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Abstract: The control of multimetallic ensembles at the atomic-level is challenging, especially 

for the high-entropy alloys (HEAs) possessing five or more elements. Herein, we report the 

one-pot synthesis of hexagonal close packed (hcp) PtRhBiSnSb high-entropy intermetallic 

(HEI) nanoplates with intrinsically isolated Pt, Rh, Bi, Sn, and Sb atoms, to boost the 

electrochemical oxidation of liquid fuels. Taking advantage of these combined five metals, the 

well-defined PtRhBiSnSb HEI nanoplates exhibit a remarkable mass activity of 19.529, 15.558, 

and 7.535 A mg-1Pt+Rh towards the electrooxidation of methanol, ethanol, and glycerol in 

alkaline electrolytes, respectively, representing a state-of-the-art multifunctional electrocatalyst 

for alcohol oxidation reactions. In particular, the PtRhBiSnSb HEI achieves the record-high 

methanol oxidation reaction (MOR) activity in the alkaline environment. Theoretical 

calculations have demonstrated the introduction of the fifth metal Rh enhances the electron 

transfer efficiency in PtRhBiSnSb HEI nanoplates, which contributes to the improved oxidation 

capability. Meanwhile, the robust electronic structures of active sites are achieved due to the 
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synergistic protections from Bi, Sn, and Sb sites. This work has offered significant research 

advances in developing well-defined HEA with delicate control over compositions and 

properties.  

1. Introduction  

Direct alcohol fuel cells (DAFCs) have attracted extensive attention in sustainable power 

supplies, as they employ liquid alcohol fuels that are safe, efficient, and easy to produce, store, 

and transport under ambient conditions compared to hydrogen.[1-5] However, the alcohol 

oxidation reactions (AORs) such as methanol oxidation reaction (MOR), ethanol oxidation 

reaction (EOR), and glycerol oxidation reaction (GOR) are kinetically sluggish processes, and 

various reaction intermediates involved in the AORs call for active site ensembles with 

multifunctions.[6-10] The engineering of multimetallic Pt-based electrocatalysts (typically ≤ 

three elements) effectively boosts the AORs electrocatalysis due to the strain, electronic,  

ensemble, and bifunctional effects.[11-16]  

In particular, HEAs have emerged as a unique class of multimetallic alloys, which generally 

consist of five or more metals and show great room for improvement in their geometric and 

electronic structures and their catalytic properties.[17-26] Compared with alloy nanocrystals with 

typically disordered phases, intermetallic nanocrystals exhibit long-range ordered and well-

defined compositions, which can be delicately manipulated to clarify the structure-property 

relationship.[27-33] Combining the advantages of HEAs and intermetallic compounds, HEIs are 

promising candidates as multifunctional electrocatalysts, yet they have been rarely explored 

due to the difficulties in syntheses, characterizations, calculations, etc.[34-39] 

Herein, inspired by the same hcp crystalline structures of PtBi, RhBi, PtSn, and PtSb 

intermetallics, we report the first synthesis of PtRhBiSnSb HEI nanoplates via a facile wet-

chemistry method (Figure S1, the Supporting Information). The atomic-resolution image and 

simulation results reveal the substitution of Rh atoms on Pt columns and the substitution of 

Sn/Sb atoms on Bi columns in this hcp PtBi-type (PtRh)(BiSnSb) HEI. The synergistic effects 
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of Pt/Rh/Bi/Sn/Sb atoms endow PtRhBiSnSb HEI nanoplates with ultra-high mass activities of 

19.529, 15.558, and 7.535 A mg-1Pt+Rh at the peak potentials towards MOR, EOR, and GOR, 

respectively. In addition, the PtRhBiSnSb HEI nanoplates retain 70.2% of the initial MOR 

activity after sweeping for 5000 cycles, exhibit stable current densities over the operation for 

20000 s, and avoid CO poisoning. Density functional theory (DFT) calculations reveal that the 

superior alcohol oxidation performances of PtRhBiSnSb HEI nanoplates mainly originate from 

the introduction of Rh metal, to facilitate the efficient electron transfer and high electroactivity. 

The synergistic contributions of Bi, Sn, and Sb reach the robust valence states of Pt and Rh in 

PtRhBiSnSb HEI nanoplates, which guarantee efficient and durable electrocatalysis. 

2. Results and Discussion 

The PtRhBiSnSb HEI nanoplates were fabricated by a facile one-pot thermal 

decomposition of platinum acetylacetonate [Pt(acac)2], rhodium acetylacetonate [Rh(acac)3], 

bismuth acetate [Bi(act)3], stannous chloride (SnCl2), and antimonous chloride (SbCl3) in the 

mixture of oleylamine (OAM), octadecene (ODE), ascorbic acid (AA), and 

cetyltrimethylammonium bromide (CTAB)  at 220 ℃. The transmission electron microscopy 

(TEM, Figure 1a) and high-angle annular dark-field scanning transmission electron 

microscopy (HAADF-STEM, Figure S2) images show that the products are well-dispersed 

hexagonal nanoplates, of which the average edge length is about 6.2 nm. The X-ray diffraction 

(XRD) patterns in Figures 1b and S3 reveal that the PtRhBiSnSb HEI nanoplates exhibit the 

typical hcp crystalline structure, which is similar to those of binary hcp PtBi/RhBi/PtSn/PtSb/ 

intermetallics. The atomic ratio of Pt/Rh/Bi/Sn/Sb is determined to be 38.0/9.8/32.2/9.8/10.2 

by inductively coupled plasma mass spectrometry (ICP-MS), which is in good agreement with 

the energy-dispersive X-ray spectroscopy (EDX) results in Figure S4 (Pt/Rh/Bi/Sn/Sb = 

37.9/9.7/31.7/8.8/11.9). In addition, the sum of the atomic percentages of Pt and Rh (Pt + Rh = 

47.8%) is basically the same as that of Bi, Sn, and Sb (Bi + Sn + Sb = 52.2%), indicating the 

formation of well-defined hcp (PtRh)(BiSnSb) HEI nanoplates.[36, 40] 
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The atomic structure of the PtRhBiSnSb HEI nanoplates is uncovered by the aberration-

corrected HAADF-STEM characterizations. The ordered atomic arrangements in PtRhBiSnSb 

HEI nanoplates are revealed by the well-defined stacking sequences of atomic columns 

throughout the nanoplates projected along the top-view [001] and side-view [110]/[210] zone 

axes, respectively (Figures 1c-f, S5, and S6), which are consistent with the atomic 

arrangements in hcp PtBi intermetallic.[7, 11] Especially, the regular arrangements of two dark 

dots and one bright dot on the edge of nanoplates are clearly observed in the [001] orientation 

(Figure 1d), which can be easily indexed to the Bi-type columns and Pt-type columns based on 

the hcp PtBi intermetallic structure, respectively. As shown in Figure 1c, the lattice spacing of 

the (100) planes on the edge of nanoplates is measured to be ~0.361 nm, which is located 

between that of (100) planes in PtBi (0.374 nm), PtSn (0.355 nm) and PtSb (0.358 nm) 

intermetallics. In addition, the consistent lattice spacing of 0.204 nm indicates the identical hcp 

crystal structure across the nanoplate, while the brightness distribution throughout the nanoplate 

varies, which should originate from the distinct atomic distributions of Pt/Rh/Bi/Sn/Sb in 

different sections. Based on the EDX mapping results in Figure 1h and Figure S7, the atomic 

percentages of Rh and Bi are relatively higher in the central parts of the nanoplate, and the 

atomic percentages of Pt, Sn, and Sb are relatively higher near the nanoplate edges. Figure 1g 

shows the possible structural model of the as-synthesized PtRhBiSnSb HEI nanoplates, 

illustrating a novel class of fully ordered hcp quinary nanoplates with intrinsically isolated Pt, 

Rh, Bi, Sn, and Sb atoms.  

Different from the PtBi-type atomic arrangements, the central parts of the PtRhBiSnSb HEI 

nanoplates viewed along the [001] direction exhibit a new periodic stacking pattern, which can 

be used to resolve its atomic arrangements (Figure 2a). In this HAADF-STEM image, bright 

and dark spots arranged periodically in a rhombus are observed. The intensity profile analyses 

across the as-indicated lines (Figure 2b) demonstrate that there are three types of atomic 

configurations, as shown in the plot 1, 2, and 3, respectively. A two-dimensional (2D) Gaussian 
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fitting of the positions and intensities of the bright spots in the HAADF image (Figures 2c-d 

and S8) clearly reveals the intensity variation.[41-45] The intensities of the six intermediate Pt-

site atomic columns (grey circle) around the central Pt-site column are significantly weaker 

than those of the six outermost Pt-site atomic columns (red circle), which should be attributed 

to the substitution of Pt with Rh. By replacing the Pt atoms at the intermediate Pt-site atomic 

columns (grey circle) with 80%Rh + 20%Pt atoms, the theoretical atomic model is constructed 

(Figure 2f), from which the corresponding simulated image is obtained (Figures 2e and S8). 

The intensities of these atoms and three atomic configurations (plot 1, 2, and 3) in Figures 2a-

c are basically consistent with those obtained from the corresponding simulated image. As for 

the near edge parts of the PtRhBiSnSb HEI nanoplates viewed along [001] direction, the 

periodic stacking pattern is  consistent with the model, in which the Pt atoms are replaced by 

20%Rh + 80%Pt atoms at the intermediate Pt-site atomic columns (grey circle, Figure S9). At 

this stage, the atomic structure of (PtRh)(BiSnSb) HEI nanoplates is successfully identified, as 

shown in Figure 2h. In addition, as indicated by the XPS spectra in Figures 2g and S10, Pt and 

Rh atoms are mainly in the zero-valence state, while Bi, Sn, and Sb atoms are mainly in their 

oxidation states, due to the exposure of the easily oxidizable Bi, Sn and Sb atoms on the 

surface.[46-50] As shown in the Pt 4f XPS spectra of different Pt-based nanoparticles (Figure 

S11), PtRhBiSnSb HEI nanoplates exhibit the lowest Pt 4f binding energy that could contribute 

to the weaker bonding strength between the catalyst surface and the adsorbed intermediate 

species, thus ensuring a higher electrocatalytic activity.[51-52] 

The uniform (PtRh)(BiSnSb) HEI nanoplates are obtained via a facile one-pot method, in 

which the Pt+Rh/Sn+Bi+Sb ratio should be kept at about 1:1. The time-dependent evolutions 

of crystalline structure, composition, and morphology during the synthesis of PtRhBiSnSb HEI 

nanoplates are explored (see Figures S12-14 for details), revealing a typical “complexing-

reducing-ordering” growth process in this one-pot method. Especially, Bi-complex is formed at 

the beginning as the template for the growth of nanoplates, Rh and Sb atoms are merged into 
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those nanoplates at the later stage compared with Pt and Sn atoms, and the diffusion and 

ordering of Pt/Rh/Bi/Sn/Sb atoms produce well-defined (PtRh)(BiSnSb) HEI nanoplates with 

good uniformity.[11] As an important control sample (Figure S15), the PtBiSnSb intermetallic 

nanoplates with pure hcp phase are fabricated as well (Pt/Bi/Sn/Sb = 46.1/30.0/12.1/11.8, 

obtained by ICP-MS). The EDX mapping images of PtBiSnSb intermetallic nanoplates reveal 

the uniform distribution of Pt, Bi, Sn, and Sb elements over the hexagonal nanoplate (Figure 

S15e).  

The PtRhBiSnSb, PtBiSnSb, and PtBi nanoplates[11] are dispersed on the commercial carbons 

(Pt loadings are ~10 wt%) and washed by a hexane/ethanol/1-butylamine mixture, and then 

their electrocatalytic properties are systemically evaluated in alkaline electrolytes. Figure 3a 

shows the cyclic voltammograms (CVs) of these electrocatalysts recorded in the Ar-saturated 

1.0 M KOH solution. Compared with the commercial Pt/C electrocatalyst, the hydrogen 

adsorption/desorption peaks (0.05 V to 0.5 V vs. RHE) of the PtRhBiSnSb, PtBiSnSb, and PtBi 

intermetallic catalysts are obviously suppressed, due to the isolated Pt sites on the surface of 

these hcp PtBi-type intermetallics. Figures 3b-d show the positive-going MOR, EOR, and 

GOR polarization curves recorded in the Ar-saturated 1.0 M KOH + 1.0 M CH3OH, 1.0 M 

KOH + 1.0 M C2H5OH, and 1.0 M KOH + 0.1 M C3H5(OH)3 electrolytes at 30 °C, respectively. 

The PtBi nanoplates show slightly higher MOR, EOR, and GOR activities than the Pt/C 

electrocatalyst, and the PtBiSnSb nanoplates exhibit much higher activities than the PtBi 

nanoplates. With the mixture of isolated Pt/Rh/Bi/Sn/Sb atoms, the as-obtained PtRhBiSnSb 

HEI nanoplates achieve the highest MOR, EOR, and GOR peak mass activities of 19.529 A 

mg-1Pt+Rh, 15.558 A mg-1Pt+Rh, and 7.535 A mg-1Pt+Rh (Figure S16), obviously higher than those 

of PtBiSnSb nanoplates and 8.6/10.4/7.6 times higher than those of Pt/C electrocatalyst, 

respectively. These results suggest a synergistic effect of these five metals in boosting AORs.[49, 

53-54] To the best of our knowledge, the PtRhBiSnSb HEI nanoplates emerge as a state-of-the-
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art electrocatalyst for AORs, and notably reach the record-high MOR activities in alkaline 

electrolytes (Tables S1-3).[7, 46, 55-60]  

The electrochemical durabilities of the highly active PtRhBiSnSb HEI nanoplates and 

PtBiSnSb nanoplates are evaluated by sweeping 5000 CV cycles in the 1.0 M KOH + 1.0 M 

CH3OH solution. As shown in Figure 3e, after 5000 cycles, the current densities (calculated at 

the peak potentials of ≈0.85 V vs RHE) of PtRhBiSnSb and PtBiSnSb retain 70.2% and 62.7% 

of their initial values, respectively, while the Pt/C electrocatalyst retains 23.1%. In addition, the 

chromoamperometric (CA) measurements of PtRhBiSnSb HEI nanoplates for MOR, EOR, and 

GOR are evaluated at 0.7 V, 0.65 V, and 0.65 V versus RHE for 20000 s, respectively, and 

those potentials are chosen based on their different polarization curves (Figures 3f and S17). 

As revealed by the much higher current densities compared with the Pt/C electrocatalyst in 

those CA curves, the PtRhBiSnSb HEI nanoplates exhibit excellent long-term durability toward 

AORs. Moreover, the multimetallic compositions of PtRhBiSnSb HEI nanoplates (Figure S18) 

and PtBiSnSb nanoplates (Figure S19) are basically maintained, and the partial leaching of Bi 

atoms could lead to the decay of their activities. As shown in the CO-stripping experiments 

(Figures 3g and S20), the oxidation peaks at around 0.7 V vs. RHE of the absorbed CO are 

significantly suppressed on the PtRhBiSnSb HEI, PtBiSnSb, and PtBi nanoplates compared to 

the Pt/C, indicating their superior tolerances to CO poisoning. The results are attributed to the 

exposure of Bi/Sn/Sb species and the isolated Pt sites on the surface of these hcp PtBi-type 

intermetallic nanoplates. 

Considering the superior MOR electrocatalytic performances of PtRhBiSnSb HEI nanoplates,  

Figures 3h and S21 show the in situ fourier transform infrared (FTIR) and attenuated total 

reflection-surface enhanced infrared absorption (ATR-SEIRA) spectra of PtRhBiSnSb HEI 

nanoplates and Pt/C for MOR in alkaline electrolyte. During the MOR process, methanol is first 

oxidized to HCOO‾ (asymmetric stretching vibration band of HCOO‾ at ~ 1585 cm-1 and 

symmetric vibration twin bands of HCOO‾), and then HCOO‾ is further oxidized to CO2 
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(vibration band of CO2 at ~ 2345 cm-1), and finally, the adsorbed CO2 is desorbed and reacted 

with OH to form CO32‾/HCO3‾ (wide vibration band of CO32‾/HCO3‾ at ~ 1376 cm-1). The onset 

potentials corresponding to these characteristic peaks of PtRhBiSnSb HEI nanoplates are 100 

mV lower than those of Pt/C, further supporting the superior MOR electrocatalytic 

performances on PtRhBiSnSb HEI nanoplates. Furthermore, the ATR-SEIRA spectra in Figure 

S21b-c show there is no COL signal (linearly bonded of COad (COL) species at ~ 2050 cm-1) 

over the entire potential range on PtRhBiSnSb HEI nanoplates, revealing that methanol is 

oxidized through a CO-free pathway. Thus, the classical CO-poisoning issue on the Pt-based 

catalysts is vanished on this PtRhBiSnSb HEI electrocatalyst, due to its superior tolerance 

toward CO-poisoning and optimized MOR pathway to avoid CO-poisoning.[46, 61-65] 

DFT calculations have been introduced to further explore the alcohol oxidation performances 

of the PtRhBiSnSb HEI nanoplates. Compared with the PtBiSnSb nanoplates, the introduction 

of Rh on the Pt sites further improves the electroactivity (Figures 4a-b, S22). Notably, the 

contributions of surface bonding near the Fermi level (EF) to PtRhBiSnSb HEInanoplates 

become larger, especially on the Rh sites, indicating the introduction of Rh further enhances 

the electroactivity. The overall structure of the PtRhBiSnSb HEI nanoplates and PtBiSnSb 

nanoplates are both stable without evident lattice distortions, indicating the promising durability 

of the electrocatalyst. The projected partial density of states (PDOSs) are demonstrated to 

unravel the contributions of electronic structures (Figure 4c). Notably, Rh-4d orbitals show an 

evident peak near the EF while the Pt-5d orbitals locate at a slightly lower position at EV-2.28 

eV (EV = 0 eV). Meanwhile, the p orbitals from Sb, Bi, and Sn exhibit similar broad orbitals 

that cross the EF, indicating efficient electron transfer. Moreover, the efficient p-d orbital 

coupling enables the stabilization of valence states on Pt and Rh sites by the Bi, Sn, and Sb sites. 

The electronic structure comparison with the PtBiSnSb also shows that the overall d-band 

center has evidently increased after the introduction of Rh, supporting the improved electron 

transfer efficiency of the electrocatalyst (Figure 4d). Meanwhile, the surface Pt sites have 
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shown a slightly decreased d-band center, which suppresses the overbinding of the 

intermediates to guarantee efficient electrocatalysis. To further identify the electronic 

modulations, the site-dependent PDOSs of each element are supplied in PtRhBiSnSb HEI 

nanoplates. For Pt sites, the Pt-5d orbitals show a gradual upshifting from the bulk to the surface 

(Figure 4e). Notably, the surrounding Sn and Sb sites further improve the electroactivity of Pt 

due to the closer position to the EF. In the meantime, the Rh-4d orbitals remain a highly robust 

electronic structure from the bulk to the surface, exhibiting the strong electron depletion 

capability for the oxidation process (Figure 4f). The doping of Rh on Pt sites does not affect 

the electroactivity of neighboring Pt sites and supplies additional active sites for the oxidation 

reactions, and the site-dependent PDOSs of both Pt and Rh support the improved electroactivity 

and stable valence states due to the introduction of Sn and Sb. Bi sites display the broad 6p 

orbitals in different sites in the electrocatalysts (Figure 4g). However, the electron density near 

the EF increases from the bulk to the surface, especially near the introduced Rh atoms, leading 

to efficient electron transfer via the p-d coupling.  For both Sn-5p and Sb-5p, highly robust 

electronic structures have been shown, where the valence states are not strongly affected by the 

positions (Figures 4h-i). From the PDOSs, Bi, Sn, and Sb sites are prone to be oxidized due to 

the low barriers for electron depletion, which mainly play as the buffer sites to protect the 

metallic Pt and Rh sites with high electroactivity within PtRhBiSnSb HEI nanoplates from 

oxidization during the MOR.  

Then, the performances of PtRhBiSnSb HEI nanoplates and PtBiSnSb nanoplates are 

compared from the energetic perspective. Notably, the adsorption of CH3OH and CO2 are 

strengthened in PtRhBiSnSb HEI nanoplates, leading the improved electroactivity towards the 

oxidation of CH3OH (Figure 4j). Meanwhile, the PtRhBiSnSb HEI nanoplates show an 

unpreferred adsorption CO, which supports the stronger resistance towards the CO poisoning 

during the MOR. For the CO2 pathways, it is noted that the PtRhBiSnSb HEI nanoplates deliver 

a stronger reaction trend with one minor energy barrier of 0.41 eV at CHOH* to CHO* 
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conversion (Figure 4k), in contrast, the PtBiSnSb nanoplates show several larger energy 

barriers during the MOR. Moreover, PtRhBiSnSb HEI nanoplates display more negative 

reaction energy than PtBiSnSb nanoplates, which further reveals their superior MOR 

performance. Meanwhile, for the CO pathway, the energy barrier of 0.77 eV on PtRhBiSnSb 

HEI nanoplates is much larger than that of the CO2 pathway, indicating a stronger selectivity 

toward the CO2 (Figure 4l). On the other side, PtBiSnSb nanoplates show a stronger preference 

towards the CO pathway, leading to the relatively lower performance of alcohol oxidation. 

3. Conclusion  

In summary, we successfully construct the well-defined PtRhBiSnSb HEI nanoplates and 

confirm the formation of the hcp (PtRh)(BiSnSb) crystalline structure by substituting Sn/Sb 

atoms at Bi sites and Rh atoms at Pt sites. Enabled by the synergistic effect of these five metals, 

the PtRhBiSnSb HEI nanoplates exhibit super-high mass activities and excellent durabilities 

towards MOR (record-high value), EOR, and GOR, representing a state-of-the-art 

multifunctional electrocatalyst for alcohol oxidations. DFT calculations have indicated the 

optimization of electronic structures in PtRhBiSnSb HEI nanoplates by the introduction of Rh, 

which not only improves the electron transfer but also the electroactivity with an optimal d-

band center. The optimized electronic structure leads to stronger selectivity and durability for 

the CO2 reaction pathways of alcohol oxidations. This work offers an effective and practical 

strategy to achieve and resolve the atomically long-range ordered HEI, thus developing 

multifunctional catalysts with unprecedented properties. 

4. Experimental Section  

Experimental details are provided in the Supporting Information.  

Supporting Information 

Supporting Information is available from the Wiley Online Library or from the author. 
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Figure 1. a) TEM image and b) XRD pattern of the PtRhBiSnSb HEI nanoplates. c-f) Typical 
aberration-corrected HAADF-STEM images of the surface of PtRhBiSnSb HEI nanoplates. 
The insets in (d-f) show the corresponding PtBi unit cells viewed along different zoom axes. 
The pink and blue spheres represent Pt and Bi atoms, respectively. Scale bars: 1 nm. g) The 
schematic illustration showing the atomic arrangement of Pt/Rh/Bi/Sn/Sb atoms on the surface 
of the PtRhBiSnSb HEI nanoplate. h) EDX mapping images of a PtRhBiSnSb HEI nanoplate. 
Scale bar: 5 nm. 
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Figure 2. a) Typical aberration-corrected HAADF-STEM image of the center part of the 
PtRhBiSnSb HEI nanoplates. b) HAADF intensity line profiles (data points) taken along the 
appropriately numbered lines indicated in (a) (shown in scatter plots). Solid line plots are 
acquired from the corresponding image simulations (see Figure S11). c) HAADF image of the 
typical Rh-substituted Pt columns and (d) the corresponding color dots. e) Image simulation 
and (f) atomic model of the Rh-substituted Pt columns. g) Pt 4f and Rh 3d XPS spectra of the 
PtRhBiSnSb HEI nanoplates. h) Structural Model showing a crystallne unit of the 
(PtRh)(BiSnSb) HEI nanoplates. 
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Figure 3. a) CV curves, (b) MOR, (c) EOR, and (d) GOR positive-going polarization curves of 
different catalysts recorded at a scan rate of 50 mV s-1. e) The changes in mass activities of 
different catalysts before and after long-term potential cycling. f) Long-term 
chronoamperometry for MOR of different catalysts recorded at 0.7 V vs. RHE. g) CO-stripping 
curves of PtRhBiSnSb HEI nanoplates, PtBiSnSb nanoplates, and Pt/C catalysts recorded in 
Ar-saturated 1.0 M KOH at a scan rate of 50 mV s-1. h) The in-situ FTIR spectra of PtRhBiSnSb 
HEI nanoplates recorded in Ar-saturated 1.0 M KOH + 1.0 M CH3OH solution using a Hg/HgO 
as the reference electrode. 
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Figure 4. DFT calculations of the PtRhBiSnSb HEI nanoplates. 3D contour plot of electronic 
distributions near the Fermi level of (a) PtRhBiSnSb HEI nanoplates and (b) PtBiSnSb 
nanoplates from the top view. Blue, orange, purple, olive, and pink spheres represent Pt, Rh, 
Bi, Sn, and Sb atoms, respectively. c) PDOS of PtRhBiSnSb HEI nanoplates. d) The electronic 
structure comparison between PtRhBiSnSb HEI nanoplates and PtBiSnSb nanoplates. Site-
dependent PDOSs of (e) Pt-5d, (f) Rh-4d, (g) Bi-6p, (h) Sn-5p, and (i) Sb-5p in PtRhBiSnSb 
HEI nanoplates. j) The adsorption energy comparison of CH3OH, CO2, and CO on PtRhBiSnSb 
HEI nanoplates and PtBiSnSb nanoplates. The reaction energy comparison of (k) CO2 pathway 
and (l) CO pathway for MOR process on PtRhBiSnSb HEI nanoplates and PtBiSnSb nanoplates. 
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TOC 
 
The high-entropy PtRhBiSnSb intermetallic nanoplates with intrinsically isolated 
Pt/Rh/Bi/Sn/Sb atoms are successfully constructed via a one-pot method. Benefiting from the 
synergism of chosen five elements, the well-defined PtRhBiSnSb intermetallic nanoplates 
achieve ultra-high performances towards the electrochemical oxidation of methanol, ethanol, 
and glycerol in alkaline electrolytes, emerging as a state-of-the-art multifunctional 
electrocatalyst for the alcohol oxidation reactions. 
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