
Synthesis of Ultra-Small PdAuNanoparticles with homogenous Alloys on SiO2

and Al2O3 via Electrostatic Adsorption
Anhua Dong, John R. Regalbuto*, Doug Blom

Chemical Engineering Department
University of South Carolina, Columbia, SC, 29208

ÅPd based materials performed high activity in hydrogenation of
alkeneand alkyne; Au, asa promoter, hasbeenreported to improve
the selectivity.

ÅSmallnanoparticleseffectivelyimprovethe metalutilization.

ÅStrong ElectrostaticAdsorption (SEA)is a generalizableand facile
techniqueto synthesizeultra-smallmetalparticles.

ÅAimsat extendingSEAsyntheticstrategyto target ultra-smallbimetal
Pd-Aucatalystson highsurfaceareasilicaandalumina.

Motivations

Catalysts Synthesis
Strong Electrostatic Adsorption (SEA)

ÅSupportsurfacecanbe chargedby adjustingsolutionpH.
ÅOppositelychargedmetal complexescan be adsorbedonto

the supportsurface.
ÅStronginteractionwith supportandmetal.

Bimetallic catalysts preparation by co-SEA
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Bimetallic catalysts preparation by co-DI

dry impregnation

ÅAdvantages: simple procedure & controlled metal loadings

Ådisadvantages: poor metal-support interaction

poor metal dispersion, inhomogeneity

Metal Adsorption Investigation

*pH was adjusted by HCl and NaOH

ÅHigher loadingsof Pd and Au on
SiO2 than g-Al2O3 due to the
sufficient deprotonation of the
surface.

Results: TPR

Results: X-ray diffraction
supported on SiO2 supported on g-Al2O3

co-SEA:
ultra-small.
regularity.
speckling effects.

co-DI:
larger particles.
inhomogeneity.

supported on SiO2 supported on g-Al2O3

Åco-SEA: very broad peaks in XRD patterns.
ultra-small particles (<2nm).
homogenous alloys.

Åco-DI:    sharp peaks in XRD patterns.
larger particles.
more than two alloys 

(inhomogeneity)

Results: CO-FTIR

ÅMore Pd atoms on the surface due to the smaller particles 
by co-SEA.

ÅLess Pd loading, better Pd distribution in Au cluster.

in-situ CO-FTIR: in-situ reduced a 1800C �¾Simultaneousstrong electrostatic adsorption (co-SEA) is an effective and facile

techniqueto synthesizeultra-smallPdAunanoparticleswith homogenousalloys.

�¾Strongermetal-support interaction canbeachievedby co-SEAthan co-DI.

�¾Increasedamountof Pdatomson particlesurfacecanbeobtainedby co-SEA.

Conclusions
Temperature programmed reduction at 50C/min

ÅBroader peak by co-SEA suggesting stronger M-S interaction

References
[1] P. Wu, Y. Cao,P. Pai,etc.; Ultrastablebimetalliccatalystwith tuned
surface electronic properties for highly selective oxidation of
cyclohexane,AppliedSurfaceScience457(2018) 580-590

[2]N. E. Kolli, L. Eelanny, C. Louis,BimetallicAu-Pdcatalystsfor selective
hydrogenationof butadiene: Influenceof the preparation method on
catalyticproperties,J. of Catal. 297(2013) 79-92;

[3]A. Wong, W. Liu, J.R. Regalbuto. Synthesis of ultrasmall,
homogeneouslyalloyed, bimetallic nanoparticleson silica supports.
Science,358(2017) 147-1430.

Acknowledgements
The authors gratefully acknowledgeCenter for
Rational Catalyst Synthesis (CerCas) for the
financial support of this work, and the work
opportunity provided by ChemicalEngineering
Departmentin Universityof SouthCarolina.

Contact me
Email: adong@email.sc.edu
Cell: (+1) 803-629-3546

*No CO adsorbed on Au 

Support properties and uptake results

Results: STEM


