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• Ref: Wittmann, S.; Shatz, A.; Grass, R. N.; Stark, W. J.; Reiser, O. Angew. Chem. Int. Ed. 2010, 49,1867

Gottlieb Kirchhoff, 1811



Interphase

HomogeneousHeterogeneous

High selectivity

High catalytic activity

Easy interaction

High turn over
numbersLow activity

Biodegradable

Low selectivity

Recyclable

Types of Catalysts
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• Ref: Benaglia, M.; Recoverable and Recyclable Catalysts; John Wiley & Sons: Chichester, 2009.
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High surface to volume ratio

Very high catalytic activity

The low reduction potential 

The high reactivity of metal nanoparticles

The separation and recovery of metal nanoparticles

• Ref: Astruc, D.; Lu, F.; Aranzaes, J. R. Angew. Chem. 2005, 117, 8062.
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Cross-coupling 

Reactions
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• Ref: Handbook of Organopalladium Chemistry for Organic Synthesis; Negishi, E. I.; de Meijere, A.;Eds. Wiley-VCH: Weinheim, Germany. 2002.
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Advantages
Excellent 

selectivity
Superior 
activity

• Ref: Ma, L., Luo, X., Kropf, A. J., Wen, J., Wang, X., Lee, S., ... & Amine, K. (2015). Nano letters, 16(1), 781-785.
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Synergistic 
Catalysis

Create or improve 
catalytic 

enantioselectivity

Introduce new, 
previously 

unattainable 
chemical 

transformations
Improve the 
efficiency of 

existing 
transformations

• Ref: Allen, A. E., & MacMillan, D. W. C. Chemical Science,2012, 3(3), 633.
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Magnesium oxide supported bimetallic Pd/Cu nanoparticles as an 

efficient catalyst for Sonogashira reaction

• Ref: Gholinejad, M., Bahrami, M., Nájera, C., & Pullithadathil, B. J.Catal. 2018, 363, 81-91.
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• Ref: Gholinejad, M., Oftadeh, E., Shojafar, M., Sansano, J. M., & Lipshutz, B. H . ChemSusChem, 2019, 12(18), 4240-4248.
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Enhanced catalytic activity of natural hematite-supported ppm 

levels of Pd in nitroarenes reduction

Gholinejad, M., Shojafar, M., & Sansano, J. M. JOURNAL OF THE IRANIAN CHEMICAL SOCIETY. 2020
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Synthesis of Prolate-Shaped Au Nanoparticles and Au Nanoprisms

and Study of Catalytic Reduction Reactions of 4-Nitrophenol

• Ref: Park, S. I., & Song, H. M. ACS omega, 2019, 4(4), 7874-7883.
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Site-Selective Growth of AgPd Nanodendrite-Modified Au Nanoprisms: 

High Electrocatalytic Performance for CO2 Reduction

• Ref: Shan, C., Martin, E. T., Peters, D. G., & Zaleski, J. M. Chemistry of Materials, 2017, 29(14), 6030-6043.
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Photothermal stability of biologically and chemically synthesized 

gold nanoprisms

• Ref: Klekotko, M., Olesiak-Banska, J., & Matczyszyn, K. Journal of Nanoparticle Research, 2017, 19(10), 327
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