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BLACK  PHOSPHORUS 

Percy W. Bridgman, 1914 
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BLACK PHOSPHORUS GRAPHITE 

BLACK PHOSPHORUS vs GRAPHITE 

Semimetal Direct semiconductor 



BLACK PHOSPHORUS: MECHANICAL EXFOLIATION 

Back-gated black phosphorus FET  
(adapted from Sci. Rep. 2015, 5, 08989)   

Nat. Nanotechnol. 2014, 9, 372-377  
Classical scotch-tape method 

Direct semiconductor with band 
gap tunability: 

 

ΔE from 0.3 eV (bulk BP) to 1.8 eV 
(monolayer) 



BLACK PHOSPHORUS PREPARATION 

SOLVENT ASSISTED 
 EXFOLIATION 

WITH 
ULTRASOUNDS IN 

DMSO 

FEW-LAYERS BLACK PHOSPHORUS: WET EXFOLIATION 

M. Serrano-Ruiz, M. Caporali, A. Ienco, V. Piazza, S. Heun, M. Peruzzini, Adv. Mat. Interfaces 2016, 3, 1500441.  

Inorg. Chem. 2007, 46, 4028-4035. 



FEW LAYER BLACK PHOSPHORUS: 
SURFACE DECORATION 



IMMOBILIZATION OF METAL NANOPARTICLES ON BLACK PHOSPHORUS 

Au NPs on BP  
(Chem.Mater. 2017, 29, 7197−7205) 

Ni NPs on BP 
(Chem. Commun. 2017,53, 10946-10949) 

Ag NPs on BP 
(ACS Catal. 2016, 6, 8009−8020) 



METAL NANOPARTICLES ON BLACK PHOSPHORUS: CATALYSIS 

M. Caporali, M. Serrano-Ruiz,  F. Telesio, S. Heun,  G. Nicotra, C. Spinella  and  M. Peruzzini, 
Chem. Commun. 2017,53, 10946-10949. 

Ni/BP, THF 



IN SITU GROWTH OF Pd NPs ON BLACK PHOSPHORUS 



Pd@BP: SOME CHARACTERIZATION 



SELECTIVE HYDROGENATION OF CHLORONITROBENZENE 



CHLORONITROBENZENE HYDROGENATION ON PALLADIUM 

Substrate Catalyst Selectivity % Conversion % PH2/bar T/°C 

4-CNBa Pd  unsupp. 15 60 1 200* 

2-CNBb Pd/C 82 94 5 25 

4-CNBa Pd/C - II 74 20 1 200* 

3-CNBb Pd/C 87 96 5 25 

2-CNBc Pd/TiO2 86 100 5 250* 

4-CNBd Pd-PVP/Al2O3 68 100 1 50 

4-CNBa Pd/SiO2 0 20 1 200* 

4-CNBa Pd/Al2O3 0 40 1 200* 

4-CNBd Pd-PVP-Sn4+/Al2O3 97 100 10 50 

4-CNBa Pd/ZnO 100 100 1 200* 

aACS Catal. 2013, 3, 1386-1396. bAppl. Cat. A-Gen. 2002, 235, 225-231. c Catal. Commun. 2007, 8, 1999-2006. d J. Mol. 
Cat. A-Chem. 2006, 260, 200-305.   
*The catalytic reaction was carried out in a flow reactor 



CHLORONITROBENZENE HYDROGENATION WITH Pd@BP 

Substrate nSUB/nCAT Selectivity % Conversion % PH2/bar Time/h T/°C 

2-CNB 200  95 100 5 1 25 

3-CNB 200  >98 99 5 1 25 

5 bar H
2
, MeOH 



Substrate Catalyst Selectivity % Conversion % PH2/bar T/°C 

4-CNBa Pd  unsupp. 15 60 1 200* 

2-CNBb Pd/C 82 94 5 25 

4-CNBa Pd/C - II 74 20 1 200* 

3-CNBb Pd/C 87 96 5 25 

2-CNBc Pd/TiO2 86 100 5 250* 

4-CNBd Pd-PVP/Al2O3 68 100 1 50 

4-CNBa Pd/SiO2 0 20 1 200* 

4-CNBa Pd/Al2O3 0 40 1 200* 

4-CNBd Pd-PVP-Sn4+/Al2O3 97 100 10 50 

4-CNBa Pd/ZnO 100 100 1 200* 

2-CNB Pd@BP 95 100 5 25 

3-CNB Pd@BP >98 99 5 25 



OUTLOOKS 

IMPROVE  
a) THE PREPARATION OF THE 

CATALYST 
b) THE CHARACTERIZATION OF 

THE CATALYST:  
XPS, SS-NMR, XAS 

EXTEND THE SCOPE OF THE 
REACTION 
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