
Efficient synthesis of pure bulk black phosphorus and high-

quality exfoliation of phosphorene  

Faissal El Manjli, a,b,* Omar Mounkachi, a,c,d,*  Abdelilah Benyoussef, e Abdelfattah Mahmoud, f  Laura 

Manceriu, f Frédéric Boschini, f Khadija El Maalam, b Mohammed  Hamedoun d and Mustapha Ait Ali 
a,* 

a Molecular Chemistry Laboratory, Unit Coordination and Catalysis Chemistry, Cadi Ayyad University, 

Faculty of sciences Semlalia (UCA-FSSM), B.P. 2390 - 40000 Marrakech, Morocco. 
b Moroccan Foundation for Advanced Science, Innovation and Research, MAScIR, Rabat, Morocco. 
c LaMCScI, Faculty of science-Mohammed V University, B.P. 1014, Rabat, Morocco. 
d MSDA, Mohammed VI Polytechnic University, Lot 660, Hay Moulay Rachid Ben Guerir, 43150, 

Morocco. 
e Hassan II Academy of Science and Technology, Rabat, Morocco. 
f GREEnMat, UR CESAM, University of Liège, Allée du Six Août 13, B-4000 Liège, Belgium. 

 

 
* Corresponding Author Information: 

E-mail addresses: faissal.elmanjli@ced.uca.ma (F. El Manjli), aitali@uca.ac.ma (M. Ait Ali), 

o.mounkachi@gmail.com (O. Mounkachi) 

 

Abstract 

Black phosphorus (BP) is the most promising material among the two-dimensional (2D) 

materials thanks to its layered structure and excellent semiconducting properties. Currently, bulk BP 

flakes are synthesized under high pressure and high-temperature conditions by chemical vapor 

deposition using high-cost Au-catalyst. Consequently, its applications as a crystalline semiconductor 

material in electronic devices are limited due to the low quality and purity of BP. In this work, we 

demonstrate an efficient and low-cost synthesis of highly crystalline BP by rapid low-pressure reaction 

of red phosphorus (RP) in the presence of a small amount of silver (Ag) in a vacuum-sealed quartz tube. 

The phosphorene layers were prepared by liquid-phase exfoliation (LPE) of high-quality BP crystals 

using various solvents such as isopropanol (IPA), N-methyl pyrrolidone (NMP) and 

Dimethylformamide (DMF). The resulting materials are investigated in detail including structural and 

morphological characterization along with thermal properties. We have obtained BP flakes which are 

uniform in size and morphology. The lateral sizes of the stable BP range from 50.7 nm after exfoliation 

in IPA to 204 nm after exfoliation in NMP. The most effective phosphorene layer separation was 

achieved by using the IPA solvent and centrifugation at 15000 rpm with a monolayer thickness of 0.5 - 

0.6 nm. Phosphorene layer thicknesses of 1.0 - 2.0 nm and 1.7 – 2.6 nm are obtained when using NMP 

and DMF as solvents, respectively. We demonstrate the fine tuning of the optical bandgap by controlling 

the number of phosphorene layers. 
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