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What is Molybdenum?



• 1778: C. W. Scheele reported results
about the mineral molybdœna (MoS2).

• 1781: P. J. Hjelm (Stockholm) reduced
the MoO3 to a metal and gave the new
element the name molybdenum.

• Μόλυβδος = molybdos, meaning lead.
• Was confused with both graphite and

lead.
• Intensively used during WWI – to

strengthen steel.

History

P. Enghag, Encyclopedia of the Elements: Technical Data -
History - Processing - Applications. With a Foreword by Bengt
Nordén, 1st ed. Wiley, 2004. doi: 10.1002/9783527612338.

https://doi.org/10.1002/9783527612338


Mo fact sheet
Symbol: Mo
Atomic number: 42
Atomic weight: 95.95 amu
Ground state electron configuration:
[Kr]4d55s1

Abundance: ~1.2 ppm
58th most abundant in the Earth’s crust
(W – 56th , Cr – 21st)
Deposits in USA, Chile, China.

P. Enghag, Encyclopedia of the Elements: Technical Data -
History - Processing - Applications. With a Foreword by Bengt
Nordén, 1st ed. Wiley, 2004. doi: 10.1002/9783527612338.

https://doi.org/10.1002/9783527612338


Chemistry of Mo





Chemical & Physical Properties

Atomic number 42

Atomic weight 95.95

Group 6

Period 5

Electronic Configuration [Kr] 4d55s1

Block d

Melting point (oC) 2622oC

Boiling point (oC) 4639oC

Density (g.cm-3) 10.2

Van Der Waals radius (Å) 2.17

Electronegativity 2.16

First ionization energy (kJ.mol-1) 684.316

Common oxidation states 6, 5, 4, 3, 2, 0, -1, -2, -4

State at 20oC Solid

Naturally occuring isotopes 92Mo, 94Mo, 95Mo, 96Mo, 97Mo,
98Mo, 100Mo

Crystal Structure bcc

Lattice Parameter (Å) 3.15

Molybdenum



Oxidation states
Common oxidation states in compounds: -IV and from -II to +VI
If higher oxidation state: terrestrial and biological compounds
Mid-level oxidation state: metal clusters
Low – organomolybdenum compounds



Chemical Reactions

Oxygen Slightly oxidize at 200℃
Form MoO3 at 400℃

Aqueos Vapor Oxidize over 700℃

Nitrogen Form Nitride over 1500℃

Hydrogen No chemical reaction

Carbon dioxide Oxidize over 1200℃

Dilute Sulfuric Acid(110℃) 2012mm yearly

Concentrated hydrochloric acid(110℃) 0.337mm yearly

10% Sulfuric acid 0.106mm yearly

Concentrated Sulfuric Acid(110℃) 0.287 yearly

Nitric acid + Sulfuric acid Rapid corrorsion

Nitric + Hydrofluoric Acid Rapid corrorsion

Nitric acid + Hydrochloric acid Rapid corrorsion

Hydrofluoric acid (room temperature) Corrosion

Sulphur (800℃) Corrosion

Tungsten Chemical reaction at 2000℃

Thorium Chemical reaction at 1900℃

Alumina No chemical reaction at 1900℃

Chemical
Reactions



Molybdenum compounds



Compounds: MoS2 and MoO3
Molybdenum disulfide:
• Occurs as mineral molybdenite
• unaffected by dilute acids and oxygen
• similar to graphite – dry lubricant
• diamagnetic, indirect bandgap

semiconductor similar to silicon,
• Single layer sheets act as a perfect

mirror

Molybdenum (VI) oxide:
• anhydrous oxide – precursor to metal,

alloying agent, industrial catalyst
• It is acidic and dissolve in aqueous

alkali to give salts of the Mo4
2- ions

• Reduction of a solution of a
molybdate(VI) in water or acid leads to
the production of intense molybdenum
blues. Oxide/hydroxide species of
mixed valence. A sensitive test for the
presence of reducing agents.

“Chromium, Molybdenum and Tungsten,” in Chemistry of the Elements, Elsevier, 1997, pp. 1002–1039. doi: 10.1016/B978-0-7506-
3365-9.50029-8.

https://doi.org/10.1016/B978-0-7506-3365-9.50029-8


Compounds: Molybdenum salts
(NH4)6Mo7O24, Na2MoO4, K2MoO4

• MoO3 and a base produce molybdate salts.
• Quite soluble in water.
• These salts serve as the starting materials for the synthesis

of:
• fertilizers, corrosion inhibitors, and as an analytical reagent to

measure the amounts of phosphates, silicates, arsenates
and lead in aqueous solutions.

E. I. Stiefel, “Molybdenum Compounds,” in Kirk-Othmer Encyclopedia of Chemical Technology, John Wiley & Sons,
Inc., Ed. Hoboken, NJ, USA: John Wiley & Sons, Inc., 2011, p. 1315122519200905.a01.pub3. doi:
10.1002/0471238961.1315122519200905.a01.pub3.

https://doi.org/10.1002/0471238961.1315122519200905.a01.pub3


Compounds: Organomolybdenum
• Mo is bound directly to the carbon atom of carbon monoxide, to organic

phosphines, and/or to a variety of unsaturated carbonaceous ligands.
• Molybdenum hexacarbonyl Mo(CO)6 is the starting material for the

synthesis of most organometallic compounds of molybdenum.
• Display organic reactivity
• Have been used as precursors for a variety of homogeneous and

heterogeneous catalysts.



Molybdenum in biological
molecules
FeMoco – FeMo cofactor and other Molybdenum-bearing enzymes :
• Important enzyme in nitrogen fixation of nitrogen cycle.
• Other Mo-containing biomolecules are essential participants of the

reactions in higher eukaryotes (humans too).
• Molybdenum to process proteins and genetic material like DNA or

break down drugs and toxic substances.
• (Legumes are a source of Mo)

D. G. Barceloux and D. Barceloux, “Molybdenum,” Journal of Toxicology: Clinical Toxicology, vol. 37, no. 2, pp. 231–
237, Jan. 1999, doi: 10.1081/CLT-100102422.

https://doi.org/10.1081/CLT-100102422


Modern applications



Alloys

• 86% of Mo produced is used
in metalllurgy

• Increase hardness, strength,
resistance to corrosion

• Moly Steel, Chromoly, Mo-W



Hydrogen evolution catalysis
Why: MoS2, a cost-effective material, highly effective for HER. Edged Mo and S
atoms with a very small free energy of H adsorption
For hydrogen production from water splitting.
Ammonium molybdate – Mo precursor
Addition of carbon – to distort the electron density. Favorable for efficient HER

Zang, Y., Niu, S., Wu, Y. et al. Tuning orbital orientation endows molybdenum disulfide with exceptional alkaline hydrogen evolution
capability. Nat Commun 10, 1217 (2019). https://doi.org/10.1038/s41467-019-09210-0



MoS2 thin films
MoS2 – a n-type semiconductor for transistors and
other advanced electronics.
• bandgap of 1.8−1.9 eV,
• moderate carrier mobility
• atomically thin body (6.5Å)
O2-CVD (chemical vapor deposition) for production of MoS2

monolayer with minimal S vacancies by incorporating oxygen.
Exhibit native acceptor-like states.

Shen, PC., Lin, Y., Su, C. et al. Healing of donor defect states in monolayer molybdenum disulfide using oxygen-incorporated chemical
vapour deposition. Nat Electron 5, 28–36 (2022). https://doi.org/10.1038/s41928-021-00685-8
Huang, Y., Yu, K., Li, H., Xu, K., Liang, Z., Walker, D., Ferreira, P., Fischer, P., Fan, D., Scalable Fabrication of Molybdenum Disulfide
Nanostructures and their Assembly. Adv. Mater. 2020, 32, 2003439. https://doi.org/10.1002/adma.202003439

https://doi.org/10.1038/s41928-021-00685-8


aalto.fi

Thank you for listening!
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