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- Discovered in 1778 by Carl Wilhelm Scheele and in 1781
prepared Peter Jacob Hjelm molybdenum in impure form.

- Name come from the Greek molybdos and means lead [1]
- 200,000 tons produced annually [2]
- Largest producers: United States and China [2]
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Chemical properties Oxidation state Example Effective radius
(pm)

0 Mo(CO)6 209

+I Na[C6H6Mo] -

+II MoCl2 -

+III Na3[Mo(CN)]6 69

+IV MoS2 65

+V MoCl5 61

+VI MoF5 59

- Electron configuration: [Kr]4d55s1

- Reactivity: stable [4]
- Colour: silvery white
- High melting point [5]
- Lowest thermal expansion coefficient

of engineering metals [5]
- In soil and natural waters as MoO4

- [6]

Oxidation states and some examples [7].



Uses for pure molybdenum
- Most Mo used in alloys, moly steel [5]
- Molybdenum alloys used for high-stress applications
- Essential trace metal for living beings[5]

- Nitrogen-fixing nitrogenase

Used as a fertilizer [11]
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Chemical formula Special properties Applications

Oxides MoO3 Properties can
depends on thickness
[8]

Coating, alloy [9]

MoO2 Quite inert [12] Thin films [10]

Sulfides MoS2 Semiconductor,
tunable properties,
wide range of
nanostructures

Catalysts[11], sensors[11]
adsorbent[11] solid lubricant [9],
Lithium ion battery cathode [9]

Borates B4Mo3O12 High melting point [14] Glasses [13]

Carbides MoC/Mo2C Hard, resistant Moly steel alloy, HER catalyst[15]



[11]
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Molybdenum disulfide

- Formula MoS2, layered structure[12]

- Covalent bonds in layers, van der Waals
between[12]

- Semiconductor, band gap 1.23 eV [17]

- Single-crystalline and polycrystalline form. [11]



Molybdenum disulfide - Lubricant

- Used as a lubricant [12]

- Weak interlayer interactions allow
layers to slide

- Used for hundreds of years mixed
with graphite



Molybdenum disulfide - Electronics

- Semiconductors
-> Conductance tunable, i.e. with light[11]

- Highly efficient transistors, due to high band
gap[11]

- Chemical and biosensors, optoelectronics,
flexible electronics[11][16]



Molybdenum disulfide - Catalyst
- Low Gibbs free energy of adsorption of hydrogen atoms[11]

- Similar to Platinum, but cheap[11]

- Hydrogenation[11], hydrogen evolution reaction[19][20]

- Edges and sulphur anion vacancies active[19][20]
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Molybdenum disulfide - Nanostructures
- Polycrystalline form can be used as a nanomaterial [11]
- MoS2 is made from MoO3 in high temperature
- Controlled scalable synthesis has proven difficult. [11]
- Specific nanostructure needed for many applications
- Huang et al. developed a method for growing MoS2

nanoribbons with tunable morphology[11]

17
[11]



References
1. Rsc.org, available: https://www.rsc.org/periodic-table/element/42/molybdenum (20.11.2020).
2. Livescience.com, available: https://www.livescience.com/34687-molybdenum.html. (20.11.2020).
3. Lenntech.com, available: https://www.lenntech.com/periodic/elements/mo.htm (20.11.2020).
4. Molybdenum.com, available: https://www.molybdenum.com/wp-content/uploads/2015/02/Moly-SDS.pdf (20.11.2020).
5. Emsley, J., Nature's Building Blocks: An A-z of the Elements, 2001, Oxford University Press, pages 261-266, ISBN 978-0198503408.
6. Donald G. Barceloux & Dr. Donald Barceloux (1999) Molybdenum, Journal of Toxicology: Clinical Toxicology, 37:2, 231-237, DOI: 10.1081/CLT-100102422.
7. Shannon RD. Revised effective ionic radii and systematic studies of interatomic distances in halides and chalcogenides. Acta Crystallogr Sect A Found Crystallogr. 1976;32(5):751-67.
8. Balendhran S, Walia S, Nili H, Ou JZ, Zhuiykov S, Kaner RB, et al. Two-dimensional molybdenum trioxide and dichalcogenides. Adv Funct Mater. 2013;23(32):3952-70.
9. Azonano.com, available:

https://www.azonano.com/article.aspx?ArticleID=3352#:~:text=Molybdenum%20Oxide%20(MoO3)%20Nanoparticles%20%2D%20Properties%2C%20Applications,-
Download%20PDF%20Copy&text=Nanomaterials%20are%20being%20adapted%20into,%2C%20toxicology%2C%20and%20mechanical%20engineering (20.11.2020).

10. De Melo O, González Y, Climent-Font A, Galán P, Ruediger A, Sánchez M, et al. Optical and electrical properties of MoO2 and MoO3 thin films prepared from the chemically driven isothermal
close space vapor transport technique. J Phys Condens Matter. 2019;31(29).

11. 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.

12. W.O. Winer, Molybdenum disulfide as a lubricant: A review of the fundamental knowledge, Wear, Volume 10, Issue 6, 1967, Pages 422-452, ISSN 0043-1648,
https://doi.org/10.1016/0043-1648(67)90187-1.

13. Wang Y, Honma T, Komatsu T. Effects of WO3 substitution on crystallization behavior and laser patterning in Gd2O3-MoO3-B 2O3 glasses. J Non Cryst Solids. 2014;383:86-90.
14. Link.springer.com, available: https://link.springer.com/article/10.1007%2FBF03397758 (22.11.2020).
15. Sami Tuomi, Rut Guil-Lopez, Tanja Kallio, Molybdenum carbide nanoparticles as a catalyst for the hydrogen evolution reaction and the effect of pH, Journal of Catalysis, Volume 334,2016,

Pages 102-109, ISSN 0021-9517, https://doi.org/10.1016/j.jcat.2015.11.018.
16. Eric Singh, Pragya Singh, Ki Seok Kim, Geun Young Yeom, and Hari Singh Nalwa, Flexible Molybdenum Disulfide (MoS2) Atomic Layers for Wearable Electronics and Optoelectronics, ACS Applied Materials &

Interfaces 2019 11 (12), 11061-11105 DOI: 10.1021/acsami.8b19859.
17. K. K. Kam and B. A. Parkinson, Detailed photocurrent spectroscopy of the semiconducting group VIB transition metal dichalcogenides, The Journal of Physical Chemistry 1982 86 (4), 463-467, DOI:

10.1021/j100393a010.
18. Indiamart.com, available: https://www.indiamart.com/proddetail/multiplex-molybdenum-fertilizer-20828364988.html (21.11.2020).
19. Anjum, Mohsin & Jeong, Hu Young & Lee, Min & Shin, Hyeon & Lee, Jae Sung. (2017). Efficient Hydrogen Evolution Reaction Catalysis in Alkaline Media by All-in-One MoS2 with

Multifunctional Active Sites. Advanced Materials. 30. 10.1002/adma.201707105.
20. Jaramillo TF, Jørgensen KP, Bonde J, Nielsen JH, Horch S, Chorkendorff I. Identification of active edge sites for electrochemical H2 evolution from MoS2 nanocatalysts. Science. 2007 Jul

6;317(5834):100-2. doi: 10.1126/science.1141483. PMID: 17615351.
21. Book.google.fi, available:

https://books.google.fi/books?hl=en&lr=&id=o04XBQAAQBAJ&oi=fnd&pg=PP1&dq=molybdenum+uses&ots=Vjo5i42iPA&sig=cX8le9KE9zYLdsFwJDXhb1Qycss&redir_esc=y#v=onepage&q=
molybdenum%20uses&f=false (21.11.2020).

https://www.rsc.org/periodic-table/element/42/molybdenum
https://www.livescience.com/34687-molybdenum.html
https://www.lenntech.com/periodic/elements/mo.htm
https://www.molybdenum.com/wp-content/uploads/2015/02/Moly-SDS.pdf
https://www.azonano.com/article.aspx?ArticleID=3352
https://doi.org/10.1002/adma.202003439
https://doi.org/10.1002/adma.202003439
https://doi.org/10.1016/0043-1648(67)90187-1
https://link.springer.com/article/10.1007%2FBF03397758
https://doi.org/10.1016/j.jcat.2015.11.018
https://www.indiamart.com/proddetail/multiplex-molybdenum-fertilizer-20828364988.html
https://books.google.fi/books?hl=en&lr=&id=o04XBQAAQBAJ&oi=fnd&pg=PP1&dq=molybdenum+uses&ots=Vjo5i42iPA&sig=cX8le9KE9zYLdsFwJDXhb1Qycss&redir_esc=y

