
    Skip to main contentScientific American

Sign in


February 1, 2014
2 min read


Chemistry Calculations Reveal a New Kind of Bonding
Extreme conditions yield exotic molecules
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Many of us learned in high school chemistry that the electrons around an atomic nucleus occupy different energy levels. The low-energy levels are known as the inner electron shells, and the highest-energy level forms the outer shell. Chemical bonds, we were told, form only when atoms share or exchange electrons in their outermost shells.
But a chemist may have found a loophole in that familiar rule of bonding. Under very high pressures, it appears, electrons in the atom's inner shells can also take part in chemical bonds.
“It breaks our doctrine that the inner-shell electrons never react, never enter the chemistry domain,” says Mao-sheng Miao, a chemist at the University of California, Santa Barbara, and the Beijing Computational Science Research Center in China. Miao's calculations show that under extreme pressures cesium and fluorine atoms can form exotic molecules with inner-shell bonds.
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Ordinarily the atoms form relatively simple bonds. Cesium, an alkali metal, has a lone, so-called valence electron in its outer shell. The halogen gas fluorine, on the other hand, is one electron short of a full outer shell—a perfect match for an atom such as cesium that has an electron to give.
But Miao identified two molecules that, at high pressure, would involve cesium's inner electrons as well. To form cesium trifluoride (CsF3), a cesium atom would share its single valence electron and two inner-shell electrons with three fluorine atoms. Four inner electrons would go into making cesium pentafluoride (CsF5). “That forms a very beautiful molecule, like a starfish,” Miao says. He reported his findings in Nature Chemistry. (Scientific American is part of Nature Publishing Group.) Both the shape of the resulting molecules and the possibility of their formation are “very surprising,” says Nobel Prize–winning chemist Roald Hoffmann, a professor emeritus at Cornell University.

Rights & Permissions


Clara Moskowitz is a senior editor at Scientific American, where she covers astronomy, space, physics and mathematics. She has been at Scientific American for a decade; previously she worked at Space.com. Moskowitz has reported live from rocket launches, space shuttle liftoffs and landings, suborbital spaceflight training, mountaintop observatories, and more. She has a bachelor's degree in astronomy and physics from Wesleyan University and a graduate degree in science communication from the University of California, Santa Cruz.

More by Clara Moskowitz

[image: Scientific American Magazine Vol 310 Issue 2]This article was originally published with the title “Atomic Revelation” in Scientific American Magazine Vol. 310 No. 2 (February 2014), p. 19
doi:10.1038/scientificamerican0214-19View This Issue





Expand Your World with Science

Learn and share the most exciting discoveries, innovations and ideas shaping our world today.
SubscribeSign up for our newslettersSee the latest storiesRead the latest issueFollow Us:

[image: Scientific American publications in print & digital formats]

	Return & Refund Policy
	About
	Press Room
	Accessibility Statement


	FAQs
	Contact Us
	International Editions


	Advertise
	SA Custom Media
	Terms of Use


	Privacy Policy
	California Consumer Privacy Statement
	Use of cookies/Do not sell my data



Scientific American is part of Springer Nature, which owns or has commercial relations with thousands of scientific publications (many of them can be found at www.springernature.com/us). Scientific American maintains a strict policy of editorial independence in reporting developments in science to our readers.
© 2024 SCIENTIFIC AMERICAN, A DIVISION OF SPRINGER NATURE AMERICA, INC.
ALL RIGHTS RESERVED.



    
    
  