
Polycarbonyl

From Wikipedia, the free encyclopedia

Jump to navigation Jump to search 

Polycarbonyl, (also known as polymeric-CO, p-CO or poly-CO) is a solid metastable and explosive 
polymer of carbon monoxide.[1] The polymer is produced by exposing carbon monoxide to high pressures. 
The structure of the solid appears amorphous, but may include a zig zag of equally spaced CO groups.[2] 
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Formation[edit]
Poly-CO can be produced at pressures of 5.2 GPa; it is amorphous and yellow to dark red in color.[3] 
Polymerisation is catalysed by blue light at slightly lower pressures in the δ-phase of solid CO.[4] Another 
white, crystalline phase can be made at higher temperatures at 6 or 7 GPa.[1] 

R. J. Mills discovered this solid, which was first produced in a tungsten carbide anvil in 1947. Originally this 
was thought to be polymeric carbon suboxide, but the formation does not yield any gas byproduct such as 
carbon dioxide.[5] The yield of the solid can be up to 95%.[6] 

Properties[edit]
The polymer is stable above about 80K. Below this temperature the ε form of solid molecular CO is formed 
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instead. When the pressure is released the polymer remains stable at atmospheric pressure. The solid 
dissolves in water, alcohol and acetone.[5] When exposed to the atmosphere it is hygroscopic, becomes 
gluey, and changes colour, becoming darker.[6] The reaction with water produces carboxylic groups.[7]  [8]   

The solid stores a high energy. It can decompose explosively forming glassy carbon and carbon dioxide.[6] 
The energy density stored can be up to 8 kJ/g. During the decomposition the temperature can be 2500K.[6] 
The density is 1.65 gcm−3, however most of the solid produced is porous, so the true density is likely to be 
higher.[6] 

Infrared spectroscopy shows bands at 650, 1210, 1440, 1650 and 1760 cm−1. The 1760 band is likely to be 
due to the -C-(C=O)-C- structure.[4] The 1600 is due to vibration of a C=C double bond.[6] 

The solid is electrically insulating with an electronic gap energy of 1.9 eV.[4] 

Nuclear magnetic resonance for the material made from 13CO shows sharp resonance at 223 ppm due to ester
or lactone attached carbon, and 151 ppm due to C=C double bonds. There is also broad resonance at 109 and 
189 ppm. Over time of a few days, the 223 ppm peak reduces and all the other features increase in strength.
[6] 

Structure[edit]
Ideas of the structure include a zig zag chain of CO pointing in opposite directions, or five atom rings 
connected by CO and C-C bonds. The rings are lactones of tetronic acid: -C:-(C=O)-(C-O-)-(C=O)-O-. 
Interconnections between the rings are zig zags of CO.[4] 

Other ideas of the structure of the solid, include graphitic carbon with carbon dioxide under pressure, and a 
polymer with this C3O2 monomer: -(C=O)-O-(C-)=C<. Yet other ideas are that the solid is the same as the 

polymer of carbon suboxide with oxalic anhydride.[9] 

References[edit]
1. ^ Jump up to:   a   b Rademacher, N.; L. Bayarjargal; W. Morgenroth; B. Winkler; J. Ciezak-Jenkins 

(2011). "Preparation and characterization of solid carbon monoxide at high pressure in the diamond 
anvil cell" (PDF). Retrieved 30 May 2013. 

2.  ̂   Podeszwa, Rafał; Rodney J. Bartlett (2003). "Crystal orbital study of polycarbonyl". International 
Journal of Quantum Chemistry. 95 (4–5): 638–642. doi:10.1002/qua.10655. ISSN 0020-7608. 

3.  ̂   Rademacher, Nadine; Lkhamsuren Bayarjargal; Wolfgang Morgenroth; Jennifer Ciezak-Jenkins; 
Sasha Batyrev; Björn Winkler. "High Pressure Investigations of Liquid and Polymerized CO up to 20
GPa Using Pair Distribution Function Analysis" (PDF). Retrieved 30 May 2013. 

4. ^ Jump up to:   a   b c d Bernard, Stephane (Feb 1998). "DECOMPOSITION AND POLYMERIZATION 
OF SOLID CARBON MONOXIDE UNDER PRESSURE" (PDF). Trieste. Retrieved 30 May 2013. 

5. ^ Jump up to:   a   b Mills, R. L.; D. Schiferl; A. I. Katz; B. W. Olinger (1984). "NEW PHASES AND 
CHEMICAL REACTIONS IN SOLID CO UNDER PRESSURE" (PDF). Le Journal de Physique 
Colloques. 45 (C8): C8–187–C8–190. doi:10.1051/jphyscol:1984833. ISSN 0449-1947. 

6. ^ Jump up to:   a   b c d e f g Lipp, Magnus J.; William J. Evans, Bruce J. Baer, Choong-Shik Yoo; Baer, 
Bruce J.; Yoo, Choong-Shik (2005). "High-energy-density extended CO solid" (PDF). Nature 
Materials. 4 (3): 211–215. Bibcode:2005NatMa...4..211L. doi:10.1038/nmat1321. ISSN 1476-1122. 
PMID 15711555.CS1 maint: multiple names: authors list (link) 

7.  ̂   Ceppatelli, Matteo; Anton Serdyukov; Roberto Bini; Hans J. Jodl (2009). "Pressure Induced 
Reactivity of Solid CO by FTIR Studies". The Journal of Physical Chemistry B. 113 (19): 6652–6660.

https://en.wikipedia.org/wiki/Category:CS1_maint:_multiple_names:_authors_list
https://pubmed.ncbi.nlm.nih.gov/15711555
https://en.wikipedia.org/wiki/PMID_(identifier)
https://www.worldcat.org/issn/1476-1122
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1038%2Fnmat1321
https://en.wikipedia.org/wiki/Doi_(identifier)
https://ui.adsabs.harvard.edu/abs/2005NatMa...4..211L
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://dco.gl.ciw.edu/sites/dco.gl.ciw.edu/files/Lipp%20Nat%20Mat%202005.pdf
https://www.worldcat.org/issn/0449-1947
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1051%2Fjphyscol%3A1984833
https://en.wikipedia.org/wiki/Doi_(identifier)
http://hal.archives-ouvertes.fr/docs/00/22/43/33/PDF/ajp-jphyscol198445C833.pdf
http://hal.archives-ouvertes.fr/docs/00/22/43/33/PDF/ajp-jphyscol198445C833.pdf
http://streaming.ictp.trieste.it/preprints/P/98/010.pdf
http://streaming.ictp.trieste.it/preprints/P/98/010.pdf
http://www.dxcicdd.com/13/abstracts/D-26.pdf
http://www.dxcicdd.com/13/abstracts/D-26.pdf
https://www.worldcat.org/issn/0020-7608
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1002%2Fqua.10655
https://en.wikipedia.org/wiki/Doi_(identifier)
http://photon-science.desy.de/annual_report/files/2011/20111732.pdf
http://photon-science.desy.de/annual_report/files/2011/20111732.pdf
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&action=edit&section=4
https://en.wikipedia.org/wiki/Oxalic_anhydride
https://en.wikipedia.org/wiki/Carbon_suboxide
https://en.wikipedia.org/wiki/Tetronic_acid
https://en.wikipedia.org/wiki/Lactone
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&action=edit&section=3
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Energy_density


doi:10.1021/jp900586a. ISSN 1520-6106. PMID 19368397. 
8.  ̂   Katz, Allen I.; David Schiferl; Robert L. Mills (1984). "New phases and chemical reactions in solid 

carbon monoxide under pressure". The Journal of Physical Chemistry. 88 (15): 3176–3179. 
doi:10.1021/j150659a007. ISSN 0022-3654. 

9.  ̂   Lipp, M.; W. J. Evans; V. Garcia-Baonza; H. E. Lorenzana (1998). "Carbon Monoxide: 
Spectroscopic Characterization of the High–Pressure Polymerized Phase". Journal of Low 
Temperature Physics. 111 (3/4): 247–256. Bibcode:1998JLTP..111..247L. 
doi:10.1023/A:1022267115640. ISSN 0022-2291. 

Other reading[edit]
• Batyrev, I. G.; W. D. Mattson; B. M. Rice (2012). "Modeling of Early Stages of Formation of Poly-

CO". MRS Proceedings. 1405. doi:10.1557/opl.2012.345. ISSN 1946-4274. 
• Sun, Jian; Dennis D. Klug; Chris J. Pickard; Richard J. Needs (2011). "Controlling the Bonding and 

Band Gaps of Solid Carbon Monoxide with Pressure" (PDF). Physical Review Letters. 106 (14): 
145502. Bibcode:2011PhRvL.106n5502S. doi:10.1103/PhysRevLett.106.145502. ISSN 0031-9007. 
PMID 21561202.

hide

• v  
• t  
• e  

Oxocarbons

Common oxides
• CO   
• CO  

2

Exotic oxides

• CO  
3 

• CO  
4 

• CO  
5 

• CO  
6 

• C  
2O 

• C  
2O
2 

• C  
2O
3 

• C
2O
4 (1,2-Dioxetanedione and 1,3-Dioxetanedione) 

• C  
3O 

https://en.wikipedia.org/wiki/Tricarbon_monoxide
https://en.wikipedia.org/wiki/Tricarbon_monoxide
https://en.wikipedia.org/wiki/1,3-Dioxetanedione
https://en.wikipedia.org/wiki/1,2-Dioxetanedione
https://en.wikipedia.org/wiki/Oxalic_anhydride
https://en.wikipedia.org/wiki/Oxalic_anhydride
https://en.wikipedia.org/wiki/Oxalic_anhydride
https://en.wikipedia.org/wiki/Ethylene_dione
https://en.wikipedia.org/wiki/Ethylene_dione
https://en.wikipedia.org/wiki/Ethylene_dione
https://en.wikipedia.org/wiki/Dicarbon_monoxide
https://en.wikipedia.org/wiki/Dicarbon_monoxide
https://en.wikipedia.org/wiki/Carbon_hexoxide
https://en.wikipedia.org/wiki/Carbon_hexoxide
https://en.wikipedia.org/wiki/Carbon_pentoxide
https://en.wikipedia.org/wiki/Carbon_pentoxide
https://en.wikipedia.org/wiki/Carbon_tetroxide
https://en.wikipedia.org/wiki/Carbon_tetroxide
https://en.wikipedia.org/wiki/Carbon_trioxide
https://en.wikipedia.org/wiki/Carbon_trioxide
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Oxocarbon
https://en.wikipedia.org/w/index.php?title=Template:Oxides_of_carbon&action=edit
https://en.wikipedia.org/wiki/Template_talk:Oxides_of_carbon
https://en.wikipedia.org/wiki/Template:Oxides_of_carbon
https://pubmed.ncbi.nlm.nih.gov/21561202
https://en.wikipedia.org/wiki/PMID_(identifier)
https://www.worldcat.org/issn/0031-9007
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1103%2FPhysRevLett.106.145502
https://en.wikipedia.org/wiki/Doi_(identifier)
https://ui.adsabs.harvard.edu/abs/2011PhRvL.106n5502S
https://en.wikipedia.org/wiki/Bibcode_(identifier)
http://discovery.ucl.ac.uk/1305843/1/1305843.pdf
http://discovery.ucl.ac.uk/1305843/1/1305843.pdf
https://www.worldcat.org/issn/1946-4274
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1557%2Fopl.2012.345
https://en.wikipedia.org/wiki/Doi_(identifier)
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&action=edit&section=5
https://www.worldcat.org/issn/0022-2291
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1023%2FA%3A1022267115640
https://en.wikipedia.org/wiki/Doi_(identifier)
https://ui.adsabs.harvard.edu/abs/1998JLTP..111..247L
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://www.worldcat.org/issn/0022-3654
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1021%2Fj150659a007
https://en.wikipedia.org/wiki/Doi_(identifier)
https://pubmed.ncbi.nlm.nih.gov/19368397
https://en.wikipedia.org/wiki/PMID_(identifier)
https://www.worldcat.org/issn/1520-6106
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://doi.org/10.1021%2Fjp900586a
https://en.wikipedia.org/wiki/Doi_(identifier)


• C  
3O
2 

• C  
3O
3 

• C  
3O
6 

• C  
4O
2 

• C  
4O
4 

• C  
4O
6 

• C  
5O
2 

• C  
5O
5 

• C
6O
6 (Cyclohexanehexone and Ethylenetetracarboxylic dianhydride) 

• C  
8O
8 

• C  
9O
9 

• C  
10O
8 

• C  
10O
10 

• C  
12O
6 

• C  
12O
9 

• C  
12O
12

Polymers • Graphite oxide   
• C  3O2 

• CO 

https://en.wikipedia.org/w/index.php?title=Polymeric_carbon_suboxide&action=edit&redlink=1
https://en.wikipedia.org/wiki/Graphite_oxide
https://en.wikipedia.org/wiki/Hexahydroxybenzene_trisoxalate
https://en.wikipedia.org/wiki/Hexahydroxybenzene_trisoxalate
https://en.wikipedia.org/wiki/Hexahydroxybenzene_trisoxalate
https://en.wikipedia.org/wiki/Mellitic_anhydride
https://en.wikipedia.org/wiki/Mellitic_anhydride
https://en.wikipedia.org/wiki/Mellitic_anhydride
https://en.wikipedia.org/wiki/Hexaoxotricyclobutabenzene
https://en.wikipedia.org/wiki/Hexaoxotricyclobutabenzene
https://en.wikipedia.org/wiki/Hexaoxotricyclobutabenzene
https://en.wikipedia.org/wiki/Tetrahydroxy-1,4-benzoquinone_bisoxalate
https://en.wikipedia.org/wiki/Tetrahydroxy-1,4-benzoquinone_bisoxalate
https://en.wikipedia.org/wiki/Tetrahydroxy-1,4-benzoquinone_bisoxalate
https://en.wikipedia.org/wiki/Benzoquinonetetracarboxylic_dianhydride
https://en.wikipedia.org/wiki/Benzoquinonetetracarboxylic_dianhydride
https://en.wikipedia.org/wiki/Benzoquinonetetracarboxylic_dianhydride
https://en.wikipedia.org/wiki/Hexahydroxybenzene_triscarbonate
https://en.wikipedia.org/wiki/Hexahydroxybenzene_triscarbonate
https://en.wikipedia.org/wiki/Hexahydroxybenzene_triscarbonate
https://en.wikipedia.org/wiki/Tetrahydroxy-1,4-benzoquinone_biscarbonate
https://en.wikipedia.org/wiki/Tetrahydroxy-1,4-benzoquinone_biscarbonate
https://en.wikipedia.org/wiki/Tetrahydroxy-1,4-benzoquinone_biscarbonate
https://en.wikipedia.org/wiki/Ethylenetetracarboxylic_dianhydride
https://en.wikipedia.org/wiki/Cyclohexanehexone
https://en.wikipedia.org/wiki/Cyclopentanepentone
https://en.wikipedia.org/wiki/Cyclopentanepentone
https://en.wikipedia.org/wiki/Cyclopentanepentone
https://en.wikipedia.org/wiki/Pentacarbon_dioxide
https://en.wikipedia.org/wiki/Pentacarbon_dioxide
https://en.wikipedia.org/wiki/Pentacarbon_dioxide
https://en.wikipedia.org/wiki/Dioxane_tetraketone
https://en.wikipedia.org/wiki/Dioxane_tetraketone
https://en.wikipedia.org/wiki/Dioxane_tetraketone
https://en.wikipedia.org/wiki/Cyclobutanetetrone
https://en.wikipedia.org/wiki/Cyclobutanetetrone
https://en.wikipedia.org/wiki/Cyclobutanetetrone
https://en.wikipedia.org/wiki/Tetracarbon_dioxide
https://en.wikipedia.org/wiki/Tetracarbon_dioxide
https://en.wikipedia.org/wiki/Tetracarbon_dioxide
https://en.wikipedia.org/wiki/1,3,5-Trioxanetrione
https://en.wikipedia.org/wiki/1,3,5-Trioxanetrione
https://en.wikipedia.org/wiki/1,3,5-Trioxanetrione
https://en.wikipedia.org/wiki/Cyclopropanetrione
https://en.wikipedia.org/wiki/Cyclopropanetrione
https://en.wikipedia.org/wiki/Cyclopropanetrione
https://en.wikipedia.org/wiki/Carbon_suboxide
https://en.wikipedia.org/wiki/Carbon_suboxide
https://en.wikipedia.org/wiki/Carbon_suboxide


• CO  2

Compounds derived from oxides

• Metal carbonyls   
• Carbonic acid   
• Bicarbonates   
• Carbonates   
• Dicarbonates   
• Tricarbonates  

Retrieved from "https://en.wikipedia.org/w/index.php?title=Polycarbonyl&oldid=980802495"

Categories: 

• Oxocarbons  
• Explosive chemicals  
• Explosive polymers  

Hidden categories: 

• CS1 maint: multiple names: authors list  

Navigation menu

Personal tools 

• Not logged in
• Talk  
• Contributions  
• Create account  
• Log in  

Namespaces 

• Article  
• Talk  

Variants expanded collapsed 

Views 

• Read  
• Edit  
• View history  

More expanded collapsed 

Search 

https://en.wikipedia.org/w/index.php?title=Polycarbonyl&action=history
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&action=edit
https://en.wikipedia.org/wiki/Polycarbonyl
https://en.wikipedia.org/wiki/Talk:Polycarbonyl
https://en.wikipedia.org/wiki/Polycarbonyl
https://en.wikipedia.org/w/index.php?title=Special:UserLogin&returnto=Polycarbonyl
https://en.wikipedia.org/w/index.php?title=Special:CreateAccount&returnto=Polycarbonyl
https://en.wikipedia.org/wiki/Special:MyContributions
https://en.wikipedia.org/wiki/Special:MyTalk
https://en.wikipedia.org/wiki/Category:CS1_maint:_multiple_names:_authors_list
https://en.wikipedia.org/wiki/Category:Explosive_polymers
https://en.wikipedia.org/wiki/Category:Explosive_chemicals
https://en.wikipedia.org/wiki/Category:Oxocarbons
https://en.wikipedia.org/wiki/Help:Category
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&oldid=980802495
https://en.wikipedia.org/wiki/Tricarbonate
https://en.wikipedia.org/wiki/Dicarbonate
https://en.wikipedia.org/wiki/Carbonate
https://en.wikipedia.org/wiki/Bicarbonate
https://en.wikipedia.org/wiki/Carbonic_acid
https://en.wikipedia.org/wiki/Metal_carbonyl
https://en.wikipedia.org/w/index.php?title=Polymeric_carbon_dioxide&action=edit&redlink=1


   

Navigation 

• Main page  
• Contents  
• Current events  
• Random article  
• About Wikipedia  
• Contact us  
• Donate  

Contribute 

• Help  
• Learn to edit  
• Community portal  
• Recent changes  
• Upload file  

Tools 

• What links here  
• Related changes  
• Upload file  
• Special pages  
• Permanent link  
• Page information  
• Cite this page  
• Wikidata item  

Print/export 

• Download as PDF  
• Printable version  

Languages

Add links
• This page was last edited on 28 September 2020, at 15:08 (UTC). 
• Text is available under the Creative Commons Attribution-ShareAlike License; additional terms may 

apply. By using this site, you agree to the Terms of Use and Privacy Policy. Wikipedia® is a 
registered trademark of the Wikimedia Foundation, Inc., a non-profit organization. 

• Privacy policy   
• About Wikipedia   
• Disclaimers   

Search Go

https://en.wikipedia.org/wiki/Wikipedia:General_disclaimer
https://en.wikipedia.org/wiki/Wikipedia:About
https://foundation.wikimedia.org/wiki/Privacy_policy
https://www.wikimediafoundation.org/
https://foundation.wikimedia.org/wiki/Privacy_policy
https://foundation.wikimedia.org/wiki/Terms_of_Use
https://en.wikipedia.org/wiki/Wikipedia:Text_of_Creative_Commons_Attribution-ShareAlike_3.0_Unported_License
https://www.wikidata.org/wiki/Special:EntityPage/Q16821498#sitelinks-wikipedia
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&printable=yes
https://en.wikipedia.org/w/index.php?title=Special:DownloadAsPdf&page=Polycarbonyl&action=show-download-screen
https://www.wikidata.org/wiki/Special:EntityPage/Q16821498
https://en.wikipedia.org/w/index.php?title=Special:CiteThisPage&page=Polycarbonyl&id=980802495&wpFormIdentifier=titleform
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&action=info
https://en.wikipedia.org/w/index.php?title=Polycarbonyl&oldid=980802495
https://en.wikipedia.org/wiki/Special:SpecialPages
https://en.wikipedia.org/wiki/Wikipedia:File_Upload_Wizard
https://en.wikipedia.org/wiki/Special:RecentChangesLinked/Polycarbonyl
https://en.wikipedia.org/wiki/Special:WhatLinksHere/Polycarbonyl
https://en.wikipedia.org/wiki/Wikipedia:File_Upload_Wizard
https://en.wikipedia.org/wiki/Special:RecentChanges
https://en.wikipedia.org/wiki/Wikipedia:Community_portal
https://en.wikipedia.org/wiki/Help:Introduction
https://en.wikipedia.org/wiki/Help:Contents
https://donate.wikimedia.org/wiki/Special:FundraiserRedirector?utm_source=donate&utm_medium=sidebar&utm_campaign=C13_en.wikipedia.org&uselang=en
https://en.wikipedia.org/wiki/Wikipedia:Contact_us
https://en.wikipedia.org/wiki/Wikipedia:About
https://en.wikipedia.org/wiki/Special:Random
https://en.wikipedia.org/wiki/Portal:Current_events
https://en.wikipedia.org/wiki/Wikipedia:Contents
https://en.wikipedia.org/wiki/Main_Page


• Contact Wikipedia   
• Mobile view   
• Developers   
• Statistics   
• Cookie statement   
• Edit preview settings  

•  

•  

https://foundation.wikimedia.org/wiki/Cookie_statement
https://stats.wikimedia.org/#/en.wikipedia.org
https://www.mediawiki.org/wiki/Special:MyLanguage/How_to_contribute
https://en.m.wikipedia.org/w/index.php?title=Polycarbonyl&mobileaction=toggle_view_mobile
https://en.wikipedia.org/wiki/Wikipedia:Contact_us
https://wikimediafoundation.org/
https://www.mediawiki.org/

	Contents
	Formation[edit]
	Properties[edit]
	Structure[edit]
	References[edit]
	Other reading[edit]
	Navigation menu
	Personal tools
	Namespaces
	Variants expanded collapsed
	Views
	More expanded collapsed
	Search
	Navigation
	Contribute
	Tools
	Print/export
	Languages


	search: 
	fulltext: 
	go: 


