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Chemistry for Everyone

Scientists coin words to describe concepts or entities so as 
to communicate better with one another. New nomenclature 
also helps to systematize knowledge by assigning collective 
names to related phenomena or material objects. The present 
paper illuminates the history and origin of the words pnictogen 
(or pnigogen) and pnictide, which are commonly used as collec-
tive names for the elemental and anionic forms, respectively, of 
the group 15 elements nitrogen, phosphorus, arsenic, antimony, 
and bismuth. According to a search in the Chemical Abstracts 
database SciFinder, these terms appear in over 300 papers each 
year, a frequency not far from the ~1000 papers per year that 
use the similar terms chalcogen and chalcogenide for the group 16 
elements. Despite the widespread use of the terms pnictogen and 
pnictide, their origin and meaning are not well known.

Group Names for Other Post-Transition Elements

Two other names for groups of posttransition elements, 
halogen and chalcogen, are long established. The word halogen, 
from the Latin for “salt-former”, made its first appearance in 
1811, when German chemist and editor Johann Schweigger 
(1779–1857) proposed it (1) as a better term for the elemental 
substance that a few months earlier had been given the name 
chlorine by the English chemist Humphry Davy (1778–1829). 
Over the next decade or so, this meaning of halogen—as a 
synonym of chlorine—enjoyed some currency, especially in 
publications from Germany. In 1825, however, the Swedish 
chemist Jöns Jacob Berzelius (1779–1848) proposed a different 
use for the word halogen (2): to describe the group of elements 
fluorine, chlorine, and iodine (to which bromine was added af-
ter its discovery in 1826). Subsequent translations of Berzelius’s 
article—and also of his influential textbook Lärbok i Kemien 
(3) and annual yearbook Årsberättelse om Framstegen i Fysik och 
Kemi (4), both of which reiterated the proposal—were in large 
part responsible for the widespread acceptance of this new defi-
nition of halogen (and of many other ideas, such as Berzelius’s 
one- and two-letter symbols for the chemical elements).

For the group 16 elements, the word chalcogen was first 
proposed in 1932 by Werner Fischer, a co-worker of Wilhelm 
Biltz (1877–1943), the director of the Institute of Inorganic 
Chemistry at the University of Hannover, Germany (5). At the 
age of 99, Fischer himself resolved a long-standing uncertainty 
about the etymology and origin of the term in an article pub-
lished in 2001: he derived it from chalcos, which is old Greek 
for the word “ore” (6).

The History behind the Names Pnictogen and Pnictide

Etymologies of the terms pnictogen and pnictide have been 
the source of considerable uncertainty. For example, a 1972 
review series on inorganic chemistry contained the statement 
that pnictide is an acronym derived from Phosphorus, Nitro-
gen, arsenIC and antimonIDE (7). In contrast, a 1969 article 
asserted, without attribution, that pnicogen (a variant spelling) 
and pnictide were derived from a Greek root meaning “choking”, 

or “suffocation” (8). A 1978 paper noted that the acronymic 
origin was widely believed, but that the Greek origin was more 
probable (9). This latter paper also commented that the coiner 
of the terms was unknown.

Pnictogen and pnictide are in fact derived from Greek, 
and the following information fills in the details. The very first 
appearance of these terms was in a 1961 article on transition 
metal arsenides in the Canadian Journal of Chemistry. The first 
footnote of this article stated (10):

The terms pnigogen and pnictide have been suggested by 
Prof. A. E. van Arkel for the elements and compounds of the 
nitrogen family, N, P, As, Sb, and Bi. The root is the Greek 
word to choke, and the allusion to the Germanic name for 
nitrogen, Stickstoff, or choking gas.
A later paper by the same research group mentioned that 

van Arkel also suggested the use of the letters Y and Z, respec-
tively for chalcogen and pnigogen atoms (and their anions), in 
analogy to the common use of the letter X to represent halogen 
atoms and anions (11).

In 1952–1953, Anton Eduard van Arkel (1893–1976) 
was a visiting scientist (12) at the National Research Council 
in Ottawa, Canada, working in the laboratory of the physical 
chemist (13) E. Alison Flood (1904–1979). While there, van 
Arkel gave a series of lectures. R. Don Heyding (1925–), one of 
the coauthors of the 1961 paper and later a professor of chem-
istry at Queen’s University, Canada, was an NRC postdoctoral 
fellow in Flood’s group at the time. He confirmed that the terms 
originated in these lectures (12).

In one of the many discussions, as an aside, van Arkel said he 
had found it curious that there were generic names for the 
elements of groups VII and VI, but none for group V. So 
he had spoken to a colleague in the Department of Classics 
(or the equivalent thereof ) at the University of Leiden (no 
doubt over a glass of jenever) asking him if he could sug-
gest a name to encompass the family. They settled on the 
general characteristic of “choking” (certainly true for P and 
perhaps As)…. Perhaps the Greek/Dutch interplay was on 
the word “suffocate”, and the word “choke” was a translation 
from Dutch to English (by van Arkel). I have always used 
“choke” in describing the root of the words, [but] “suffocate” 
is much better.
van Arkel, who was an employee of the Philips Company 

in The Netherlands and later holder of the chair in inorganic 
chemistry at Leiden University, wrote several influential books 
on chemical bonding in inorganic substances, championing 
an electrostatic point of view (14). He is best known for his 
development of a commercial process for the purification of 
metals such as titanium by the thermal decomposition of their 
halides at high temperatures, a method that is often referred to 
as the van Arkel (or van Arkel–de Boer) process (15). He also 
proposed the van Arkel triangular bonding diagram, in which 
substances are classified according to their positions on a triangle 
whose three corners represent different extremes of bonding: 
ionic, covalent, and metallic (16, 17).
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Interestingly, van Arkel himself never used the terms 
pnigogen or pnictide in print. In neither edition of the published 
version of his lectures at the NRC (18), nor in any of van Arkel’s 
other publications, do the words pnigogen or pnictide appear. For 
example, his book Molecules and Crystals in Inorganic Chemistry 
(19), uses the words chalcogen and halogen but not his terms for 
the group 15 elements.

Use, Standardization, and Acceptance  
of the Terms Pnictogen and Pnictide

According to the 1961 article in the Canadian Journal of 
Chemistry, van Arkel originally proposed the word pnigogen 
for the elemental form of the group 15 elements. This spelling 
predominated before about 1970 yet was almost never used by 
1990, having been displaced by pnicogen or pnictogen. As in 
halogen and chalcogen, the suffix -gen derives from the Greek 
word gennao, “to produce”. The Greek verb pnigo means “to 
choke, stifle, or suffocate”, and among the related nouns are 
pnigeus, “smotherer”, and pnikta, “strangled or suffocated things”. 
The sense of suffocating is appropriate on chemical grounds, and 
directly relates to the inability of gaseous nitrogen to support life 
or combustion, as reflected in the respective German and French 
names for nitrogen: Stickstoff, or “suffocating substance”, and 
azote, or “without life”. In aquatic ecosystems, both nitrogen and 
phosphorus compounds can have an indirect suffocating effect 
on fish, shellfish, and aquatic insects and plants by promoting the 
overgrowth of bacteria that use up dissolved oxygen.

Of all the variant words for the group 15 elements, the 
terms pnigogen and pnictogen are both appropriate and signify, 
more or less, “suffocator maker”. Pnicogen (without the letter t), 
however, is wholly inappropriate because it does not reflect the 
proper etymology (20). The word pnictine has also been used 
as a collective name for the elemental forms of the group 15 
elements (21), but this word is better reserved for compounds 
of the type EX3 (22).

The International Union of Pure and Applied Chemistry 
(IUPAC), which has long endorsed the use of the terms halogen 
and chalcogen, explicitly declared in 1970 that the use of the col-
lective names pnicogen and pnictide was not approved (23). This 
decision was accompanied by the suggestion that, if group names 
are needed, they should be triels (B, Al, Ga, In, and Tl), tetrels 
(C, Si, Ge, Sn, and Pb) and pentels (N, P, As, Sb, and Bi), and 
that trielide, tetrelide, and pentelide, respectively, be used for the 
corresponding binary compounds (24). The latter three terms 
have largely been ignored, however, and at present they appear 
in fewer than 10 papers per year. IUPAC’s injunction against the 
use of pnictogen and its variants persisted for the next 35 years, 
but IUPAC has now reversed its previous opinion. In the 2005 
revision of its recommendations on inorganic nomenclature 
(25), IUPAC endorsed the terms pnictogen and pnictides for the 
elements and compounds of group 15.

Acknowledgments

I thank R. D. Heyding for his invaluable assistance.

Literature Cited

	 1.	 Schweigger, J. S. C. J. Chem. Phys. 1811, 3, 249–255.
	 2.	 Berzelius, J. J. K. Vetensk. Acad. Handl. 1825, 232–323.

	 3.	 Berzelius, J. J. Lärbok i Kemien; H. A. Nordström: Stockholm, 
1808. Translated into many languages, this text was later pub-
lished as (among others) Lehrbuch der Chemie; Arnold: Dresden, 
1825; Vol. 1, p 262.

	 4.	 Berzelius, J. J. Årsberättelse om Framstegen i Fysik och Kemi; Nor-
stedt and Sons: Stockholm, 1826; Vol. 5, p 187. Jahres-Bericht 
über die Fortschritte der Physischen Wissenschaft; Laupp: Tübingen, 
1826; Vol. 5, p 185.

	 5.	 Fischer, W. Chem. Ber. 1949, 82, lxxxix–cxiii.
	 6.	 Fischer, W. J. Chem. Educ. 2001, 78, 1333. See also Jensen, W. B. 

J. Chem. Educ. 1997, 74, 1063–1064.
	 7.	 Dell, R. M.; Bridger, N. J. In MTP International Review of Science, 

Inorganic Chemistry Series One, Emeleus, H. J. Consulting Ed.; 
Butterworths: London, 1972; Vol. 7, pp 211–274; see p 213.

	 8.	 Foust, A. S.; Foster, M. S.; Dahl, L. F. J. Am. Chem. Soc. 1969, 91, 
5631–5633.

	 9.	 Suchow, L. Inorg. Chem. 1978, 17, 2041.
	10.	 Heyding, R. D.; Calvert, L. D. Can. J. Chem. 1961, 39, 955–

957.
	11.	 Cranton, G. E.; Heyding , R. D. Can. J. Chem. 1965, 43, 

2027–2032.
	12.	 Heyding, R. D. Personal communication, 2002.
	13.	 Holmes, J. M. J. Colloid Interfac. Sci. 1981, 81, 292–294.
	14.	 Snelders, H. A. M. In Biografisch Woordenboek van Nederland 

2, Charité, J., Ed.; ’s-Gravenhage Instituut voor Nederlandse 
Geschiedenis: The Hague, 1985; pp 13–14.

	15.	 van Arkel, A. E.; de Boer, J. H. Z. Anorg. Allg. Chem. 1925, 148, 
345–350.

	16.	 van Arkel, A. E. Moleculen en Kristallen; van Stochum and Son: 
The Hague, 1941.

	17.	 Jensen, W. B. J. Chem. Educ. 1995, 72, 395–398.
	18.	 van Arkel, A. E. Lectures on Inorganic Chemistry; National Re-

search Council: Ottawa, 1956.
	19.	 van Arkel, A. E. Molecules and Crystals in Inorganic Chemistry, 

2nd ed.; Interscience Publishers, Inc.: New York, 1956.
	20.	 See footnote 1 in Stewart, C. A.; Arduengo, A. J. III. Inorg. Chem. 

1986, 25, 3847–3848; which also appears in Arduengo, A. J.; 
Stewart, C. A.; Davidson, F.; Dixon, D. A.; Becker, J. Y.; Culley, 
S. A.; Mizen, M. B. J. Am. Chem. Soc. 1987, 109, 627–647.

	21.	 Eschrig, H.; Antonov, V. N.; Yaresko, A. N.; Perlov, A. Ya.; Thal-
meier, P.; Fulde, P.; Oppeneer, P. M. Physica B 1999, 267–268, 
259–261.

	22.	 Krumenacker, L.; Metz, F.; Leconte, P. Eur. Pat. Appl. 0494567 
1992; Chem. Abstr. 1992, 117, 150706.

	23.	 International Union of Pure and Applied Chemistry. Nomen-
clature of Inorganic Chemistry, Definitive Rules 1970, 2nd ed.; 
Butterworths: London, 1970; p 11, Section 1.2.1.

	24.	 International Union of Pure and Applied Chemistry. Comptes 
Rendus XXV Conference, Cortina d’Ampezzo, 30 June–8 July 
1969. Oxford University Press: Oxford, 1970; p 112.

	25.	 International Union of Pure and Applied Chemistry. Nomencla-
ture of Inorganic Chemistry—IUPAC Recommendations 2005; 
Connelly, N. G., Damhus, T., Eds., Royal Society of Chemistry: 
Cambridge, 2005; pp 51–52, Section IR-3.5.

Supporting JCE Online Material
http://www.jce.divched.org/Journal/Issues/2009/Oct/abs1200.html

Abstract and keywords

Full text (PDF)
	 Links to cited JCE articles

http://www.DivChed.org/
http://www.jce.divched.org/
http://www.jce.divched.org/Journal/
http://jce.divched.org/Journal/Issues/2001/Oct/abs1333_1.html
http://jce.divched.org/Journal/Issues/1997/Sep/abs1063.html
http://jce.divched.org/Journal/Issues/1995/May/jceSubscriber/JCE1995p0395.pdf
http://www.jce.divched.org/Journal/Issues/2009/Oct/abs1200.html

