Unusual oxidation numbers in some radicalic molecules
NuUmeros de oxidacion inusuales en las moléculas radicalicas
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Abstract given substance. So, for instance, the oxidation number of carbon in
It is generally agreed that a non-integer oxidation number may not be given to mrethylpropane (isobutane) turns out to be -2.5, a value that averages a -3
element, unless it is present with more than one atom per molecule (or formula ufgt) each of the three primary carbon atoms with a -1 for the only tertiary
in a given substance. Yet, the examples discussed in this paper, concerning someagme- Other examples, not taken from organic chemistry, might be the +2.5
metallic oxide radicals, seem to provide exceptions to the above statement and theré@resulfur ina tetrathionate ion, or the -1/3 for nitrogen in hydrogen azide.
further bits of evidence that some assumptions in the oxidation number theory may balitrogen dioxide, NQ seems to provide an exception to the above
objectionable. Some didactic implications are also discussed. The assignmenstaitement. Actually, it's a triatomic angular molecule that can be repre-
oxidation numbers cannot be a mere numerical exercise, but contact must be mganted as a resonance hybrid between two pairs of canonical structures

tained with chemical reality. (fig. 1), where the unpaired electron can be “placed” on either the nitrogen,

Key words oxidation number, radicals, non-metallic oxides, mental models. or the oxygen, atoms. The central atom can be thought of sg aybrid
(Lacowski, 1973).

Resumen N N

Se sabe que un nimero de oxidacion no entero, no se puede atribuir a un elemen Q)i!ﬁ/ \O O/ \O Q/N\é é/N\O

gue esté presente con mas de un &tomo por molécula (o por formula unitaria) enjuna
sustancia. Sin embargo, los ejemplos analizados en este trabajo, concernientes a
algunos éxidos no metalicos radicalicos, demuestran aparentemente excepciones alo la 1b 2a 2b
antes afirmado, evidenciando ademas que alguna de las asunciones de la teoria del . . )
nimero de oxidacion pueda ser opinable. En el trabajo se analizan también unadf the odd electron is thought of as placed on the nitrogen atom, nitrogen

implicaciones didacticas. La atribucion del nimero de oxidacion no tiene que ser Jﬁéﬂes the oxidation number, +4, while both the dOL!b|e-b0nded and th?

pura tarea numérica, pero tal nimero tiene que relacionarse con la realidad quimigtative-oonded oxygen atoms take -2, as usual. But if the odd electron is

onsidered to belong to one of the oxygen atoms, nitrogen takes +3, and
e oxygen atoms -1.5, as an average of -2 for the double-bonded, and -1
for the single-bonded, oxygens.

Therefore, the correct oxidation numbers in N@em to be halfway
between +4 and +3 for nitrogen, and between -2 and -1.5 for oxygen,
INTRODUCTION depending on the weight of the two kinds of canonical structures in the real

Chemistry is perceived as a difficult topic by our students, who quit@olecule.
often regard courses in general chemistry as unusually challenging. NoSimilar considerations apply for the dioxide radicals, Gi6d BrQ as
matter how skilled the teacher, students develop misconceptions, aset|. '
ported in the literature @Ber, 1996). In education, there is unanimous
agreement with David Ausubel's statement: “The most important singl2lSCUSSION

fa_ctor inﬂuencing Iearning_is what the learner already knows. Ascertain ag regards the elements in ly@heir oxidation numbers should prob-
this and teach him accordingly” @k & Gowin, 1984). ably be thought of as much closer to +4 and -2, respectively, owing to the
_Neverth(_eless, there are topics, such as_those related to the worldaet that in 0,, the dimer form of NQ is not peroxide. Also the bond
microchemistry that can only be understood in terms of a series of progrggle value (ca. 134°) (@, 1956) seems more in accordance with having
sive transitions between abstract mental models of varying complexity odd electron on the nitrogen. Actually, a single pair on the nitrogen
explanatory power (z, 1993). Maybe for this reason also, the concepiyould have caused an angle narrower than 120°, which is the canonical
of oxidation numbers is seen by our students (and some teachers t00) afifle for a perfecsp? hybridization, whereas, if only one electron is
bit artificial, a numerical exercise. In a study carried out on Hungarian hlg;ﬂesem in the non-bondirgp? orbital, the repulsion between the 6 bond-
school students, it was found that only a minority of them balance redpy electron pairs would be greater than the repulsion between a 6 pair and
equations by using oxidation numbers(d, 2001). __the odd electron. Furthermore, if Ni® thought of as having originated by
Yet, Woolf rightly warns that the oxidation number “is a useful teachingsmoving an electron from the nitrite ion NOwhere all the electrons are

device provided that it is not treated as a purely numerical exercise, afired, then it is more likely that the electron would be withdrawn from the
rather, that contact is maintained with chemical reality’o@¢¢, 1988), |ess electronegative atom, i.e., nitrogen.

Palabras clavenimero de oxidacion, radicales, 6xidos no metélicos, modelos me,
tales.

and we agree with him about this point. Yet, formal charge considerations would lead to giving a not insignifi-
cant weight to the structures where the odd electron is placed on either
UNUSUAL OXIDATION NUMBERS oxygen (Gosy, 2003). In addition, the relatively low reactivity of the

} o ~radical NQ molecule, as well as data from esr measurementsiNg

There is not a general consensus about the definition of oxidatiokeen, et af,1962; Arkins & Symons,1962; ZLpes & LivinesTon, 1961),
reduction; yet we agree that “the only logically consistent definition ofeem to support the opinion that the contribution of either kind of structure
oxidation-reduction is one in which the concept is defined in terms of th@ould be quite negligible flcowski, 1973; HiHeey, 1972).
change of oxidation states. The oxidation states are defined in terms ofAs for CIO,, it is stable towards dimerization: its reluctance to dimerize
rules which are recognised as largely arbitraryisig® & VanoerRWERF,  probably stems from the localizing of the unpaired electron on both the
1980). One of these rules states that the electrons shared betweendMigrine and oxygen atoms ¢ins & Apams, 1973). In addition, esr
mutually bonded atoms must be considered as totally (and not partiafyasurements indicate a not negligible spin density on the oxygensA
gained by the more, and totally lost by the less, electronegative atom.Bgvari, et al, 1962).
other words, although it is well known that charge separation along po
covalent bonds is partial, the oxidation number theory assumes it is co -NCLU_SIONSAND IMP_UCAT'ONS FOR TEACHlN_G )
plete and regards all the bonds between atoms of unlike elements as totalfhe oxidation number is essentially a “bookkeeping” concept useful in
ionic. Therefore, oxidation numbers are usually integers, and it is generdiiglancing the equations describing redox reactions. From this standpoint,
agreed that a non-integer oxidation number may be given to an elemgheuld a substance such as Néke part in a redox reaction, what is really
only if two or more atoms are present per molecule (or formula unit) inigportant is that the sum of the oxidation numbers of all the atoms belong-
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ing to the molecule is zero, regardless of their actual values. It is unrealigtigins, P.W.; Keen, N. & Srmons, M.C.R. (1962). Oxides and Oxyions of the Non-
to expect students at an early stage to deduce the arrangement of atoms justetals. Part 1. CQand NQ. Journal of the Chemical Societ§873-2880.
from condensed formulae. Many students not only find it difficult to mainaruns, P.W. & Smons, M.C.R. (1962). Oxides and Oxy-ions of the Non-metals.
tain contact with chemical reality, but even to write Lewis structuneso(® Part IV. Nitrogen Derivativeslournal of the Chemical Socig®794-4797,.

et al, 1990). BirD, G.R. (1956). Microwave Spectrum of M@ Rigid Rotor analysisthe Journal
For a minority of high-level students who might be interested in this' ' bﬁte(mical)bhysicszs ) 2040_1043.2 g Yo

e s eaain, Lot ol e e Mo 3. WS 1N, & s 1. (190) Lows St

: i . . ' - Skills: Taxonomy and Difficulty Levelslournal of Chemical Educatio67 (6),

tion system relies on a given number of axioms and (somewhat arbitrary) g, /g4

rules, which in some cases may show inconsistencies. In particular, one_of ' i ) ) -

these axioms states that, when atoms share electrons and covalent bBRYYS A-J & Aoaus, C.J.Chlorine, Bromine, lodine and Astatinz Comprehen-

are formed, the above assignations are made “on the basis of some perfectiVe Inorganic Chemistry, vol. A.F. Torman-Dickensonet al. (eds.), Pergamon

or approximate separation of ariegral number of electrons” ékGENSEN Press: Oxford, UK, 1973, chap. 26, 1369.

1969). It follows that “nonintegral oxidation numbers may usually bHUHeEY, J.E. (1972)Inorganic Chemistry Harper & Row: New York, USA, 127

explained as being averages of reasonable assignments of oxidation num-(footnote).

bers to individual atoms” (@neHarT, 1952), where “reasonable” prob- Jereensey C.K. (1969).Oxidation numbers and oxidation stat&pringer-Verlag:

ably means, or refers to, integral values (and word “usually”, not clarified Berlin.

by the author in the further course of his article, possibly leaves the de@sowski, J.J. (1973)Modern Inorganic ChemistryMarcel Dekker: New York,

not completely closed to possibilities such as those we pointed out in the USA, 399.

present paper). ) ) Niaz, M. (1993). “Progressive Problemshifts” Between Different Research Programs
We show here that, if a molecule has to be described by means of i, science Education: A Lakatosian Perspecticeirnal of Research in Science

several resonant structures, such that the different “locations” of the elec- Teaching 30 (7), 757-765.

trons may produce d”fefe”t Oxidati_on numbe_rs for the same atom, .“N8VAK, J.D. & Gowin, D.B. (1984).Learning how to learnCambridge University
atom might have to be given a non-integer oxidation number, even if it'is 5 ... Cambridge, NY, 40.

the only atom of that element present in the molecule. . e
This result is in contradiction with the above quoted statements 8FTOSE'E‘E':V'@EREEE$’;;E’ g}gg&ig?ﬁ;ﬁgofgggah(i:nh?ngtsz:gf'oﬁic'?:r]rceung
Jargensen and Swinehart (for the latter author, at least partly), and points 140 g n g T '

out that some of the rules concerning oxidation number assignments may o _
be objectionable. SISLER, HH & VANF)ERWERF, C.A. (198_0). Omdatlpn-reductlon. An example of

In summary, this paper does not recommend changing the set of rules, chemical sophistrydournal of Chemical Education? (1), 42-44, 44.
which is largely self-consistent. It just wants to make teachers more aw&renerarr, D.F. (1952). More on Oxidation numbedwurnal of Chemical Educa-
of both the rules’ limitations and the criticism that some of them might tion, 29 (6), 284-285.
receive from people who are more deeply concerned with the subjectTAter, K.S. (1996). Chlorine is an oxide, heat causes molecules to melt, and sodium
would also warn teachers about the problems that could arise if molecules reacts badly in chlorine: a survey of the background knowledge of one A-level
such as those dealt with in the paper were chosen to illustrate the subject of chemistry classSchool Science RevigW8 (282), 39-47.
oxidation numbers in the classroom. Obviously, these problems and thgw, z. (2001). Students’ Strategies and Misconceptions in Balancing Chemical
discussion that they could stimulate would be welcome in a class of stu- Equations. Implications for Classroom Practice. 6th ECRICE, Aveiro: Abstracts,
dents who are proficient in the subject. 59-61.

Wootr, A.A. (1988). Oxidation Numbers and Their Limitatiodsurnal of Chemical
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