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EXPERIENCIAS Y CATEDRA

Chemistry of
Alkali Metals 2

On the Reactions of Alkali Metals with
Liquid NO, and the Nature of the Product

ABSTRACT

The reactions of sodium and potassium with liquid nitrogen(IV) oxide were performed to

check the nature of the product, that was claimed (Nekrasov, 1976) to be MNO, (M = Na, K).
Both classical chemical reactions and FT-IR spectrometry were used in the course of its analysis.
It was proved that the product was indeed nitrate, sometimes containing nitrites as impurities.
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Resumen (Quimica de los metales alcalinos.

2. Sobre las reacciones de los metales alcalinos

con NO, y la naturaleza del producto)

Las reacciones de sodio y potasio con éxido de nitrégeno(IV)
liquido fueron realizadas para confirmar la naturaleza del
producto, que fue predicha por Nekrasov (1976) como MNO,
(M = Na, K). Tanto reacciones quimicas clasicas como espec-
trometria FT-IR fueron empleadas durante el analisis. Se de-
mostr6 que el producto era nitrato, con nitrito como impure-
za, en ocasiones.

Palabras clave: Metales alcalinos, 6xido de nitrégeno(IV),
dioxido de nitrégeno, tetroxido de dinitrégeno, nitratos alca-
linos, nitritos alcalinos, espectrometria IR.

Introduction

An old general chemistry textbook (Nekrasov, 1976) con-
tained the information that upon the action of liquefied NO,
(i.e. N,O,) on sodium, a slow reaction occurred, resulting in
formation of NaNO,. This seemed as an interesting assertion,
as one could write at least two equations between NO, and
metallic sodium. Thus, the formation of NaNO, can be justi-
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(1)

However, since NO, is electron deficient, it is also possible
that a nitrite be formed, as the equation

2Na(s) + N,O, (1) = 2NaNO,(s)

Na(s) + N,O,(I) = NaNO, + NO(g)

(2)

also seems to be a feasible one.

As the mentioned textbook is a rather old one, it seemed
reasonable to allow that few pieces of information it contains
might not necessarily be correct. Therefore, one had to
check the chemical nature of the product in order to prove
whether eq. (1) or eq. (2) or perhaps both are operative in
this particular case. In the present paper we discuss our
approach to the above problem.

Objectives

This is a paper that describes a research experiment, suitable
for university students. Research experiments are experi-
ments whose results are novelty for the students, although
these results are not necessarily a novelty in an absolute sense
of the word (Monkovi¢ et al., 2007). The important objec-
tive of experiments of the above type is to teach students to
be critical when faced with statements that are not supported
by sound arguments. The source of information (Nekrasov,
1976) is a textbook that has been written in the middle of the
20% century. It may contain true information, but not neces-
sarily. In particular, when it becomes evident that more than
one chemical equation may be written for the reaction in
question, it might be a challenge to make an identity check of
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the product obtained. Another alternative would be to per-
form a thorough literature survey.

Both simple classical methods (characteristic reactions for
the presence of nitrous acid and nitrites) and sophisticated
ones (FT-IR spectroscopy) have been employed. In the course
of this, the instructor could stress and explain the following
to the audience:

a) The reaction between alkali metals and nitrogen(IV)
oxide might be considered as a reaction between Usanovich
base and Usanovich acid. This classification is, in a way, a gen-
eralization of the Lewis acid-base concept. Few details for it
are given elsewhere (Brandis, 2006).

e The Usanovich base (an electron donor) is the alkali

metal.

e The Usanovich acid (electron deficient compound) is
nitrogen(IV) oxide.

* As in other cases where reaction between acid and base
occurs (a neutralization reaction), the product (MNO )
is salt.

b) Theoretically, more than one product might be ob-
tained. It might be of interest to check the nature of the prod-
uct and confirm (or refute) the information given in the lit-
erature.

¢) Nitrous acid (nitrite in acidified medium) is by far su-
perior oxidation agent than nitric acid (nitrate in acidified
medium) of the same concentration (for some reason, the
latter proves to be very far from a well-known fact; students
usually have the wrong impression that nitric acid and ni-
trates are superior oxidants).

d) IR spectroscopy is being used as a low level, but posi-
tive proof of products identity. It is enough to know that the
IR spectrum is a “fingerprint” of certain compound (and for
solids, even a fingerprint for a given polymorphic modifica-
tion). There are no two compounds (no two polymorphs)
with the same IR spectrum. Identical IR spectra point to
identical composition of the samples.

Safety Tips & Disposal

All nitrogen oxides are toxic (SIRI MSDS Index, 2008).
When working with them, one is supposed to work in a hood
(fumy-cupboard). Aqueous solutions of the water soluble ox-
ides (those that are water soluble react with water giving
HNO, and/or HNO,) can be disposed under the drain with
plenty of water. In the event of poisoning, call for physician
immediately.

Alkali metals are highly reactive & corrosive substances
(DOE Handbook, 1994). Always wear a face shield and gloves
when working with them. Never experiment with large piec-
es of alkali metals, unless you know exactly what you are do-
ing and are aware of all consequences.

Always destroy small pieces of alkali metals that are left
after the experiment. For that purpose, the easiest and cheap-
est alternative would be to use a large beaker half-filled with
water and to destroy one small piece at a time. As pointed by
one of the reviewers, a safer (albeit a bit more expensive vari-
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Figure 1. Generation and liquefaction of nitrogen(IV)
oxide — experimental setup.

ant) would be to destroy the traces of alkali metals with iso-
propanol. Be prepared for very vigorous reaction if the metals
are allowed to react with water (potassium pieces always
catch fire; sodium ones as a rule don’t).

Experimental 1: Generation and Liquefaction

of Nitrogen(IV) Oxide

Nitrogen dioxide was generated by thermal decomposition of
dry Pb(NO,),. This was performed in a test-tube (containing
a mixture of the lead salt and some dry sand—the latter is
useful for making the reaction mixture more porous, and also
for allowing a side-reaction of the PbO product with SiO,
resulting in formation of PbSiO,). The test-tube was corked
and heated electrically. A long glass tube passed through the
cork and was connected to a large test-tube, placed in ice
bath containing a mixture of table salt and ice for attaining
temperatures lower than 0 °C (theoretically down to -21 °C;
in our case the temperature was kept just below 0 °C). The
latter is important for decreasing the rate of evaporation of
the liquefied nitrogen(IV) oxide. The setup for the experi-
ment is given in Figure 1.

One proceeds with the heating until 1-2 mL of liquefied
nitrogen(IV) oxide were collected (this is, actually, an equi-
librium mixture of N,O, and NO,; at the temperature of the
experiment, the N,O, is by far the dominant species and only
traces of NO, are present). The color of the liquid phase is
pale yellowish-brown; that of the gas phase is somewhat
darker (cf. Fig. 2). This result is easily interpreted in terms of
the NO, enriched gas phase with respect to the composition
of the liquid phase.

One of the reviewers suggested “an easier” method for
NO,/N,O, generation (Mattson, 1997). While this is certainly
possible, we have some doubts whether this is really an easier
method for generation of medium quantities of the equilib-
rium NO,/N,O, mixture (the above method was, originally,
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recommended for microscale
gas chemistry experiments).

Experimental 2:
Reaction of Alkali
Metals with Liquid
Nitrogen(IV) Oxide

Few pieces of either potassi-
um or sodium (each of the
size of half a match-head)
were added to the liquid,
while the test-tube was held
in the ice bath. A slow reac-
tion was soon evident. The
bottom of the test-tube was
covered with a microcrystal-
line yellowish covering (cf.
Fig. 3a), and slow gas evolu-
tion was evident. The gas
evolution seems to be in fa-
vor of eq. (1). Alternatively,
it could result from slow
evaporation of the liquid
nitrogen(IV) oxide, the ini-
tial bubbles being formed
on the source of heterogene-
ity (i.e. the pieces of alkali
metal subsequently covered
by the reaction product). It
would be difficult to tell the
difference between NO gas
evolution and N,O, gas eva-
poration, because at the tem-
perature of the experiment
(close to 0 °C) both are expected to be practically colorless.
Curiously, the reaction with potassium does not seem to be
significantly (if at all) faster than that with sodium.

After 15-20 minutes the test-tube is removed from the ice
bath and moderate stream of air is passed through it. In few
minutes the color of the crystals (probably resulting from ad-
sorbed/absorbed NO,) disappears (cf. Fig. 3b).

Figure 2. Test-tube with
N,O, (in equilibrium with
NO,) placed in ice bath.

Experimental 3: Examining the Nature

of the Product

The white microcrystals could be due to MNO,, MNO, or a
mixture of both, as mentioned above (where M stands for
either Na or K). One way to detect the presence of nitrites is
the reaction with acidified solution of permanganate (Fowles,
1959). An instantaneous discoloration occurs due to oxida-
tion to nitrates, the Mn(VII) being reduced to Mn(II). Also,
the reaction with acidified aqueous solution of potassium io-
dide is instantaneous, and gives rise to intense brown color of
elemental iodine, unlike the reaction with nitrates that needs
some time and gives rise to only light brown color (Fowles,
1959). The results of the check for nitrites with the residue
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Figure 3. The obtained product KNO, : raw (left) and pure
(right).

obtained from potassium are given in Fig. 4 (the results for
sodium are similar, but for some unknown reason, these
seemed to contain slightly more nitrite impurities).

The FT-IR spectra (from KBr pellets) were also acquired
from the product (labelled KNO ), obtained in the reaction
of nitrogen(IV) oxide with potassium metal and were com-
pared with the corresponding spectra of both KNO, and
KNO, crystals (cf. Fig. 5).

Interpretation of the Experimental

Results & Discussion

The reaction of the product with KMnO, solution indicates
that only traces of nitrite ions are present (cf. Fig. 4, left).
Namely, the color of the solution, after the addition of

Figure 4. Reaction mixtures of acidified KNO (aq) with
KMnO,(aq) (left), and KI(aqg) (middle). The mixture of
acidified KNO,(aq) with KI(aq) is given for comparison
(right). Upper row — immediately after mixing; lower row —
after 24 hours.
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Figure 5. FT-IR spectra (KBr pellets) of KNO, (upper),
KNO,(middle) and the reaction product KNO, (lower).

KNO (aq) slowly fades with time. This experiment suggests
that the white crystalline solid obtained as a product is practi-
cally pure KNO,.

The parallel reaction of both KNO (aq) and KNO,(aq)
with KI(aq) supports the above conclusion. After immediate
mixing of the solutions (cf. Fig. 4, middle and right, upper
row), no color due to elemental iodine could be registered,
hence no measurable quantities of nitrite ions are present.
Upon standing overnight, pale yellowish-brown color is seen
in both beakers (cf. Fig. 4, middle and right, lower row).
Again, the color intensity seems to be the same in both bea-
kers. If nitrite ions are present at all, these must be present in
minor quantities, below the detection point.

The final confirmation of this conclusion comes from the
analysis of the FT-IR spectra. There is a clear-cut distinction
between the spectra of KNO, and KNO,. The spectrum of
the product (cf. Fig. 5) matches almost perfectly the spec-
trum of KNO, (the only difference is that the concentration
of the samples is unequal). The bands in the spectra could be
easily assigned to the fundamental vibrations of the NO,~ (i.e.
NO,") ions (Nakamoto, 1973), but this is actually not neces-
sary, since a simple comparison (without a priori knowing any
details about the vibrational spectra) proves that the sample
of KNO _ is almost pure KNO.,.

An important question that has to be answered regards the
differences in the behavior of sodium and potassium, in reac-
tion with the liquid. As we mentioned, it seems that sodium
produces more nitrite impurities than potassium. While the
reasons for this finding remain unclear, it might be speculated
that it has something to do with the reactivity with potas-
sium which is superior to that of sodium. Another (much
more trivial) explanation might be offered in terms of adsor-
bed NO, on the particles of MNO, formed during the reac-
tion. If this is not thoroughly “splashed” with air (presumably
in the case of NaNQO,), then it might give the same reactions
as HNO,, or NO,- ions and may, consequently, lead to erro-
neous conclusions. The latter option seems to be strengthened
by the fact that nitrites never form in reactions of metals with

ABRIL DE 2008 +« EDUCACION QUIMICA

NO, (Addison, 1980). Further, discussions with an electro-
chemistry expert (Gulaboski, 2007) confirm the notion that
the formation of nitrites is quite unlikely, judging from the
values of the redox potentials for nitrite and for nitrate
formation.

Conclusion

The experiment shows that the product is indeed sodium
(potassium) nitrate, as stated in the textbook (Nekrasov,
1976). While this finding adds some value to the old textbo-
ok, it is by no means a proof that “everything that we find in
the literature must be true”. It is a good practice to be cau-
tious, and from time to time to check statements given in
literature, particularly in those cases where it seems that the-
re exists some doubt.
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