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matter (Stevenson and Swaby, 196L; Austin, 1961), other than o(-amino
acids, which also produce N, when they react with HNOp (Gerretsen and
DeHoop, 1957; Van Slyke, 1911). Allison (1963) and Carter and

Allison (1960) claim that under field conditions Van Slyke reaction is
not the important pathway of Ny producing reaction since the acid con-
ditions in the fields are not strong enough to promote such reactions.

Tyler and Broadbent (1960) have observed Ny production in acid
soils treated with nitrite N. Mass spectrometric analysis has confirmed
such results. Ewing and Baur (1958) studied the reactions between
nitrous acid and alanine and observed Ny in check samples to which only
NaNO, was added. Thorne (1961) studied the nitrous acid decomposition
in closed systems and recorded N, production in acid solutions treated
with nitrite. These studies indicate the possibilities of N, being
produced through non-biological self degradation of nitrite in acid
solutions and soils.

The nature of reactions involwed in the self degradation of ni-
trous acid to yield N, is obscure. In the following pages, possible
intermediate compounds that could arise during nitrite decomposition
are discussed. Some of the mechanisms of reactions between the possible
intermediate compounds and nitrous acid are also considered.

Probable intermediate compounds of nitrite decompo-
sition and their role in producing Np

The discovery of Np production during nitrous acid decomposition
being recent, the mechanisms and intermediates involved are obscure.
In most of the references cited below, only the biological oxidation
of ammonia to nitrite is considered. It is assumed that most of the

reactions are reversible, and the intermediates produced in the forward
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reactions also probably appear during the reverse reactions. If this
is a valid assumption, it can be said that the intermediate compounds
produced in the process of ammonia oxidation to nitrite may also be
formed during the decomposition of nitrous acid. In addition, the
fact that both oxidative and reductive processes are involved in
nitrite decomposition adds support to the assumption.

Hydroxylamine (NH,OH), hyponitrous acid (HpN20»), and hyponitrie
acid (H2N203) are the three intermediate compounds suspected to be
formed in the interconversions of ammonia and nitrite N. Mumford
(191L) observed hydroxylamine salts and salts of nitrous and hyponitrous
acid during the oxidation of ammonia. Loss of N invariably encountered
during the study was attributed, in part, to the evolution of Njp
through complex interactions between these various intermediate com-
pounds. Corbet (193L, 1935a) obtained somewhat identical results, but
he observed only hyponitrous acid as an intermediate compound in the
system, According to Corbet (1934), hydroxylamine has only an ephem-
eral existence; and it is converted to hyponitrous acid as fast as it
is formed. In addition, it is stated that in the presence of hydroxyl-
amine, loss of N as Ny due to the interaction of nitrous acid and
hydroxylamine was expected to be greater than that observed. IlLees
(1948) also obtained data that supported the production of hyponiw-
trous acid during ammonia oxidation. However, Martin et al. (1942}
presented thermodynamic data favoring the formation of both hydroxyl-
amine and hyponitrous acid. But thermodynamically, the formation of
hydroxylamine is not spontaneous (Martin et al., 1942).

Thorne (1961) is the only person who suggested hyponitric acid as

a probable intermediate produced in nitrite decomposition reactions.
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Emele 'us and Anderson (1938) claimed that this acid is highly unstable
and decomposes instantly in water in accordance with the reactions
H2N203<—;\2M) + H20 o ¥ w s & » = = (A1)
ZHpNy03 &> 2HNO, + HoNoOp o 0 0 0 o o (12)
Thus, the formation of HpNp0p is favored more than that of HpNy03.
Austin (1961) has proposed a mechanism for the production of hyponi-
trous acid through the nitrosation of various organic compounds with

nitrous acid. Such a proposed reaction is as follows:

OH H,0 OH
| | Z ]
TJ-O-“=X—)'I‘-N-°—>N-*|‘-°—>H?I‘2°2- o s (3}
c c* C-CH 9

A A

%

Thus, thereare possibilities for various intermediate compounds to
occur during nitrite decomposition. Also these compounds can either

react with each other or decompose to yield N,.

Mechanism of Np formation during
nitrite decomposition

Formation of elemental nitrogen (Np) as the end product of nitrous
acid decomposition can result from either the sequential breakdown of
the intermediate compounds or due to the interaction of nitrous acid
with the intermediate compounds. The latter type of reaction is
supported by most workers while there are a few evidences to show the
sequential reduction reactions of nitrous acid that lead to the forma-
tion of elemental N.

Formation of Ny by the interaction of various intermediate com-
pounds is supported by the fact that nitrogen is also oxidized to

nitrate during the process.



Thorne has proposed the formation of Ny and NOS according to the
reaction
SHNO, N2¢3H*+3m§+}120. e & = @ ()
The interaction of hyponitrous and hyponitric acid is suggested to be
the reaction responsible for Ny production by Thorne as
HoN,03 + HpN0p  Np + HY 4 NO3 + HpO . . . . (15)
Alternatively, reaction (1) can be obtained through another
reaction sequence as
lHNO,  2HNO + 2HNO3 . . . . . . . . (16)
NGO HoNoDo & & » s « = = o @« = (A7)

H2N2°2 + HNOz N2 + H* + NO; b Hao . . ° ° (18)
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Here the formation of hyponitrous acid from 2HNO molecules is plausible

as proposed by Corbet (1935b).

In general, the review of literature presented here indicates that
there is ample scope for investigations on various reactions involved
in nitrous acid decomposition. The nature of nitrification reactions
is yet to be understood while the reactions that lead to the formation

of Ny through the self degradation of nitrous acid is almost unknown.
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THEME AND OBJECTIVES OF INVESTIGATION

An extensive review of literature on the reactions of nitrite in
acid media clearly indicates that most of the processes affected by
biological agents such as bacteria also occur in nature due to purely
chemical and thermodynamic forces. Some of the processes lead to the
conversion of nitrite to nitrate N, which is more easily assimilated
by plants than the former. At the same time, reactions of nitrite in
acid media result in the loss of N in the forms of various oxides of
N and also in its elemental form.

At the present time, the use of nitrogenous fertilizers to increase
crop yields is steadily increasing. For the efficient and economical
use of various fertilizers, attention has been focused on the controlled
availability fertilizers which in theory release the nutrients at a
slower rate in order that the required quantities of nutrients are made
available to the crop plants throughout the growing season. N-serve
(2-chloro-6 /Trichloro-methyl/ pyridine) is one such commercial compound
used to control the availability of N fertilizer. N-serve is used to
reduce the nitrification rate so that all the added N is not lost
through leaching after being converted to nitrate. Such chemicals are
said to control biotic activities.

On the other hand, if most reactions are chemically feasible to
occur without the action of biological agents, the advantages of certain
controlled availability fertilizers will be outweighed. Thus, the
knowledge of the nature and magnitude of non-biological N transforma-

tions can be useful for the more efficient use of controlled availability



