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The results agree well to those taken by the
classical methods.

The aforsaid method canot be used in the
case of hydrogenated and oxidized fats and oils.
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The mechanism of the reaction between nitrous and hyponitrous
| acid in acelate buffer.

By C. N. POLYDOROPOULOS and M. PIPINIS

The reaction between nitrous and hyponitrous acid over the pH range
3.98 —5.30 (in acetate buifer) is very complex. The mechanism involves slow
formation of N,0,; which a) catalyses the decomposition of HN,0,” and b) reacts
with H,N,0,. At the same time the undissociated HNO, exhibits the same

action on both HN,O,” and H,N,O,.

The reaction between nitrous and hyponi-
-trous acid has been reported first by Thum (1)
but since then it has attracted very littre atten-
tion. Thum found that nitrous and hyponitrous
acid interact quickly in acid solution with gas
evolution and in the proportion of one molecule
each. Recently, the same reaction has been inve-
stigated by Hughes and Stedman (2), also in acid
solution. These authors conclude that the me-
chanism of the reaction involves the action of
the species HNO; on H3N,O,. The products of
the reaction were found to be N,O, N,, and ni-
trate, the latter being formed in amounts equi-
valent to the decrease of nitrite.

However, it is worth while to study the rea-
ction under biochemically important pH condi-
tions in view of the recent interest shown (by
biochemists) in the intermediates in the «nitro-
gen cycle» and reactions between them. Acetate
buffer is preferable because a) it does not seem
to take part in the reaction b) it does not inter-
fere with the determination of the concentration
of hyponitrite and c) it covers the most impor-
tant pH range.

The reaction in acetate buffer turned out to
be extremely complex. This short communica-
tion in intended to bring forth only the main
features of the mechanism. Considerably more
results are needed if a full understanding is de-

sirable.

Experimental B

Hyponitrite was prepared by the electrolytic me-
thod (8). Solutions of H,N,0O, were prepared as descri-
bed before (4) and used immediately. Other reagents

were of A.R. purity. Only freshly prepared solutions
of NaNO, were used.

Rate values reported here refer to 20.0°C. The three
solutions, H,N,0,, NaNO,, and the acetate mixture,
were brought to 20° and mixed quickly. The concen-
tration of hyponitrite was followed by the standard
precipitation method (5), and those of nitrite and ni-
trate were determined spectrophotometrically. The runs
extended over a period of 2 - 10 hours. The ionic strength
used was 0.050.

Resuits

1) At pH above 6 nitrite and hyponitrite do
not interact. Hyponitrite decomposes at the
same rate as if it were alone (see ref. 4 pp.
325 - 26).

2) At pH==>5.30 nitrite catalyses the decom-
position of hyponitrite. The concentration of
nitrite remains practically constant throughout
the run. A plot of log [H3N,O,] against time is
almost a straight line. After a few hours the
slope is a little higher (negatively) than in the
beginning. Values of -dlog{H,N;0,)/dt taken af-
ter 8 hoursare: 1.50,1.84, and 2.41 X107 (min™?),
for a nitrite concentration: 0,3, and 8X 1073 re-
spectively. Note that this slope is a linear fun-
ction of the square of the concentration of ni-.
trite. ‘

3) At pH=3.98 the situation is entirely dif-
ferent. The nitrite is largely consumed during
the run, and correspondingly, the slope -dlog
[H.N,0.}/dt, is reduced rapidly. The order of the
reaction with respect to nitrite is between 1
and 2. o

For these runs, the rate, v=—d[HN,0,}/dt,
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was evaluated graphically. The ratio, v/[HyN,0,]
[nitrite] against [nitrite] for constant [HoN,O,}=
0.042, is shown in Fig. 1 (circles). Other values
of the same ratio for [H,N;0,] ranging from 0.02
to 0.05 fall very near to the line drawn (crosses).

"

z

£ [n.No)]
3 . 0032
1 0038
N 0044
)

T pH=433

s —» w’{pitri te}

Fig. 1. Dependence of the rate on the concentrations
at pH 8.98 and 4.88. ‘

It is noticeable that the ratio of the consump-
tions R=4[H;N;0,}/4 [nitrite] remains constant
throughout a run and for all runs at the same
pH. Its mean value for pH=3.98 is R=5.68.

Nitrate is formed during the reaction in
amounts equivalent to the decrease of nitrite.

4) At pH values between those mentioned
above, the behaviour of the reaction is interme-
diate. The ratio R increases with increasing
pH : R=10.52 and 21.50, for pH==4.33 and 4.67,
respectively. Note that R is a linear function of
1/(H*). Nitrate equivalent to 4 [nitrite] is always
formed. © '

At pH=4.67, the nitrite keeps decreasing
during the run, however slowly. As a consequen-
ce, one would expect the graph of log [H;N,O,]
against time to bz a line curved upwards. Actu-
ally it is curved a little downwards. Values of
the slope -dlog[H,N,0,]/dt for constant [H,N,0,}=
0.045 and for the first hour of the runs are: 0.347,
1.33, 2.25, 5.24, 6.66, and 9.42X 10! (min"}) for
nitrite concentration: 0, 2, 3, 5, 6, and 7X1073,
respectively. It can be shown that this slope is
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again a linear function of [nitrite]2. However,
the order of the reaction with respect to hypo-
nitrite is less than 1 (e.g., -d[H,N,0,]/dt=1.0 and
1.3X 107 for [HoaN,;0,]=38.0 and 5.25 X 10°2 respe-
ctively, and for [nitrite}==0.008 in both cases).

The runs at pH=4.33 look like those at
pH=3.98. The graphs of log[H,N;O,] against
time are lines curved upwards, because of the
relatively rapid decrease of nitrite. The rate,
v=—d [H,N,0,]/dt, was also estimated graphi-
cally. Some values are shown in Fig. 1. The
order of the reaction is less than 1 with respect
to hyponitrite and between 1 and 2 with respect
to nitrite. _— :

5) There is no appreciable change in the rate
of the reaction, if the concentration of the buf-
fer mixture is reduced by 1/2, without a change
in the pH.

Mechanism

It seems that the rate, v=—d[H,N,0,]/dt,
consists of at least two terms of which one de-
pends on the square of the concentration of ni-
trite. '

The species in equilibrium with HNO, are
NOyg, HeNO,*, N,05, etc. Of these, NO," is ex-
cluded from consideration because of result 1.
It can easily be shown that the equilibrium
concentrations of HNO, and HyNO,* are pro-
portional to the total nitrite concentration. Only

~ the concentration of N,0O; is proportional to

[nitrite]2.

Therefore, apart from the HNO, already
known (2) to react with H,N,0,, the action of
N;O; on hyponitrite must be considered. Onthe
other hand, the change of the value of R with
PH suggests that there are at least two parallel
reactions involving H,N,;0, and HN,O,", respe-
ctively, the second of which is favoured at hi-
gher pH values and does not destroy nitrite.

A mechanism involving N,O, in equilibrium
concentration has been tried unsuccessfully. It
seems that the formation of N,;O, can not be
assumed as fast enough over all the pH range
considered. The results at pH=5.30 and 4.67
suggest a rather long induction period for the
formation of N,0,;. -

Another mechanism, involving the action of
N;O; in a steady state concentration and over-
looking the action of HNO,, has also been pro-
ved inadequate.

It seems, therefore, that the mechanism in-
volves at least the following reactions and equi-
libria :

HN,0, <= H* 4 HN,0,",

HNO, & H* 4 NO,,

HNO,-H* & H,NO,*,

Ky (1)
K, ()
Ks (3)
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H,NO,;* 4 NOy" 2 I—Izll\IzO.l*, Kz (4)
L A
H,N,0,* - H,0+N,0,, K+ (5)
HN,0, .40 N,0 4 OH’, ky (6)
HN,0." catal. (O (HNO’))- N,0+4-OH, ky (7)

H,N,0, + N,;O3— HNO, -+ HNO; + Ny, k3 (8)
H,N,0, -+ HNO,;— H,0 +HNO; +N,, % (9)

The equilibrium constants and rates are de-
fined as follows:

__{H*)[HNO,] (H*)[NO,]
K="myNol ' = @No,
o EOENOJ . [HNO,Y|NO;]
ST T[H.NO,] [HN-Og*]
=k*[H,N,0.%| =‘K_’::(H2Noz+] [NO,’]
vy==k;[HN;O0,7] [N 203]-*:6}1;{; [H:N,0,] [N:O4}
vs=h{HN,0; [ANO,I=(4 [H2N,0,] [HINOY

) vy=ks [ Hstoz] [N2Os]
vg=k, [H,N,0,] [HNO,]

The brackets stand for concentrations, whe-
reas (H*) is the hydrogen ion activity.

In the pH range considered, the analytically
determined hyponitrite is virtually equal to
[HeNO4), because the ratio, [HN,O,J/[HNO,],
is negligible, and the total nitrite concentration
s [nitrite]::[NO,'] + [HNOg].

- By the appropriate substitutions one finds:

ret [nitrite]® Kqk*
_-—' —_—K_:;‘ 27 K K*
()

For a value of K,=25.5X 10" (5.5=4.5/0.82
where 0.82 is the activity coefficient of NOy
for ©=0.05) it can be calculated that v* (the
rate of formation of NyOj) at pH=5.30 must be
about 300 times less that it is at pH=4.00, for
constant {nitrite]. This can explain the long in-
duction period at hxgh pH values (compare re-
sult 2).

According to the assumed mechanism, the
rates of decrease of hyponitrite and nitrite
would be:

here P

d[H,N,;0O
- ‘L%'—g]:— v =ttt
d[m;tnte] ” +v4

HYPONITROUS ACID REACTION 5

By division and substitution of the v’s one has

dIHN,0) _
d [nitrite]
kK koK.
(rirey ) WOy 1 JulEod

Ts[N2Og] + k[HNO,] :
If it happened that ky/ks o= ky'k, (which does no
seem highly improbable) one would have pra-
ctically:
d{HeNsOo]
“d[nitrite]

kK,
ka(H")

+! zkk&f}) +1ex

4[HNsOs]
“A[nitrite]

This would explam why R is found to be a li-
near function of 1/(H*). The value of the inter-
cept is indeed found to be very near to 1. This
is also in agreement with earlier investigations
of the same reaction in acid solution (1,2) where
R is reported to be about 1.

At low pH values, the formation of N,O4
may be assumed to be rapid enough. If so, the
concentration of NyO; is in equilibrium with

HNOZ, .

2HNO,; == H,0 + N;Os " (10)
K= [I[.ﬁé%a]]z: and [N;O;]=K;[HNO,J? (11)

and the rate, as defined above, can be expres-
sed by (12)

e e 24 2

{HzNzOz} k4 F {mtnte]—f—lcsKs — ¥ nitrite] (12)
kK kK

where Rm 1+k (1H‘1*) Rz&"'l‘{”k (gHi)’

‘Fig. 1 seems to satisfy eq. (12) for pH=3.98.

"At intermediate pH values, N,O; is very li-
kely to attain a steady state concentratlon as
soont as v=v,;. Then

_%*[nitrite]®
k3 F?[HN 0,

If [N,O4] is given by (13) one finds for the ove-
rall rate, v, the relationship (14).

[N2O4)= (13)

v Royy o . . Rys [nitrite]®

), A * 13 1O FRo
N0 W F it m R0,
Fig. 1 shows that (14) is applicable at pH==4.33.
The slope of the function, uf[H,N;O,][nitrite]
against [nitrite], increases: with decreasmg
[H,N,O,] whereas the intercept remains con-
stant.

(14)
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Conclusion.

The reaction between nitrite and hyponitrite
at pH above 4 is highly complex. The mecha-
nism suggested here is the simplest mechanism
compatible with experiment that one can consi-
der. The true mechanism might be even more
complex. To elucidate the details and allow for
an estimation of the values of the constants in-
volved, a great deal of data is required. Such
work is bound to be lengthy. Nevertheless, it is
hoped to be carried out because of the impor-
tance of knowing the values of these constants
for an understanding of the behaviour of nitrous
acid in other reactions too.
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OEPIAHYIS

‘0 pnxaviouds tijs dvudodsews ueraly wirpddove
-xal Trowrgdddovs BLéoc Eviog BLixot QuBmioTIXNOT
‘Yno K.N. IOAYAQPOITIOYAOY xai M. IIIIINH

’Epeuv&Ton 1) moAUmAokos &vtiSpaois petafy
‘viTpwdous kail UmoviTpddous dEtos els T mepto-
XM pH 3.98 - 5.30 (dvrds 6E1koU pubmioTikol pi-
yuaros). Eis iywnAoTtépas Tipds pH b&v mapatn-
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peitanr &vTidpaois. ToO wiTpdddes kaTavaAiokero
ONUAVTIKGS KaTd T &vTiSpagv é&v 76 pH elven
XaunAdv, &AA& | dvadoyix 4[H,N,O,]/4 [nitr.]
aUféver perd ToU pH, olrws doe els pH=—5.30
TO NITP@dBes Tapapével MpakTiKs oTabepdv. Ai
TaxUTnTes E§apTdvTan yevikéds &mwd THY mpdTNY
Kai deutépav BUvapy Tiis ouyxevTphoews ToU vi-
Tpwdous, Smep &mwokaAuTrrer 81 els THY &vriSpax-
ow AapPdver uépos xai td N,O, &ktds ToU HNO,.
"AAMA& 1O N,O, Stv elpiokeran els icoppomriav, eipt
udvov els pH<4. Eis T épeuvopévny meproy v pH
) TaxuTns oxnuatiopol Tol¥ N,O, elvar oyxeTi-
k@5 pikp&, ToUTto 8¢ xupiws mwepimAéker Ty &vri-
dpaoiv, olTws doTe 1) TaxUTns v& EfapTaTon
TGV OCUYKEVTPROEWY KAT& oXET1v TTOAUTTAOKOV (S
1 (14). OUtws & unyoviouds eaiverar 811 mepi-
AapPaver oAAas £ foou Ppodeias &vTidpdoers
fitot 1ds (5) Ews (9).
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