Sodium Hyponilrite *

By CONST. N. POLYDOROPOULOS **

The solubilities of sodium hyponitrite in alkali are reported. Thus a
better understanding of the conditions of its preparation is provided. Besides
two crystalline hydrates of sodium hyponitrite not previously reported are
identified. Finally the two dissociation constants of hypenitrous acid determi-
ned at various concentrations are calculated by extrapolation to zero.

In the course of an investigation of the stru-
cture of tpe hyponitrite anion by means of its
Raman and Infrared spectra (7) we had inevi-
tably to deal with the methods of preparation
and some properties of a few hyponitrites. The
purpose of this paper is to present the results
of our experience, as far as it is interesting,
in the hope that this would facilitate the work
of future investigators.

A. Solubility of sodium hyponitrite

Sodium hyponitrite has always been known
to be very soluble in water and comsiderably
less soluble in strongly alkaline solution (1).
Nothing more has been reported about its so-
lubility.

Since it is almost impossible to have solu-
tions of sodium hyponitrite free from hydro-
xide we determined its solubilities in sodium hy-
droxide solutions. The value of this curve of
solubilities for the recrystallizations of sodium
hyponitrite is apparent.

. The samples were analyzed as follows. Solu-
tions of sodium hyponitrite and hydroxide were
left in a desiccator at 20° C to separate some cry-
stals. For strongly alkaline solutions vac - H, SO,
desiccator was used. Then some of the liquid was
weighed out in a small bottle and diluted to a
fixed volume.

An aliquot part of this solution was imme-
diately neutralized (phenolphth.) with dilute
acetic acid, and an excess of 0.1 n silver nitrate
solution added, filtered and in the filtrate the
excess of silver was titrated with potassium thio-
cyanate. Thus N,O0,™ was estimated (9).

In another part the total alkali was titrated
(methyl - orange) with hydrochloric acid. From
this the equivalent of the hyponitrite was sub-
tracted.

The difference of the sum of the two percen-
tages (Na,N,0, -} NaOH) from 100 was taken
as water.

The results are shown in Table 1. From
these figures a triangular diagram can be drawn.

* For a complete bibliography on hyponitrites see
C. Polydoropoulos Ph. D. Thesis 1956 University of
London. - '

** Present adress: University of Athens. Lab. of
Phys. Chemistry,” Solonos 104, Athens.

TABLE 1. Solubility of sodium hyponitrite in solutions
of sodium hydroxide.

NaOH Na,N,0, H,0
18.8 17.8 63.4
29.0 6.15 64.8
36.9 4.17 58.9
45.2 1.20 53.6
46.5 0.96 52.5
46.4 0.97 52.4

Grams of components per 100g of solution.

As it would be seen from this diagram, the
best solvent for a recrystallization of sodium
hyponitrite is 20°/, sodium hydroxide. Concen-
tration of a solution like this reduces the solu-
bility of hyponitrite rapidly. In less alkaline so-
lutions saturated with sodium hyponitrite its
decomposition produces alkali enough to make
the solution supersaturated with respect to the
hyponitrite left.

B. The hydrates of sodium hyponitrite

Crystals of sodium hyponitrite obtaized un-
der various conditions have been analyzed by
previous workers. They were always washed
with alcohol and ether and dried before the ana-
lysis. -

We observed that single, well formed and
glasslike transparent crystals of sodium hyponi-
trite dehydrate quickly in absolute or 95°/,
alcohol. ~ e

Theréfore we did not trust washing them
with alcohol not only because of the danger of
dehydration but also because we would have
to dry them afterwards to remove the alcohol
and ether, and we would not know for how long,
since they lose their water of crystallization very
easily. »

Instead we let them grow in their mother
solutions sufficiently large (1-2 mm thick and
3-5 mm long) so that we were able to pick up
some of them apparently perfect and well for-
med and dry them mechanically with soft paper.

The N,O,™ was determined by precipitation
and back titration of the excess of silver. Ano-
ther sample was left jn CaCl, - desiccator (in a
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preweighed crucible) for 4-6 days until its
weight remained constant. The loss was taken
as water. To the dehydrated sample ammonium
sulphate was added with one or two drops of
water. It was left in the cold first for 24 hours
to avoid spitting by vigorous decomposition of
the hyponitrite and then it was carefully dried
burnt and weighed as Na,SO,. The sum of the
three percentages (Na*,N,0,” and H,0) was
always around gg, which proves that the cry-
stals lose all of their water over calcium chlo-
ride within five days.

The results of the analyses were alwaysnear
to either Na,N,0,.4 H,0 or Na,N,0, 6 H,O.

TABLE 2. Examples of results of analyses of sodium .

hyponitrite hydrates.

Found Na+ N, 0, H,0 Sum

a 25.7 31.9 41.2 98.8

b 21.8 . 27.9 49.1 98.8
Calculated for

Na,N,0,+4 H,0 25.8 38.7 40.5 100.0

Na,N,0,:5H,0 23.5 30.6 45.9 100.0

Na,N,0,.6 H,0 21.5 28.0 50.5 100.0

Assigned formula :
‘a= NagN’Oz 4 H’O
b= NazNg()g -6 H,O

Thé hexa-hydrate was formed in solutions
. concentrating from 20 to 30°/, NaOH. The te-
tra-hydrate was found in solutions approaching
40°], NaOH. The solutions from which Partin-
gton (2) reports to have obtained the octa-hyd-
.rate seem to have been not strongly alkaline.
On the other hand Oza’s (3) analyses on crystals
obtained from very concentrated NaOH agree
with the composition of a tri-hydrate. There-
fore, as anticipated, the more alkaline the mo-
ther solution the less hydrated the crystals.

Neither the hexa - nor the tetra- hydrate has
been previously reported in the literature. The
penta - hydrate has been reported instead (1,2).

Perhaps the best criterion to settle any doubts
whether our analyses were correct would be a
crystallographic study. No crystallographic work
is found in the literature on any hyponitrite.
However an X-ray test (8) on a crystal for
which our analysis showed the composition
- Na,N,0,. 6 H,0, carried out in the Crystallo-
graphy Department of University College Lon-
don, verified this formula.

C. Divers’-Partington’s method of preparation

For the preparation of sodium hyponitrite
we used Divers’ method involving sodium amal-
gam (1). ’

Several other methods of preparing sodium
hyponitrite have been reported in the litera-
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ture. Since none of them seems to exceed in
merits Divers’ method on account of simplicity
and purity of products which therefore remains
the standard method, we are presenting the
results of our experience on the best way of
carrying it out, in some detail.

Reducing sodium nitrite in comparatively
small proportions (25 g.) with sodium amalgam
is rather inconvenient. Since the sodium hypo-
nitrite obtained never exceeds the !/, of the ni-
trite used, larger quantities are needed anyway.

We reduced sodium nitrite in batches of 250-
350g in a large, strong separating funnel, of
about 2 litres capacity provided with a short
outlet underneath and a wide neck. Its rubber
stopper was bearing: (a) a thermometer, (b) a
mercury sealed stirrer, (c) a glass tube serving
as an -exit of the gases evolved and (d) another
small separating funnel through which liquid
amalgam could be introduced.

Precautions must be taken to avoid contami-
nation by CO,.

The amalgam is introduced in a thin stream
to the solution of sodium nitrite under good
stirring and cooling with tap water running
outside (the whole apparatus is placed into the
sink). After some amalgam has been added (about.
20°), of that required for the whole reduction)
cooling is not necessary any more since heat is
no longer evolved in appreciable amount,

When the effervescence stops the mercury-

‘is removed from underneath, some more sodium

is dissolved in it and the reduction carried on
until the solution does not evolve any gas in
contact with the amalgam. Usually alittle more
than the theoretical amount of sodium is requi-
red (70-8cg of sodium per 100g of sodium mni-
trite). Thus the sodium can be used in parts of
20¢ dissolved in about 300 ml of mercury.

The yield is 18°/, referred to the nitrite.

As far as the concentration of the original
sodium nitrite solution is concerned one has to
take into account the yield of the reaction and
the solubilities of the final products.

The reaction can be represented by two equa-
tions. About 18g of nitrite (out of 100) is re-
duced to hyponitrite and the rest is reduced and
decomposed : ’

2 NaNO, + 4 Na 4 2 H,0 — Na,N,0,+ 4 NaOH

18 4.7 13.8 20.9
9 NaNO, +4Na -3 H,0 — N,0 4 6 NaOH
82 - 321 143

The numbers underneath the formulae represent
equivalent quantities. Therefore by reduction
of 100g of sodium nitrite, 36.8 g of water are
consumed and 13.8¢g of sodium hyponitrite and
163.9 g of hydroxide are formed.

If 300g of water had been used the final so-
lution will contain 263g of water, 164g of so-
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dium hydroxide and 14 g of sodium hyponitrite,
i.e. it will be about 37°/, in hydroxide and 4°/,
in hyponitrite. That means (according to Table 1)
that it will be just saturated with sodium hypo-
nitrite. The use of a 1: 3 solution of sodium ni-
trite was recommended by Divers.

If on the other hand one uses only 200g of
water, the final solution will contain 163g of
water and 164 g of sodium hydroxide, i.e. it will
be about 50°/, in hydroxide, in which sodium
hyponitrite is almost insoluble and will sepa-
rate. This is Partington’s modification (2).

The choice of either method depends upon
whether silver or sodium hyponitrite is desirable.

If sodium hyponitrite is needed, Partington’s
method is advisable. After the end of the reduc-
tion one leaves the mixture still for 24 hours,
when the hyponitrite separates as a sort of scum
on top of the strongly alkaline solution and par-
tly as a sediment. One filters through a coar-
se sintered glass filter (while protecting from
the air), dissolves the solid part in a little wa-
ter and adds some more amalgam to destroy any
hydroxylamine present and reduce any traces of
nitrite left. Then the solution may be filtered
and concentrated in a vac-H,SO, desiccator.
Some silver hyponitrite can be obtained by preci-
pitation from the first, strongly alkaline filtrate.

Concentration of the mother solution obtai-
ned after Divers (37 °/, NaOH and 4 °/, Na,N,0,)
is rather difficult (because of its low vapour
pressure) and it does not reduce the solubility of
hyponitrite considerably. This solution is best
precipitated with 10°/, silver nitrate after a mere
dilution. In view of the large quantity of alkali
it contains, neutralization before precipitation is
undesirable, nor is it necessary. Silver nitrate
forms silver oxide first but by good stirring the
brown oxide turns to yellow hyponitrite (1). The
brown colour of the oxide serves as an indica-
tor of the end of the precipitation. The precipi-
tate separates quickly and it can be washed by
two or three decantations to remove the alkali.
It can be rid of silver oxide by a little acetic
acid. For further purification it is dissolved in
dilute nitric acid and reprecipitated as reported
in the literature,

D. Sodium hyponitrite from silver hyponitrite

We obtained very good crystals of sodium hy-
ponitrite starting from the silver salt. This me-
thod has been used by a number of previous
workers but only for preparations of dilute so-
lutions of sodium hyponitrite.

Silver hyponitrite was purified as usual and
filtered through a glass filter. The wet paste
was then introduced in small portions to a con-
centrated solution of pure sodium iodide contai-
ning some hydroxide, under agitation with a
glass rod, until the yellow colour of silver hy-
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ponitrite did not disappear any more and filte-
red. The filtrate contains some silver hyponitrite
which is slightly soluble in concentrated sodium
hyp onitrite solutions. A few drops of sodium
iodide were then added until no more precipitate
was formed, and the solution was filtered again
and concentrated in vac-H,S0,. Crystals of
Na,N,0,-6 H,0 separate in a few days usually
very well formed.

Any small excess of iodide in the solution
does not contaminate the crystals of hyponitrite.

E. The two ionization constants of hyponitrous
acid
As it is known, during the titration of a so-
lution of sodium hyponitrite with a strong acid,
phenolphthalein decolourizes at about the half

“of the acid needed to turn methyl-orange red (4,5).

However the actual titration curve is not found
in the literature.

In view of the importance of the consequen-
ces of this experimental datum we carried out
the experiments somehow more extensively and
precisely than previously reported.

Freshly prepared solutions of sodium hypo-
nitrite of various concentrations were titrated
with 0,1n- or n-HCI. The pH was measured
with a pH - meter provided with glass-and ca-
lomel electrodes. A temperature compensator
gave the pH at 25°C.

The solutions were prepared by dissolving
crystals of pure sodium hyponitrite in distilled
water previously boiled. The actual concentra-
tion of the solutions was determined indepen-
dently (but at the same time with the pH-titra-
tion) by precipitation with silver nitrate and
back titration of the excess.

Figure 1 shows the titration curve of a 0.0g0om
solution of sodium hyponitrite. It closely resem-
bles the curve obtained from the titration of
sodium carbonate and therefore there isno doubt
that hyponitrous acid dissociates according to
two different dissociation constants, i. e. the for-
mulae H,N,O, and Na,N,O, are correct.

L i i 1

0 5 10 15 20
—s ml n-HCI
Fig. 1. Change of pH during the titration of sodium
hyponitrite.
The arrows underneath the curve, calculated
on the basis of the silver determination of the
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concentration, show the points where the reac-
tions

N,O’.- + H+ - HN,O,‘ and

HN,0,” + H* — H,N,0,
start and end.
Similar curves although displaced towards
lower pH values are obtained from more dilute
solutions of sodium hyponitrite.
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The quantity A was estimated by precipita-
tion with silver. Since the addition of the rea-
gent (HC1) during the titration increases the vo-
lume of the solution, M was calculated at every
point of measurement of the pH.

Table 3 shows the calculation of K, from the
titration curve (Fig. 1), where A was found
0.18 ml.

The mean value is K, = 8.2 X 10°**. For

TABLE 8. Calculation of K, from pH measurements

c u | Su | pm | (H'] | [0H] [(ANO0:]|[M0]| K

. X 102 X 10-3 X 10-12 X 10-s X 10-* X 10~ X 10-2
2.06 8.90 - 2.00 11.54 2.88 3.47 2.35 6.65 8.03
3.07 8.82 2.94 11.34 4.57 2.19 3.16 5.66 8.18
4.12 8.74 3.90 | 11.14 7.25 1.38 4.04 4.70 8.43
5.17 8.65 4.84 10.94 11.5 . 0.87 4.93 3.72 8.67
6.22 8.57 5.75 10.80 156.9 0.63 5.81 2.76 7.55

The point of decolouration of phenolphtha-
lein never coincides with the calculated one sho-
wn by the arrows. This is probably due to some
decomposition of the hyponitrite taking place
during the titration. The difference is smaller
in more dilute solutions.

Therefore titration of sodium hyponitrite so-
lutions for analytical determination with acid
and the two indicators will give too low results,
unless the solution is very dilute and the titra-
tion is carried out quickly. Still the phenol-
phthalein point will be uncertain within a few
tenths of a ml.

Another point of interest available from

“these curves is the calculation of the dissocia-
tion constants :

- g.—H*][BN0,] k., —H*][N:0,7]
} St . 2 - -
[H,N,0,] (N0,

In order to calculate K, at a point” where C

mls of acid have been added we may assume

. that the whole of the acid has neutralized a part
- of the N,0,™ according to

‘ N,0,” + H* — HN,0,

and some more of the N,0, has been hydroly-
zed to create sufficient [OH] according to

N0, + H,0 — HN,0,” 4 OH’

_If M is the imaginary concentration of N,O,™
_before the above two reactions took place, and
A'is the equivalent (in mls) of acid to transform
- the whole. of N,0,™, into HN,O," then the con-
centration of HN,O," created by the first reaction

-will be —%x M and its total concentration :

[Ewo.1= 5 x M +[onT]
The concentration of N,0,™ will be:
[N,0,7] =M — [HN,0,"]"

other concentrations the following values of K.
were obtained:

M =87.0, 41.2, 19.2, 13.6, 6.74, 2.35 X 10=
K,= 8.2, 6.2 6.0, 13.4, 9.2, 12.2 X 1012

Extrapolation to zero (against the square
root of M) gives

K, =146 + 0.26 X 10"
at infinite dilution

Latimer (6) from the pH = 11.4 of a 9.52X10"M
solution of hyponitrous acid neutralized with al-
kali calculates K, = 1.00* 0.25 X 10™.

For the calculation of K, the ahalytically
determined concentration of hyponitrite (precipi-
tation by Ag*) has no value, since part of it is
decomposed during the first step of the titration.
The difference between the points of rapid
change of pH must be taken as measuring the
concentration. At the middle between these two
points the concentrations of HN,O," and H,N,O,
are equal and therefore pK, = pH [Latimer (6)].

~ Thus we obtained for the various concen-
trations
M =5.92, 3.7‘2,‘0.86, 0.66, 0.51, 0.24 X 10-?
X, =17.08, 5,01, 16.2, 8.91, 10.00, 12.6 X 10-*
Extrapolation to zero gives a probable value of

K, =112 4 0.27 X 107
at infinite dilution

as compared with ¢9*2 X 10 of Latimer’s (6).

To make sure that K, does remain constant
along the part of the curve coresponding to it, an
experiment was carried out as follows: A v.o1 M
solution of sodium hyponitrite (crystals) was
titrated quickly and immediately after its pre-
paration. Measurements were not taken until
the pH dropped to 7. From this point on a few
more measurements were taken as shown in
Table 4. Thus the most important measurements
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TABLE 4. Calculation of K, from pH measurements

C ml pH K,
X 107
13.80 7.00 1.68
15.70 6.75 1.43
17.15 6.43 1.64
18.20 6.18 1.711
18.60 6.10 1.60
18.85 6.00 1.€8
20.30 4.20
21.20 3.00

were obtained within less than five minutes
from the preparation of the solution and there-
fore the analytically determined concentration
must be valid. It was equivalent to 10.45 ml.
From the data of Table 4, K, can easily be
calculated. It remains well constant. :
Our values for both K, and K, are therefore
a little higher than Latimer’s. This may be due
either to the fact that Latimer does not mention
any extrapolation to zero concentration or to
slightly different technique used. To calculate

K, Latimer titrates a solution of hyponitrous -

acid with alkali, and for K, he is satisfied with
measuring the pH of a solution of hyponitrous
acid neutralized to Na,N,O,. It seems preferable
to titrate Na,N,O, with acid, rather than H,N,O,
with alkali as the former method will tend to
reduce errors due to decomposition which occurs
in acid solution.

ODEPIAHYIZ
‘Yroreroddes vdrgeov
‘Yno Kaonst. N. IoavaQronovaoy

"Avagépovtan of  SiaAuTéTNTES TOU UTOUTPd-
Bous varplou &g SiaAupara NaOH Siagdpev Trepi-
extikoriiTev (TTiv. 1). “Ws wpokirrre, wepimou 20°/,
NaOH &ioAvet els. onpavtikiiy  woodtnta T
Na,N,0,, &v&® 710 Tédeutaiov, Tolto elvon oyebdv
&bikAvtov eis NaOH 50°/,. "O0sv & KAUTEPOS
SiaAUTns 81° dvaxpuotolAdoes Na,N,O, (fvrds En-
pavTiijpos kevol — H,SO,) elver ~ 20°/, NaOH, 8¢-
Bopévou 671 els SMywTepov &AkoAkd SicAUpaTta
Tayvrarn Sikomacts Tol Na,N,O, kabioT& Tiv
&varpuoTéAAweiv Tov &BUvaTov.
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ThoTomoeiton ) Umapfis SYo USpiTdY
Na,N,O, - 4H,0 kai Na,N,O, - 6H,0
i &vagpepopiveoy els TO TpeABSY.

Ak Ty Tapaokeully YTroviTpdBous vatpiov ¢-
Xpnowotmonfn 1 péBoBos Diwers fiTol dvaywyh
NaNQ, 8’ &pohydparos varpiou. ‘H &méboois &-
vépyetou efs 18 /.. AiSovtan Aewrrouepeis d8nyial,

KpUotaAdor UmrovitpdBous vatplov EAfigbnoay
xad Bik ounTrukvddoews els Enpaviipa TolU SicAlpa-
Tos ToU TpokUTTovTos &k TS EmiSpdoews kabapol
Ag,N,O, &mi mrukvol SicAluaros NaJ.

TTapnkoAoudnBn # mopela ToU pH xard THY
dykopérpnow &1 HCl Siochupéraov Umronitpidous
vatpiou Siapdpwv ouykevtpdoewv. *Ex Tiis mpoxu-
TToUons kapmUANs (Ex. 1) elven pavepdv & Td
UTtoviTpidBes €U Exer SUo oTabepds Sicotdosws K,
kai K, & 10 dvdpakikdy. “Ymehoyiohnoav of Tiuad
Tév K, kai K, 8 &kdotnv ouykévtpwow M Uro-
niTpwSous vatplou. Ak TpoekBoAdis ToUTwv el &-
mepov dpaiwow evpiokeran K,=1.12+0.27X 10
kal K,=1.46+0.26 X101, .

ACKNOWLEDGEMENTS

The author wishes to express his deep thanks
to the «State Scholarships Foundation» Athens—
Greece, for a scholarship by means of which he
has been able to carry out this work. He is also
grateful to Dr. D. J. Millen Ph. D. of University
College London for his having pointed out the
interest of a study of hyponitrites and for his
unlimited help.

University College London 1956

REFFRENCES

Divers E: J. Chem. Soc. 75, 95 (1899).

2. Partington J. R., Shah C. C.: J. Chem. Soc. 2071
(1931). '

3. Oza T. M.: J. Ind. Chem. Soc. 22, 225 (1945).

4. Raschig F.: «Schwefel—u. Stickstoff—Studien» Ver-
lag Chemie G.. m. b. H. Leipzig—Berlin, 1924.

5. Abel E., Proisl J.: Wien. Monatsh. 72, 1 (1938).

6. Latimer W. M., Zimmerman H. W.: J. A4m. Chem.
Soc. 61, 1550 (1939).

7. Millen D. J., Polydoropoulos C., Watson D.: «Nor-
mal Co-ordinate . Analysis for trans centro-symme-
tric X, Y; Molecules. Application to the Hyponitrite
Ion». To be published in the J. Chem. Soc.

8. To be published. ‘

9. Polydoropoulos C.: This Journal 24A, 89 (1959).

—
.

. (Elshydn tf 205 Abyoborov 1959)



