The structure of Sodium {3-hyponilrite

By C. N. POLYDOROPOULOS and D. WATSON*

The substance formed by the action of NO gas on metailic sodium dissol-
ved in liguid ammonia, (NaNO)x, referred to occasionally in the past as so-
dium nitrosyl is shown to be Na,N,0, by correlation of new with older expe-
rimental evidence. It is named f-hyponitrite because it i3 not identical with
Divers’ hyponitrite. The infrared spectrum of the solid substance is rich in
absorption bands. When dissolved in water part of the substance decomposes
immediately. What remains exhibits a Raman spectrum identical whith that

of sodium hyponitrite.

Possible structures are discussed in view of all expe-

rimental evidence available. The latter suggests that f-hyponitrite is a mix-

ture of cis- and frans- stereoisomers.

The structure of the hyponitrite ion has re-
cently been established fairly well (1). It is bent
trans-centrosymmetric *O—N=N—O". Generally
the hyponitrites referred to in the literature are
the salts (and the corresponding acid) prepared
by suitable reactions from sodium hyponitrite,
the latter being obtained by reduction of au a-
queous solution of NaNO, by sodium amalgam (2).

Another substance has long been known (3)
to have the same stoichiometric composition
(NaNO),. It is formed when NO gas reacts with
metallic sodium dissolved in anhydrous liquid
ammonia, and it is referred to by some investi-
gators as sodium hyponitrite (4) and by others
as sodium nitrosyl (5). Attempts to elucidate the
structure of this substance have been made by
means of its Debye Scherrer pattern (s) and ma-
gnetic susceptibility (6), but no conclusive in-
formation was obtained in either way.

We undertook a spectroscopic examination
of the substance with the thought that this
should throw some more light on the problem
of its structure. .

Experimental

The substance was prepared as reported in
the literature (3,5,6). Metallic sodium dissolves
in liquid ammonia to give a deep blue solution.
This absorbs NO gas easily and is decolourised,
a suspension of a white crystalline powder inli-
quid NH, being formed.

Nitric oxide was prepared by dropping sul-
phuric acid into asolution of KNO, and KI. The
gas evolved was washed through conc. NaOH
and stored over water. When needed it was
conducted through two towers in series con-
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taining (a) CaCl, and (b) P,O, before use.

Gaseous ammonia from a cylinder was passed
through a tower full of pellets of NaOH and
condensed in asmall bottle where a piece of me-
tallic sodium had been placed. Then it was left
to evaporate and so purified it was condensed
in the reaction vessel which was kept in a so-
lid CO,—alcohol mixture. A freshly cut piece of
metallic sodium, dried as well as possible with
soft paper, was then introduced into the liquid
ammonia (2—3 g of Na per 30 ml of solvent)and
NO gas dried as explained in the preceding pa-
ragraph was conducted through the ammonia-
cal solution of sodium, which was gently shaken
occasionally to facilitate the reaction.

All the manipulations were performed in a
closed apparatus.

When the blue colour had disappeared the
temperature was allowed to rise. After ammo-
nia had evaporated the white powder left behind
was submitted to vacuum to remove any traces
of absorbed NH,, and placed in a vac—H,SO,
dessicator.

The chemical properties of the substance
were found to be as reported by previous inve-
stigators. It was highly hygroscopic and deli-
quescent. As soon as it came in contact with
water some gas [N,O (6)] was evolved. The so-
lution gave by addition of silver nitrate a yel-
low precipitate (i. e. silver hyponitrite) but also
some metallic silver appeared after a few minu-
tes.

Vibrational spectrum

1. Ruman. Attempts to obtain the Raman
spectrum of the substance in the solid state were
unsuccesful, The Raman spectrum of its aqueous
solution was observed by using atruncated-cone
cell which just filled the aperture-cone of the
spectrograph and allowed escape of gas bubbles
formed by the slow decomposition of the sample.
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The spectra were recorded on a Hilger E 612
spectrograph by using Kodak Oa-O fast plates.

Fig. | shows a microphotometer tracing of
one of them. The strongest Raman frequency of
hyponitrite anion, i. e. 1383. cm™ (1), was found
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Fig." 1. Raman spectrum in aqueous solution. 4,B,C,D,

are mercury lines. 1: Raman , 1383 cm-(N,0,*). 2:

Raman , 1065 cm-{(COy2-). Both excited by Hg A 4047 A.

in a number of spectra. No other Raman line
was detectable apart from 1065 cm™ due to CO,*"
which was formed during even a short exposure
of the solid substance or its highly alkaline so-
lution to the atmosphere. It is known (1) that
the second in intensity Raman line of N,0,* is
too weak to appear in spectra like the one in
Fig. 1.

2. Infrared. The solid substance was mixed
with KBr and pressed into adisc. This was used
to obtain the infrared spectrum, on a Hilger D
209 spectrometer (Fig. 2). Two strong absorption
bands at 1024 and 1272 cm™ are attributed to
the spectrum of the substance investigated. Also
some weaker omnes at about 870, 910, 1800 cm™
etc. Several other weak bands may be due to
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. Fig. 2. Infrared spectrum in KBy disc.
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impurities, e. g. the one at 1650 cm™ to traces
of ammonia. The strong absorption at 1440cm™
together with two weaker ones at 885 and 856
cm™. are known to be due to carbonate whose
presence as impurity is almost inevitable.

Discussion -

The many vibration bands in the infrared
spectrum eliminate the possibility of the sub-
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stance having the simple structure NaNO. The
spectrum of this should consist of one fundamen-
tal corresponding to the vibration of the diato-
mic species NO~. Besides, thision isisoelectronic
with the oxygen molecule, and would be expe-
cted to be paramagnetic, whereas Frazer and
Long (6) have found the substance diamagne-
tic.

Hence there can be little doubt that N,0,?,
is the anion of the substance in question, which”
however, is not identical with anhydrous so-
dium hyponitrite for the following reasons:

a) The two substances react differently with
water. Anhydrous sodium hyponitrite does not
show instantaneous decomposition but it only
starts decomposing slowly. If this substance is
dissolved in water, a part of it decomposes im-
mediately. The rest is then identical with hypo-
nitrite, as shown by its Raman spectrum and
the silver hyponitrite reaction.

b) It is hygroscopic and deliquescent. In this
it differs again from sodium hyponitrite.

¢) The infrared spectrum of this substance is
not the same as that of sodium hyponitrite, al-
though the characteristic hyponitrite bands are
also present.

d) According to Zintl and Harder (5) the De-
bye-Scherrer patterns of the two substances are
different,.

Thus the substance prepared by passing ni-
tric oxide into a solution of sodium in liquid
ammonia should no longer be called sodium ni-
trosyl or hyponitrite. We suggest it be known
as f-—hyponitrite, and we refer to it in this
way in what follows. '

Structure. In assigning a structure to the
N,O,* in f—hyponitrite the experimental data
listed above must be accommodated. It will
be seen that this can be best fulfilled if 8 —hypo~
nitrite is viewed as a mixture of c¢is and trans
stereoisomers (I and II).

0-

e
N=N N=N
/
0 -0 .0
I II

Divers® sodium hyponitrite has been shown (1)
to have strucrure I. The strong absorption band
at 1024 cm™ in the spectrum of f—hyponitrite
coincides with the only strong infrared active vi- -
bration of the hyponitrite ion (I), which has
been reported (1) to be 1020 cm™ and assigned
to N-O asymmetric stretching. Furthermore the
strong Raman line of species I [1383 em™ (1)] is
also found in the Raman "spectrum of g—hypo-
nitrite in solution. The presence of hyponitrite
(I) in this solution is also shown by the yellow
silver  hyponitrite reaction. These suggest that
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a part of f—hyponitrite is indeed identical with
Divers’ hyponitrite 1. e. it has the frans stru-
cture 1. .

At the same time the data (a) and (c) clearly
indicate the presence of one more species, which
is apparently far less stable in solution. Thus
its spectrum is observed in the solid f—hypo-
nitrite (infrared) but not in solution (Raman).

To assign a structure to this unstable con-
stituent the method of preparation of S—hypo-
nitrite must be considered. The spectroscopic
measurements of Smith, Keller and Johnston (7)
on liquid nitric oxide are alsorelevant. Conden-
sed nitric oxide seems to consist mainly of N,O,.
When diluted in solvents at low temperatures
it partly dissociates into NO. According to these
authors, N,O, is most likely a bent ONNO mo-
lecule without a centre of symmetry, i. e. with
a cis or staggered (intermediate between cis and
trans) structure. Thus it seems possible for an
anion like II to be formed from N,O, dissolved
in liquid ammonia.

The infrared spectrum of structure II is ex-
pected to consist of five fundamentals. The ob-
served absorption bandsin the infrared spectrum
of f—hyponitrite (apart from the one at 1024cm™)
may be attributed to the cis isomer (II), but it
is difficult to assign each one to a particular

mode of vibration. Three of the fundamentals’

are stretching vibrations i.e. symmetric N=N
and N—O (both species A,) and asymmetric
N—O (species B,) all expected in the region
1000—1400 cm” by analogy with the hyponitrite
spectrum. 1272 cm”™* appears a little lower than
the N= N and higher than the N—O stretching
vibration frequencies of hyponitrite. In the lat-
ter 1020 and 1115 cm™ have been assigned (1) to
N—O and 1383 cm™ to N=N stretchings. Howe-
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ver there is a possibility of resonance between
IT and forms like IIa which would lower the
order of the N=N bond and increase that of the
N—O bond. Thus 1272 cm™ could be due to one
of the stretching modes mentioned.

The possibility of the structure III can not
be eliminated by the spectroscopic evidence but
it is difficult to see how a species like I1Icould
be formed from either NO gas or N,O,.

Finally the hypothesis that f—hyponitrite
consists entirely of the cis isomer can also be
excluded, because it would leave unexplainable
why a part of this species should decompose ra-
pidly in water while the rest of it isomerizes to
the trans isomer,
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‘H ovvraic 1ot B-taovitpddors vargiov.

‘Yad K. N. Hoavagponoyaoy zai D. Wartsox

MetaAAkdy vérpiov SicAvetal edkdAws €vtds U-
ypomoinBelons. &ToAUTws Enpds Guuwvias. To Si&-
Avpa elvor Pabéws xuavolv. *Edv 1’ altol SiaPi-
Pactfi kabapdv kal Enpdv NO, oynuarilfera pia
Aevich) KpuoTaAhikf) kowis Tiis Owolas 1) cUoTaots,
(NaNO)y, elvar yvwoTi) &d paxpot (3), fi clvra-
15 8¢ auTfis UmeTiBero 8T fro NaNO, Ewadd) dia-
péper oUc1BES ToU &wibpou Umovitpcobous vatpiou
Na,N,O,. 'Ev ToUrois f} Umdbeors 6T f} oUola me-
piEyeal 16 &undv NO~ 8tv H8Uvaro vaeloradfon &e’
Sdtou alrn eUpédn SrapayvnTikn . (6). : .

TTpds Seukpiviow Tiis ouvtéEews Tiis obolas Tau-
s dpeAeThifn 1O @doua Boviioews aUTiis &v oTeped
kataoTdoe (UmépubBpov) kai &v SicAUoet (Raman).
*E&v ) oUola 1o NaNO 16 pdopa &moppogrioews
els 1O UmépuBpov Empemre v& &rroTeAfitan &mwd plav
pdvov Tep oxfv &moppogrioews. "Ev ToUTols 16 9&-
oua tugavileTar xord oAU TAOUTIGTEpOV Kal Emo-
péves 1 ovoia &mobaxvierar 611 elvn Na,N,0,.

*Ewaibn Suws altn Siogéper ToU katd Divers Umo-

wiTtpdBous vartplou mrpoTtelveTan’ Omws altn dvagé-
peton épeiis dos B-UmoniTpdddes vérpiov. "Ocov &go-
p& Bt els THv olvralv ToU g-UmoviTpwdous varpiou
ovoyétiols SAwv T&V SamOepdviov  TEIPAUATIKGY
BeSoutvewv &Bnyel els T cupmépacua &1 ToUTo elvan
&v uiypa (rans kal ¢is orepeoioopepddv (I kai IT).
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