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The Structure of the Oxyhyponitrite Ion

By David N. Hendrickson and -William L. Jolly’

3

The structure of the anion of Angeli's'saltl'(NaeNQO ) has never

‘been unequivocally,determihed. “Three strudtures have been considered:

'0=N-N<f) " . 0=N-0-N-0~ ~0-N=N-0-0"
o o \
I Ir 111

The ultraviolet spectrum,2 the inffared spectrum,3 the heat of formation,

and. the pK values’ have all been interpretéd as favoring structure I. In

this study, we have obtained'further evidence for strﬁcture I by asymmetrically

labelling the N2032- ion with 15N, and by theﬁtisotopically ahaiyzing

5 the products of an asymmetric decomposition of the ion.

. We preparéd 15N-1abelled Na2N203 by the reaction of labelled ethyl

nitrate with ordinary hydroxylamine:l’2

E60'7N0, + NH,OH + 200" - 0,20 + BoH + 2H,0 (1)
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The salt was decbmposed by treatment with aqueous silver ion:
0,Pmi0%” + agt - W0+ Vw0 +Ag (2)
i ; .

‘Essentially all the 15

N ended up in the nitrite. The 1ack of scrambling '
of the nltrogen atoms durlng the synthe51s and decomp051t10n proves that

the two nitrogen atoms in N are structurally dlstlngulshable

2° 3

‘, Therefore structure II is unequivocally eéliminated. The fact that the

15N was introduced in the form of an‘-NOQ group and finally éppeared
15 ;

in the form of an NO2_ ion is persuasive evidence that the "“N atom in

the N O e- jon was attached to at least two 6xygen atoms. Therefore

23

e eliminate strugture'IIIq" i
. ‘ . o cood ! ; '
Plausible mechanisms for the synthesis and decomposition reactions,

‘based on structure I, can be written.

15

NHOH™ + Et015N02 - Et0 + HONH “NO, ; | (3)
l:EEi4> on-19y0,,%~
oN-1210.% + ag" - Do, + lagwol )

L>, Ag + NO

Experimental Section

Syntheses.- Sodium oxyhyponltrlte was prepared by the reactlon of
hydroxylamlne with ethyl nltrate, as descrlbed by Addison et al.2_ The

compound was labelled asymmetrically with 5N in a reduced-scale syntheéis
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by using_lsNelabelled“ethyl niﬁrate which had been synthesized éy the
following‘procedure. An aqueoﬁs selution of ?.h% g of ofdihary potassium
nltrate and 0.511 g. of 95% N potassium nltrate (a total of 2.9k mmoles)
was passed through a column of AG 50W-X8 cation exchange re31n (200 koo
mesh) to give, upon evaporation of the eluate, 4.9k g. (2.91 mmoles) of
1ebelled silver nitrate. This AgNO3 was treate@ with 3.k mmoie'of ethyl
iodide in 10 ml. of absolute ethanol at room temperature for 30 minutes.,'.
The resulting ethanol solutlon of 1abelled ethyl nitrate was then vacuum-
;.dlstllled at room temperature from the 51lver iodide pre01p1tate and
was treated with an ethoxide-ethanol solution of h.30 mmole of hydroxylamine,
as per Addison et é;. The 5N--labelled Na2N203 was twice recrystallized
by @issolvinénin a minimum of water and adding an excess of absolute
e%handl, and was then washed with ether aed vacuum—dfied. A yield of
0.224 g. (6.?%,Hbased on KNO3) was obtained:

The unlabelled and labelled products were charactefized by;hydrogen
and nitrogen'anelyses and by the u.v. spectfa of theif=aqﬁeous.;olutions.
These data indicated that the samples were hydrated mlxtures contalnlng

approx1mate1y 85% Na2N 0, and 5% NalNo,, » U (Sodlum oxyhyponltrlte is known

273

to be very hygroscopic and is usually contaminated with sodlum nltrlte 2)

pnlabellea material: Anal. Calcd. for NaQNéO3 N, 22.98. Found: H, 0.67;

N, 20.0k. L%belled material: Anal. Caled. for NaN0.: N, 23 08.

Found: H, 0.85; N, 19.22. The nltrlte impurity explalns why more nitrite
. than nitric oxide was obfalned from the reactions with silver ion (see -
beloﬁ)- Its presence did not affeet the vaiidity of the fesulte; the lack
iof appreciable labelling of the‘nitric oxide in reaction 2 is the principal

 evidence for an asymmetric N.0_“ ion.

2 3,
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-Decomposition Reaction.- Reaction 2 was effected by tipping 0.3-0.L4

mmole of Na2N203 from a s1de -arm during 5 min. into-excesé of a degassed
aqueous AgCth solutlon maintained at 0° whlle Toepler—pumplng the evolved
. gas through a -112° trap into a gas buret The gas was measured and then
:=ana1yzed mess~spectrometrically- The remaining solution mas”then frozen

at -78°; 1 ml. of 60% HéSOu was added, aﬁd-the_mixture was _wa_mfed and ﬁeld -

at 70° for 12 hr. This piocedure converted the nitrite to nitric oxide;

which was pumped off and analyzed aé described above.

H +N0,” +Ag > NO+Ag +HO . (5)

-, .
N I

Four samples of the' unlabelled eompound and three samples ef the
1abellealcompound were decompoeed ana analyzed by the abo?e pmoeedures.
The tetai_nitrie'bxideS formed in reacfions 2fand 5 cdrreépondea within
5% to the nitrogen contents of the samples. fhe amoﬁnt of nitmmc exide

from reaction 5 was generally 5-15% greater than that from reaction 2.

Isotopic Analysis.- The nitriconide samples were-ahalyied with a
Consolidated Engineering Corp. mass Spectrometer (Model 21-620). The
’.'samples were found to contain 0-5% nitrous oxide. In thejruns with

labelled Na N, 0_, the NO from reaction 2 was found to contain 1.1-1.5%

3’
atom‘%*;5N,9 and the NO from reaction 5 was found to contain 1k.2-15.0

atom % 15N.

Acknowledgement.— This research was supported by the U.S. Atomic

Energy Commission. . o
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Nbé at 250 and 365 ms.

Corrected for the presence of N20.

Ordinary nltrogen contains O. 36 atom %
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, ''person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




o

TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720



