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The infrared spectra of the sodium, potassium and ammonium salts of the dinitrososulfite ion are reported. Differences in

the spectra of these three salts are interpreted.
single bond character in it than previously proposed.

The synthesis of several materials containing the
dinitrososulfite ion can be accomplished by passing
nitric oxide into a basic solution containing sulfite
ion.? The reactions that the dinitrososulfites
undergo are very complex and, as a result, attempts
to deduce a structure from the chemical behavior
led to conflicting results.?~3 A single crystal,
X-ray diffraction investigation was undertaken and
the structures of the potassium, ammonium and
thallium salts were determined.! An accurate
determination of the bond orders could not be
ascertained from these studies and recently there
have been attempts™® to explain the electronic
structure of the dinitrososulfites from chemical
behavior. Evans and Gergeley® have also pro-
posed a structure based upon a molecular orbital
system of bonding throughout the N:0; group.
The infrared spectra were obtained in order to gain
additional information concerning the structures of
these salts.

An X-ray study of the sodium salt was not
undertaken by Cox, et al. Difficulties were en-
countered® in attempts to prepare single crystals of
this salt because of its much greater solubility. In
view of this surprising solubility, the infrared
spectrum of the sodium salt also was studied in order
to obtain evidence concerning its structure.

Experimental

The sodium and potassium salts were prepared by meth-
ods described by Weitz and Achterberg.? The ammonium
salt was prepared by a metathesis reaction based on the in-
solubility of ammonium dinitrososulfite relative to the so-
dium salt. In this procedure excess ammonium chloride
and ammonium hydroxide are added to the reactants used
to prepare the sodium salt. The crude ammonium salt pre-
cipitates out as the reaction proceeds. The salt is purified
by methods previously described.? The potassium salt
can also be prepared by a similar type reaction. The
purity of the salts emploved in this study are indicated by the
following analyses: Caled. for Ko.SO;N.0.: N, 12.83; K,
35.84. Found: N, 12.74; K, 35.67. Caled. for Na,SO;-
N:0s: N, 15.01; Na, 24.73. Found: N, 14.38; Na, 24.73.
Caled. for (NH,):SO;N:0,: N, 31.82. Found: N, 31.80.

Nujol mulls of the compounds were examined using a Per-
kin-Elmer model 21 infrared spectrometer with sodium
chloride optics. The potassium salt was also examined in
perfluorokerosene mull,
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It is also concluded that the N-N bond in this ion has considerably more

Results

Table I contains the results, obtained from the
infrared study. Tentative assignments have been
listed. Although the tentative assignments have
been designated as originating within a particular

TaBLE I
INFRARED BANDS AND TENTATIVE ASSIGNMENTS®

(N'Hs)z- Assignments and

K:50:2N0 S02N0 NazS0;2N0 lit. ref.

3230 1i,s NH stretch?0

3110 i,m

1435 i,m NH; " bending mode!?
1322 i,s 1330 i,s 1345 med,m NO stretch!?
1265-85 i,m 1282 i,m 1280 i,m S-0 stretch!!
1230 i,s 1202 med,s 1240 i,s N-O stretch!?
1130 i,s 1132 ,s 1147 i,s N-N stretchlz
1055 i,s 1057 i,s 1060 i,s $-0 stretch!!
922 i,s 925 i,s 934 i,s (S-K-N) vibration®
625 med,br 625 med,br 625 i,br $-0 bending mode!!

e The first symbol listed refers to the bond intensity:
i, intense; med, medium intensity; wk, weak. The second
symbol refers to band width: s, sharp, m, medium, br,
broad. ? Very little information is available on this type of
linkage. This bond does not occur in compounds that con-
tain only one nitrogen on the sulfur.!1? It does occur both
in the compounds reported above and in hydrazinosulfuric
acid. 13 The parentheses indicate this assignment is ques-
tionable and requires further investigation.

bond, it should be pointed out that the group fre-
quency vibrations in the 1300-650 region are not
completely localized within the bond designated.
There is only limited information available to sup-
port the assignment of the bond at 925 cm.—L.
Fortunately the doubtful assignment does not
seriously affect the conclusions that can be drawn
regarding the structure of these salts.

Discussion
The following structures are possible for the

dinitrososulfite ion. (Resonance forms for the
-S0; group are not included.)
~ !6!! 19 ~ B !(?! !i5!
(I) |0—S—N—N=0|~ (II) |[0—S8=N—N=0|"
10l IQII
B o] !(lil ) ) t?! t?t B
(II1) [0—S—N=N—0}~ (IV) |0—S5—N—N—0}~
0] 0]
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The actual structure undoubtedly is a resonance
hybrid consisting of most of these forms. From
the X-ray study it was concluded that structure
II1 is of greatest significance in contributing to the
final structure and in other publications’ structure
I11 was the only one indicated.

The absence of absorption in the 1500 cm.—!
region indicates that the N-N bond has a con-
siderable amount of single bond character in it.
This would indicate that other structures (I or
I and II) are quite significant in determining the
final state of the molecule. The Raman and infra-
red spectra of hyponitrite ion have been reported!+
and absorption at 1392 cm. ! was attributed to the
N-N bond. The authors interpreted this as indi-
cation of a considerable amount of single bond
character in the N-N bond. Using similar argu-
ments these studies indicate that the N-N bond in
the dinitrososulfite ion has more single bond
character than the N-N bond in hyponitrite for
the spectra of the potassium salt in perfluoro-
kerosene shows the absence of absorption up to
1322 cm. 1.

The tentative assignments have been made for
N-O and N-N absorption by considering the bond
types to be similar to those in the dialkyl nitros-
amines.!? The following assignments have been
reported for N-O and N-N vibrations in these
compounds!?: two vibrations for N-O stretch:
1315-1165 and 1265—! cm.—!; the N-N vibration
between 1135-1190 cm.—!. The structures of the
nitrosamines were regarded as a hybrid of the forms
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Absorptions fromm N=0 do not occur at higher fre-
quencies because of this resonance.

It should be kept in mind that in this study the
spectra were obtained on Nujol mulls of the solid
dinitrososulfites. It would be most desirable to
check these measurements with Raman data on
these compounds in solution to evaluate further
the above assignments.

The spectra of the potassium, ammonium and
sodium salts are all similar enough to indicate that
the structure of the sodium salt is similar to that of
the potassium and ammonium salt. With the
exception of the NH.* vibrations and the absorp-
tion at 1230 cm.—!, the spectra of the potassium
and ammonium salts are very much alike. The
difference in the N-O vibration at 1230 cm.=! can
be attributed to effects caused by hydrogen bond-
ing in the ammonium salt. The existence of
hydrogen bonding is further substantiated by the
splitting of the N-H stretching vibration in the
3200 cm.—! region.

The shifts observed in the infrared spectra of
the sodium salt compared to the other salts is
interesting in view of the larger solubility of the
sodium salt. The shifts probably arise from dif-
ferences in crystal stability resulting from either
anion-anion contact or from a different kind of
crystal lattice in the case of the socdium salt.
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Near Ultraviolet Absorption Spectra of the Pyridine Monocarboxylic Acids in Water
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The near ultraviolet absorption spectra of picolinic, nicotinic and isonicotinic acids (2-, 3- and 4-pyridinecarboxylic acids)
have been measured in 95% ethanol and distilled water solutions, and for isonicotinic acid, also for several mixtures of these

two solvents.

Changes in the spectra which occur when the solvent is changed from ethanol to water have been inter-

preted to show that the pyridine monocarboxylic acids exist primarily in the neutral, undissociated form in ethanol, and in

the anion and zwitterion forms in water.*

The spectra of the several species are discussed with regard to rather limited

theoretical information concerning the effects of a carboxyl substituent on the spectrum of benzene or pyridine.

Introduction

Recently the near ultraviolet absorption spectra
of the three pyridine monocarboxylic acids in aque-
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ous solution have been reported in a number of
papers,— the spectra having been observed in
order to determine the acid and base dissociation
constants of these substances. In each of these
papers the possible zwitterion forms of the mole-
cules were considered unimportant for an inter-
pretation of the observed spectra. However,
Jaffé® has discussed the tautometric equilibria of a
number of substituted pyridines and their 1-oxides
in aqueous solution and has concluded that nico-
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