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meric benzenoid compounds, permit an energeti­
cally, especially favorable distribution of charges. 
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The ultraviolet absorption spectra of pyridine 1-oxide and of its conjugate acid, 1-hydroxypyridinium ion, have been de­
termined in water and in 50% sulfuric acid, respectively, and are compared with the spectra of pyridine and pyridinium ion 
The effect of substituents in the 3- and 4-position on the spectra of pyridine 1-oxide and of its conjugate acid are determined. 
The spectra of isoquinoline 2-oxide and of its conjugate acid are also reported. 

The ultraviolet absorption spectrum of pyridine 
is well known.2 Its most outstanding feature is a 
band near 256 my with a molar extinction coefficient 
«max 2.66 X 103, both values in aqueous solution. 
This band shows a well denned vibrational struc­
ture. In acidic solution, where the species present 
is pyridinium ion, the wave length of this band is 
unaltered, but emax is increased twofold, to 5.32 X 
103, and the vibrational structure is greatly de­
creased.23 The difference between the two spectra 
must be ascribed to the tying up of the unshared 
electron pair of the nitrogen atom, and to the in­
troduction of the formal positive charge at this 
atom. 

An alternate way of tying up the lone pair con­
sists of oxidizing pyridine to its 1-oxide. 

The spectrum of the latter compound is shown in 
Fig. 1 (cf. Table I). It shows a single very intense 
band, devoid of all vibrational structure, at almost 
the same wave length as the bands of pyridine and 
pyridinium ion, but of much higher emax- The in­
tensity difference between pyridinium ion and pyri­
dine 1-oxide can be understood since the latter com­
pound has an appreciably larger conjugated sys­
tem, due to the contributions of structures of the 
types I and II.3 The spectrum also shows that a 

. N + - O - + = 0 

further band is present at the far ultraviolet end 
of the range accessible with the available equip­
ment. The band maximum probably lies at 205 
my, and has a molar extinction of about 1.7 X 104. 

Introduction of various substituents in the 3-
position does not greatly affect either the wave 
length or the intensity of the 254 my. band of pyri­
dine 1-oxide. Substituents in the 4-position have a 
somewhat larger effect in increasing the intensity 
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of the absorption, up to almost twofold, and leading 
to a red-shift of up to 26 my (cf. Table I). The 
shorter wave length band appears to be somewhat 
more susceptible to effects of substituents, particu­
larly those in the 3-position. 

Fig. 1.—The spectra of pyridine 1-oxide in water (A), 
and of 1-hydroxypyridinium ion in 62% sulfuric acid 
(B). 

As commonly found in spectroscopic investiga­
tions, the nitro group exerts a profound effect; 
the spectrum of 4-nitropyridine 1-oxide is shown in 
Fig. 2. 

From the intensity, from the effect of substitu­
ents on the wave length (red-shift), and from the 
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TABLB I 

THE ULTRAVIOLET ABSORPTION SPECTRA OP SUBSTITUTED PYRIDINE 1-OXIDES AND THEIR CONJUGATE ACIDS 
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3-CH3 

3-COOH 
3-COO-
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3-NHCOCH3 

3-NH2 

3-NH3
 + 

4-CH3 

4-COOH 
4-COO-
4-OH 
4 - 0 -
4-NH2 

4-NO2 

3,4-(CH)/ 

X, uifj. 

254 
209; 254 
220; 260" 
216; 257 
225;263 

240; (254)" 
234; (252)6 

295 
314 

206; 256 
216; 280* 
212; 273 

262" 
272 
276s 

226; 313 
[218; 250 
\ 294 

2 
2 

emax 

i 
2 
2 
1 

53 
28 

1 
1 
1 

0 
2. 

98 
24 
18 
45 

X 10-< 

1.19 
1.17 
1.02° 
1.09 
1.04 

(1.50); 0 17 
(1.15); 0.27 

87 
12 
51 

80 
33; 

1.43 
1.71" 
1.60 
1.35^ 
1.77 
1.90" 
1.25 

3.10 
0.86 

X, uifi. 

217; 257 
220; 263 

(218)6; 265 

X N + — O H 

ema% X 10"* 

0.49; 0.29 
0 .42 ;0 .35 

(0.69); 0.21 

222; 261 
226; 254 
232;272 

0 .51 ;0 .26 
0.83; 0.27 
0.96; 0.35 

240 1.05 

268' 
244; (28O)6 

212; 234 
280; 330 

1.61' 
0 .82 ; (0 .38) 
2.05; 4.741 
0.27; 0.36] 

" These data are corrected for the ionic species present at equilibrium. Inflection points. " These data are taken from 
the graphs of E. Shaw, T H I S JOURNAL, 71, 67 (1949); the solvent was alcohol. Shaw states that in water, X n ^ = 255 mu. 
d In alcohol, Shaw finds XmaI = 268 mu, em»i = 1.4 X 10'; cf. the reference in footnote c. e The wave lengths agree well 
with those reported by H. Hirayama and T. Kubota, J. Pharm. Soc. Japan, 73, 140 (1953); our ema*-values are about 5% 
lower than those reported by the Japanese authors. ' Isoquinoline 2-oxide and its conjugate acid. 

behavior on addition of a proton (cf. below), it 
appears likely that the electronic transition respon­
sible for the 254 m/x band of pyridine 1-oxide is 
closely related to the bands at essentially the same 
wave length in pyridine and pyridinium ion. This 
transition has the nature of a TT-TT* transition in py­
ridine,4 and the data presented here are consistent 
with this interpretation. 

Pyridine 1-oxide is a weak base,6 and in moder­
ately acidic solutions is present as the conjugate 
acid, 1-hydroxypyridinium ion, III . The longest 
wave length absorption band of III is found at 

<^ ^ N + - O H =0 + H 

III IV 

Fig. 2.—The spectra of 4-nitropyridine 1-oxide in water (A), 
and of its conjugate acid in 62% sulfuric acid (B). 

(4) Th i s a s s ignmen t has recent ly been reviewed, reference l b . 

about the same wave length as the corresponding 
band of pyridine 1-oxide, but has a much lower 
molar extinction (cf. Fig. 1 and Table I). The lat­
ter fact is not surprising since the only resonance 
involving the hydroxy group analogous to struc­
ture II is the high energy structure IV. The in­
tensity of the band in III is even lower than that 
of the corresponding band of pyridinium ion. A 
further band appears in the spectrum of III at 218 
mu with emax 0.49 X 104. This band probably 
corresponds to the same transition responsible 
for the 205 mju band in pyridine 1-oxide, although 
the intensity is greatly decreased. 

Introduction of substituents into the 3- or 4-po-
sition of 1-hydroxypyridinium ion does not greatly 
affect the 257 mju band (cf. Table I), with the ex­
ception of those substituents (e.g., 4-OH and 4-
NH2) which are able to donate electrons to the ring 
nitrogen atom by a resonance effect. Just as in the 
free bases, the short wave length band appears 
somewhat more sensitive to the effect of substitu­
ents. The spectra of the 4-hydroxy and 4-amino 
derivatives of III resemble those of the correspond­
ing free bases, except for a blue-shift and slight re­
duction in intensity (cf. Fig. 3 and Table I). It 
can hardly be decided at this time whether we are 
actually dealing with a blue-shift of the band of 
the free base, or whether a transition of fundamen­
tally different nature, say due to the resonance V -»• 
VT, is responsible for the band. The effect of the 
nitro group on the spectrum of III does not resem-

Ij) H. H. JaITe and G. O. D o a k , T H I S J O U R N A L , 77, 4441 (1953). 
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225 ZSO 275 300 
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Fig. 3.—The spectra of 4-hydroxypyridine 1-oxide in 
water (B), its conjugate acid in 62% sulfuric acid (C), and 
its conjugate base in 0.1 N sodium hydroxide (A). 

ble t ha t of the other subst i tuents; the spectrum of 
4-nitro-l-hydroxypyridinium ion is shown in Fig. 2. 

V VI 
The spectra of isoquinoline 2-oxide and of its 

conjugate acid are shown in Fig. 4. The spectra are 
much more complex than those of the correspond­
ing pyridine and quinoline6 derivatives. Each 
compound has three bands, a t least one of which 
has very high intensity. No analysis of these 
spectra will be a t tempted a t this time. 

Experimental 
The preparations of the compounds used in this investiga­

tion were reported previously.3'5 All spectra were de-

(6) H. Hirayama and T. Kubota, J. Pharm. Soc. Japan, 72, 1025 
(1952). 

2 25 275 325 

Fig. 4.—The spectra of isoquinoline 2-oxide in water (A), 
and its conjugate acid in 62% sulfuric acid (B). 

termined at 25° with a Beckman D.U. spectrophotometer, 
using 1-cm. cells. Concentrations were adjusted so that 
the optical density at the various peaks was between 0.3 
and 0.7. The spectra of the N-oxide free bases were deter­
mined in aqueous solution, although the solutions contained, 
in some cases, up to 2% alcohol used to dissolve the com­
pounds. The spectra of the 1-hydroxypyridinium ions 
were determined in mixtures of equal volumes of water and 
sulfuric acid (about 62 wt. % H2SO4); this concentration of 
acid was sufficient to convert all of the free bases to their 
conjugate acids.6 The N-oxides of nicotinic and isonico-
tinic acids in dilute aqueous solution (3.5 X 106 M) are 
completely ionized. The spectra of the free acids were ob­
tained by correcting extinction values from solutions in 
dilute (0.1 N) sulfuric acid for both the 1-hydroxypyridinium 
and the nicotinate (isonicotinate) ions present at equilib­
rium. These concentrations were calculated from equilib­
rium constants reported elsewhere.6 
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