





Reactions with Nitrate

commercially available material
(Eastman Kodak P5168) occurred
at 138-139° C. A potentiometric
titration of sublimed 2,4-dinitro-1-
naphthol with aqueous sodium hy-
droxide (0.1182 N with rel. std. dev.
0.055%, 6 trials), yielded a typical
titration curve of a weak acid indi-
cating only one acidic group in the
molecule: neut. equiv. 236.5; theor.
234.2. Anal. calcd. for C, H,N,O,:
C, 51.29; H, 2.58; N, 11.96; O,
34.16. Found: C, 51.36; H, 2.70;
N, 12.11; O (difference), 33.83.
The characteristics of the ultravio-
let spectra of 2-nitroso-1-naphthol-
4-sulfonic acid and 2,4-dinitro-1-
naphthol are presented in Table 1.
The progress of a reaction, where
2,4-dinitro-1-naphthol is formed from
2-nitroso-1-naphthol-4-sulfonic acid,
can be followed by a decrease in ab-
sorbance at 249 and 261 me, and by
an increase in absorbance at 299 me.
In order to determine the condi-
tions under which this system could
be adapted to the determination of
nitrate, it was necessary to study the
effects of acid concentration, temper-
ature, and time on the chemical sys-
tem. The conditions for the prepara-

TasrLe 1. — Ultraviolet absorption spectra
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tion of 2-nitroso-1-naphthol-4-sul-
fonic acid indicated the compound
was stable in hot, acidic, aqueous so-
lutions for a considerable period of
time. However, it was soon observed
that the acid concentrations necessary
for a reaction between low concentra-
tions of nitrate and 2-nitroso-1-
naphthol-4-sulfonic acid caused par-
tial decomposition of the latter. The
exact conditions of stability were
made the focus of attention.

The effect of temperature on the
stability of 2-nitroso-1-naphthol-4-
sulfonic acid (2.50 X 10* M) in
2.90 M perchloric acid and heated for
35 minutes, is presented in Figure 1.
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FIGURE 1. — The stability of 2-nitroso-
1-naphthol-4-sulfonic acid (2.50 X 10°*
M) as a function of temperature when
heated in 2.90 M perchloric acid for 35
minutes.
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Exp. Lit.! ‘ Exp. r Exp. -
Amax ¢ ~ Amax & { Amax & T max & )
(mp) (mp) (mp) L (mp) _
210 22,400 \ 221 38,700
261 27.000 261 26,385 249 16,800 270 21,300
347 5,000 347 4,451 299 12,300 ‘ 295 9,610
375 8460 1

! (Caskey, 1962).
* From slopes of Beer’s law plots.

387 5,280 }

* From slopes of Beer’s law plots, calculated via IBM 1620 computer from the

original data.
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data, when plotted, yielded a curve
almost identical to that of Figure 1.
Hence a higher acid concentration or
a higher temperature was needed.
The effect of the perchloric acid
concentration on the formation of
2,4-dinitro-1-naphthol at 50.5° C is
presented in Figure 4, and was stud-
ied using solutions containing (1.72
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Ficure 4. — The stability and forma-
tion of 2,4-dinitro-1-naphthol, as a func-
tion of perchloric acid concentration.
The solutions contained (1.72 to 2.50)
X 10" M 2-nitroso-l1-naphthol-4-sulfonic
acid and exactly a 100 fold greater con-
centration of sodium nitrate, respective-
ly, and were heated for 35 minutes at
50.5° C.

to 2.50) X 10* M 2-nitroso-1-naph-
thol-4-sulfonic acid with exactly a
one-hundred fold greater concentra-
tion of sodium nitrate, respectively,
and heated for 35 minutes. It can be
seen that although nitration some-
times occurred in 4.0-4.5 M per-
chloric acid, concentrations greater
than 4.5 M were required to insure
nitration. The slight decrease in slope
of the solid lines was perhaps due to
a slight decomposition of 2-nitroso-
1-naphthol-4-sulfonic acid.

The effect of time on the formation
and stability of 2,4-dinitro-1-naphthol
in 491 M perchloric acid at 50.5°
C is presented in Figure 5. Inasmuch
as the absorbance at 261 m# reached
a minimum value (the concentration
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of 2-nitroso-1-naphthol-4-sulfonic
acid had reached a minimum value)
and the absorbance at 299 me had
reached a maximum value (the con-
centration of 2,4-dinitro-1-naphthol
had reached a maximum value), the
nitration was complete within 35 min-
utes. It was evident that once the
maximum concentration of 2,4-dini-
tro-1-naphthol was formed, it was
essentially independent of time. In a
similar experiment using 1.537 X
10* M 2-nitroso-1-naphthol-4-sul-
fonic acid and 2.50 X 102 M sodium
nitrate in 2.49 M perchloric acid at
94° C, the absorbance at 249 me
reached a minimum, constant value
after 25 minutes, indicating the ni-
tration was complete within 25 min-
utes, and the product, 2,4-dinitro-1-
naphthol was stable in the hot per-
chloric acid.

The system was studied as a func-
tion of nitrate concentration. The
pertinent data is presented in Figure
6. When a reaction was observed not
to occur in 4.91 M perchloric acid, a
higher concentration of perchloric
acid, 8.44 M, at 50.5° C was found,
by trial and error, to cause a reaction
to occur between 2-nitroso-1-naph-
thol-4-sulfonic acid and sodium ni-
trate in a series of solutions contain-
ing 7.14 X 10™* M 2-nitroso-1-naph-
thol-4-sulfonic acid and varying con-
centrations of nitrate (less than 7.14
X 10™* M sodium nitrate) during the
heating period of 45 minutes. A high-
er concentration of perchloric acid
was examined since it had been
shown (see Figure 2) to have a
smaller effect on the stability of 2-
nitroso-1-naphthol-4-sulfonic acid
than did longer heating periods or
higher temperatures. The absorbance
values at 261 and 221 me for the















