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Absorption Spectra of Unstable Colored Intermediates from Picryl
Chloride by the Action of Sodium Hydroxide

By Takehiro ABE

(Received July 9, 1960)

In a previous paper', it was reported that
on treatment of an aqueous solution of picryl
chloride with a drop of aqueous solution of
sodium hydroxide, a red solution was instan-
taneously formed and in a few minutes changed
into a yellow solution which showed a spec-
trum closely resembling a spectrum of picric
acid. At room temperature the red color faded
away so fast that its spectrum could not be
measured. It has, however, been found that
the red solution containing a small quantity
of ethanol is relatively stable. An attempt
has, therefore, been made to measure the
spectrum of the red solution prepared by
adding a sodium hydroxide solution to an
aqueous picryl chloride solution containing a
small quantity of ethanol, together with spec-
tra of colored solutions of picryl chloride in
ethanol and in acetone in the presence of
sodium hydroxide. These spectra have been
compared to investigate a solvent effect on
them.

Experimental

Picryl chloride of Tokyo Kasei Co. guaranteed
grade was recrystallized twice from methanol-water ;
m. p. 82.5°C (lit. 83°C). Commercial pure picric
acid was recrystallized three times from water;
m. p. 122.6°C (lit. 122.5°C). Commercial guaranteed

1) T. Abe, This Bylletin, 32, 339 (1959).

ethanol and acetone were fractionally distilled after
usual treatments. The spectra of the solutions
were measured with a Hitachi EPU-2 spectrophoto-
meter at room temperature. Path length of absorp-
tion celles was 1cm.

Results and Discussion

Absorption Spectra of the Red-Colored Solu-
tion in Water Containing a Small Quantity of
Ethanol. — The orange aqueous solution of
picryl chloride was made by pipetting 1cc. of
an aqueous sodium hydroxide solution and
5cc. of ethanol into lcc. of a paleyellow
ethanolic solution of picryl chloride and dilut-
ing the solution with water to 25cc. The
orange solution changed into a paleyellow
solution by addition of a dilute aqueous solu-
tion of hydrochloric acid immediately after
the preparation. When it was allowed to
stand at room temperature, the orange solution
changed gradually into a yellow solution.
The spectra of the orange solution are shown
in Fig. 1. Picryl chloride in water, in ethanol
and in acetone dose not show an absorption
maximum in a range of wavelengths from 300
mg to 600 mgD. The orange solution gives
absorption bands at about 360, 416 and 490
mg immediately after the preparation, but an
only intense absorption band at about 397 mg
when the solution is allowed to stand at room
temperature for more than six hours.
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Fig. 1. Absorption spectra of picryl chloride

(3.15%x10"mol.) in water containing
ethanol (249 by volume) in the présence
of sodium hydroxide (0.377 N) at room
temperature.

immediately after the preparation,
after 2.5hr.,

after 6hr.,

after 9hr.,

after 20 hr.
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Spectra of a solution of picric acid under
the same condition in which the orange
aqueous solution of picryl chloride was pre-
pared, are indicated in Fig. 2. The solution
of picric acid shows absorption bands at about
360 and 400 my, due to picrate anion, im-
mediately after the preparation. However,
when it is allowed to stand for many hours,
the solution gives a 396 mpg band similar to
the absorption curves 3-5 in Fig. 1. On
addition of an aqueous hydrochloric acid solu-
tion, the 396 mg band of the solution of picric
acid disappears, as indicated in Fig. 3. Neither
a spectrum of an aqueous picric acid solution
(3.12x10~% mol.) only in the presence of sodium
hydroxide of 0.377N nor a spectrum of an

ethanol (249 by volume) in the presence
of sodium hydroxide (0.377 N) at room
temperature.

immediately after the preparation,
after 2 hr.,

after Shr.,

after 9hr.,

after 20 hr.
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aqueous picric acid solution (3.12%10~°mol.y
containing only 242, ethanol by volume
changed at all, although the solutions were
allowed to stand at room temperature for more
than ten hours. The intense 396 mg bands in
Fig. 2 closely resemble those of aqueous con-
centrated sodium hydroxide solutions of picric
acid®. Both of the latter also disappeared
when hydrochloric acid was added to the
solutions. Accordingly, the 396 mg bands in
Fig. 2 may be due to a complex between picric
acid and sodium hydroxide.

From the above results, the 397 mg band of
the solution in Fig. 1 can be considered to be
due to picric acid produced from picryl
chloride, in water containing both ethanol and
sodium hydroxide. The 360mg band of the
absorption curve 1 in Fig. 1 appears to be

2) T. Abe, Nature. 187, 234 (1960).
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Fig. 3. Absorption spectra of solutions
obtained by adding 2cc. of water and
2cc. of an aqueous hydrochloric acid
solution (6.24 N), respectively, to 5cc.
of the solution of Fig. 2, stood for 25 hr.
1 water,

2 hydrochloric acid.

due to picric acid that changes later into the
complex giving the 397 mpg band. Therefore,
the 416 and 490 my bands of the curve 1 in
Fig. 1 can be considered to be due to an
labile intermediate that appears in the process
of the substitution reaction of picryl chloride
(I) to picric acid (III). This intermediate
may be expected to be the same addition pro-
duct II of Meisenheimer’s type as presented
for many colored products of polynitrobenzene
derivatives with alkalies!~!%,

3) J. Meisenheimer, Ann., 323, 205, 214, 241 (1902).

4) R. Foster and D. LL. Hammick, J. Chem. Soc., 1954,
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(red-colored)

The absorption curve 1 at 416 and 490 mg
in Fig. 1 closely resembles those of red aqueous
solutions of 1,3, 5-trinitrobenzene, 2,4, 6-tri-
nitrotoluene and tetryl in the presence of
sodium hydroxide!'™>. The intense 416 mg
band lies at the wavelength close to that of
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Fig. 4. Absorption spectra of picryl chlo-

ride (1.77x107*mol.) in ethanol (con-
taining 49, water by volume) in the
prgsence of sodium hydroxide (4.16x
10-2N) at room temperature.

1 immediately after the preparation,

2 after 2hr.,

3 after 20 hr.

the maximum for an aqueous solution of a
red complex obtained from an acetone solution
of picryl chloride in the presence of ammonia
water®,

Absorption Spectra of the Red-Colored Solu-
tion in Ethanol.—The orange ethanolic solution
of picryl chloride was made by pipetting 1 cc.
of an aqueous sodium hydroxide solution into
an ethanolic picryl chloride solution and
diluting the solution to 25cc. As indicated
in Fig. 4, the orange ethanolic solution shows
two absorption maxima at about 412 and 490
myt close to those of the bands for the orange
aqueous solution of picryl chloride. Yellow
crystals began to precipitate from the orange
ethanolic solution allowed to stand at room
temperature for two hours. As shown in Fig.
4, the part of the solution gives the absorption
maxima at the same wavelengths.



24 Takehiro ABE [Vol. 34, No. 1
04 04
03 03
- =
[+] [*]
g g
202 S 02
o o
W i
o o
< <
0l 01
F
0 I N 1 L 0 N
400 500 600 300 400 500
Wavelength, mp Wavelength, mp
Fig. 5. Absorption spectra of picryl chlo- Fig. 6. Absorption spectra of picric acid

ride (1.73x10-%mol.) in acetone (con-
taining 4% water by volume) in the
presence of sodium hydroxide (4.16x
10-2N) at room temperature.

1 immediately after the preparation,

2 after 1hr.,

3 after 3 hr.

It was reported by Farmer® that on treat-
ment of picryl chloride with methanolic potash,
Meisenheimer’s anion of [Picryl chloride-
OCH;] - was produced. It was reported by
Nagakura and Oosawa'® that when methoxide
ion was added to a methanolic solution of
chloro-dinitrobenzene, a red color appeared
immediately and soon disappeared, and that
chloro-dinitrobenzene was almost completely
converted into dinitroanisole. The visible
absorption curves in Fig. 4 would be due to
Meisenheimer’s product II. These absorption
curves do not resemble that (showing an
intense absorption band at about 425 mg) of
an ethanolic solution of the red complex
obtained from the acetone solution of picryl
chloride in the presence of ammonia water®,

Absorption Spectra of the Red-Colored Solu-
tion in Acetone.—The reddishorange solution
of picryl chloride in acetone was made by
pipetting 1cc. of an agueous sodium hydroxide

(1.81x10-3mol.) in acetone (containing

49, water by volume) in the presence of

sodium hydroxide (4.16< 1072 n) at room

temperature.

1 immediately after the preparation,

2 after 1hr.,

3 after 3hr.,

4 a solution of picric acid (1.81x10-3
mol.) in acetone.

solution into an acetone solution of picryl
chloride and diluting the solution to 25cc.
As indicated in Fig. 5, the reddishorange
solution gives two absorption maximum bands
at longer wavelengths of about 450 and 515
mg, as compared with the orange aqueous
solution in Fig. 1 and the orange ethanolic
solution in Fig. 4. When allowed to stand,
the reddishorange solution gradually changed
into a decolorized solution giving a band at
about 390mg. About three hours after the
preparation the reddishorange solution became
turbid. The spectra-of the solution could not,
therefore, be measured after that time.
Spectra of a solution of picric acid under
the same condition as when the reddishorange
solution was prepared, are indicated in Fig. 6.
The solution of picric acid showed an intence
band at about 390mpg immediately after the
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preparation and also became turbid after about
three hours. Absorbancy of the 390 my band
decreases as the solution is allowed to stand.

Kimura'® reported that picryl chloride in a

CH,COCH,
NO.

v

CI, OH
0.N NO:

NO,

V1

The color reactions of trinitrobenzene deriva-
tives with alkalies, however, occur instantane-
ously at room temperature even in the absence
of acetone!~%1%-15, The absorption curve 1
in Fig. 5 closely resembles that of 1 in Fig.
1. In addition, the 360 mg band of the ab-
sorption curve 3 in Fig. 5 seems to be due
to picric acid produced in comparison with
the absorption curves 1-3 in Fig. 6. Ac-
cordingly, the curve 1 in Fig. 5 would be
due to the product II described above.

The curve (1) in Fig. 5 closely resembles
that of a red solution prepared by adding a
drop of aqueous sodium hydroxide solution to
1,3, 5-trinitrobenzene in acetone'®.

Summary

The red solution prepared by adding sodium
hydroxide to an aqueous picryl chloride solu-
tion containing a small quantity of ethanol,

16) T. Abe, This Bulletin, 32, 778 (i959).
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mixture of acetone and methanol (509 by
volume) gave an intense 450 mz band and
weak 520~530 mg ones, and stated that the
following four products were responsible for the
color, where the product IV was predominant.

Cl__CH,COCH,
O,N NO.
NO.
v
HO.__CH,COCH;
0,N-" \-NO:
0,
Vi

was relatively stable even at room temperature.
The red solution showing the two bands at
about 416 and 490'my, changed into the yellow
solution showing the band similar to that of
picric acid under the same condition. Accord-
ingly, the 416 and 490 mg bands may be due
to the intermediate of Meisenheimer’s type in
the process of the substitution reaction of
picryl chloride to picric acid.

In the presence of sodium hydroxide, picryl
chloride in ethanol as well as in acetone
finally gave the absorption bands analogous
to that of picric acid in water containing
ethanol. The red solutions in ethanol and in
acetone, therefore, would be due to the same
intermediate.

The author is particularly indebted to Pro-
fessor Yokan Nomura for helpful discussions.
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