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Synopsis. Solid state colour reactions of 2,4-dinitro-
toluene have been used for the selective detection of organic
compounds and semiquantitative determination of indole,
p-dimethylaminobenzaldehyde and diphenylamine in a glass
capillary. Phloroglucinol and tryptophan do not interfere
with the determination of indole. A glass wool plug modi-
fication makes the selective test almost specific for indole.

2,4-Dinitrotoluene (DNT) gives interesting colours
with a number of compounds.!-3 A recent study has
proposed the use of DNT for the detection of amines.)
In this note we present methods for the solid state
detection and semiquantitative determination of some
organic compounds.

Reagents. DNT (Fluka) and p-dimethylamino-
benzaldehyde (p-DAB) (E. Merck) were used. All
other reagents were reagent grade and used without
further purification. Apparatus: VSU-2(GDR) re-
flectance spectrophotometer and Perkin Elmer 621 spec-
trometer were used for obtaining UV-visible reflect-
ance and IR transmission spectra respectively.

Procedure

Solid State Detection. About 5—10mg of the solid
(or 5—10ul for liquids) was rubbed with several mg of
powdered DNT in the depression of a white spot plate.
This was to check the colours in neutral medium. To see
the effect of acidic or basic medium sodium carbonate or
oxalic acid was added to the test substance and DNT; the
content was again rubbed and the colour observed was
then noted.

Detection by the Capillary Solid State Tests. The well
powdered reagent was introduced from one end of a 10
cm capillary (3 mm bore) with the help of an iron rod. The
test material was introduced similarly from another end
till the two materials came in close contact with one another.
Both the ends of the capillary were closed with the help
of two cotton plugs. The capillary was kept in an oven
at 4242 °C for one hour. This temperature was chosen
as some of the solids used in this study melted at 45 °C. The
colour of the product formed at the junction was recorded.
No product gave any fluorescence under a UV lamp.

The limits of identification of indole, p-DAB, and diphen-
ylamine (DPA) were determined by mixing weighed amounts
of well powdered sodium carbonate as a diluent. The
mixture was triturated in a small mortar till it became homo-
geneous. Such a mixture is termed as a synthetic mixture
in this paper. The synthetic mixtures contained 1—109,
of the test substance. Tests were conducted in the capillary
as described above. The synthetic mixture containing the
largest percentage of the test substance was tried first and
the colour at the junction noted. The procedure was re-
peated with synthetic mixtures containing lower percentages
of the test material till no colour was produced at the junction.
In this way the limit of identification was determined for
each test substance.

Semiquantitative Determination by Capillary Solid State Tests.
Approximately 400 mg of the reagent was introduced from
one end of the capillary. Synthetic mixtures containing
10—1009% of the test material were then introduced as
described above. Three types of synthetic mixtures were
tried i.e. those diluted with sodium carbonate oxalic acid
and starch. The set of capillaries containing different per-
centages of indole or DPA were heated in an oven at 45+
2 °C for 1 h. This temperature was chosen as indole melts
at 52°C and DPA at 54°C. As p-DAB melts at 75°C
the capillaries containing p-DAB were allowed to react at
65 °C for 1 h. The length of the coloured boundary formed
at the junction was proportional to the concentration of
the test material.

Semiquantitative Determination of Indole in the Presence of Tryp-
tophan and Phloroglucinol. For the semiquantitative de-
termination of indole in phloroglucinol or tryptophan mix-
tures, various synthetic mixtures of indole were prepared
using phloroglucinol or tryptophan as diluents. These two
substances were chosen as they generally interfere in the
tests of indole.” The capillaries containing the reagent
and the synthetic mixture were kept at 4542 °C for 1 h.
Capillaries were filled with synthetic mixtures containing
10—100% of indole. The same slope was obtained when
a calibration curve for indole was prepared by using potas-
sium chloride or sodium carbonate as a diluent instead of
phloroglucinol or tryptophan (Fig. 1). This implies that
the latter two compounds do not interfere with the deter-
mination of indole. The starch plot does not pass through
the origin, hence starch should not be used as a diluent.
Similar studies show that DPA can be determined in the
presence of N,N’-diphenylthiourea and tryptophan.

Glass Wool Plug Modification for Selective Determination of
Indole. When a glass wool plug was introduced be-
tween DNT and the test samples, a yellow colour was ob-
tained at the DNT-glass wool boundary only in the case of
indole. None of the substances in Table 1 and their mix-
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Fig. 1. Semiquantitative determination of indole, in
the presence of different diluents.
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TaBLE 1. COLOUR REACTIONS OF ORGANIC COMPOUNDS
wrth DNT
Amount Temperature Thickness of the 00
No. Compound taken] o the spot Colour of the ¢sloured bound.
mg test/® pot mm at 42+2°C

1 DPA 100 25 OR 10.0 -10.0}-

2 Benzidine 100 35 BR 0.5 ~ ¢

3 2-Naphthylaminc 100 35 Y - gD

4 p-Toluidine 100 35 o 16.0 ';"<

5 N-Phenyl-2-naphthylamine 100 35 Y 1.5 o =200

6 o-Phenylenediamine 100 35 B 1.0 <

7 p-Phenylencdiamine 100 35 B 0.0 ()

8 o-Nitroaniline 100 35 Y 2.0

9 m-Nitroaniline 100 35 Y TR ~30.0(-

10 p-Nitroaniline 100 35 Y -

11 p-DAB 100 35 o 2.5 \ : .

#-Dimethylaminocin- ,, -40.0

"2 namaldchyde (-DAC) !0 % Y TR 30 32 3.4 36

13 1-Naphthol 100 35 Y TR®

14 2-Naphthol 100 35 v TR 103T-1/K?

15 o-Nitrophenol 100 35 Y 12.5 . .

16 m-Nitrophenol 100 35 v _ Fig. 2. Dependence of reaction rate on temperature for
17 p-Nitrophenol 100 35 Y 2.5 the DNT-DPA solid-state reaction, whereby:

1 -Dini - _

i S SR S Eoklost

20 Brucine(anhydrous) 100 35 v TRY where ¢ is time in h, and £ is length of coloured bound-
21 8-Quinolinol 100 35 Y - ary.

22 Phenol 100 35 Y -

23 Ethylenediamine (liquid) 100 35 Bl -

24 1,3-Propanediamine (liquid) 100 100 Bl - are in consonance with the formation of weak charge

a) Y: Yellow, B: Brown, BR: Brick red, O: Orange, Bl: Blue, OR: Orange red.
b) TR: Thin ring.

tures gave any colour. The test is therefore specific for

indole.

Results and Discussion

The colours obtained by direct trituration of test
material with DNT are given in Table 1.

The colour reactions with DNT were not altered
when performed in the presence of oxalic acid or so-
dium carbonate. The colour reactions of DNT were
studied with representative members of aliphatic
amines, phenols, substituted phenols, ketones, alde-
hydes, ureas, sugars, amino acids, acids, alcohols, hy-
drocarbons, and their derivatives, and ethers. No sub-
stance except those reported in Table 1 gave any col-
our.

As benzidine gives a characteristic colour with DNT
it was detected by triturating with DNT at 35 °C in
the presence of phloroglucinol, tryptophan, p-DAB,
brucine, DPA, p-chlorobenzaldehyde, o- or m-nitro-
aniline, 2-hydroxy-3-methylbenzaldehyde, maltose, glu-
cose, phenylthiourea, citric acid, nicotinic acid, and
p-toluidine.

The limits of identification for indole, p-DAB and
DPA by the capillary solid state test are 7.7, 2.3, and
1.9 pg respectively. The limit of identification for in-
dole when a glass wool gap of 4 mm was introduced
between the reagent and indole is 155 pg. Each point
in Fig. 1 is an average of five readings with precision
and accuracy of 3—49,.

Of the 138 compounds studied, only aromatic
amines, phenols, naphthols, indole, p-DAC, brucine,
and 8-quinolinol gave coloured reactions with DNT.

The UV, visible, and IR spectra of the compounds
formed by mixing DNT with DPA, p-DAB, or indole

transfer complexes.®-14)

The coloured boundary was found to increase with
time and temperature. Thus a plot of logk vs. 1/T
obtained for the DNT-DPA reaction is given in Fig.
2. The plot was used in another connection that is
to obtain the energy of activation of the DNT-DPA
solid-state reaction.!® Similar plots are expected for
the DNT-p-DAB and DNT-indole reactions.
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