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INTRODUCTION

Dlphenylamme (DPA) has been used e\tenswely as a stabilizer in nitrocellulose (NC)
containing explosives and propellants. Its primary function is to react with the oxides
of nitrogen formed by the slow decomposition of the NC, thef:eby being converted
into the corresponding N-nitrosc- and nitro- derivatives.

The complexity of diphenylamine products is well known!, and very few’ 1dent1ﬁ-
cation mathods are reported in the literature. HANSSON AND ALM? describe a one-di-
mensional thin layer chromatographic (TLC) method for the identification of eight
derivatives of diphenylamine; however, several important derivatives, e.g., N-nitroso-
dinitro- and trinitrodiphenylamine, are not included in the study. ThlS is. under-
standable, since authentic DPA derivative samples are difficult to obtain. :

The excellent work of SCHROEDER ef al.3 utilized column chromatography to
identify and 'estimate N-nitroso- and nitrodiphenylamine products in smolkeless
powder; however the efficiency of separation and method of locating the products
proved unsatisfactory for our use. Other quantltatlve methods ‘were not apphca.ble
for identification work, and were ehn’nnated from further consideration.

‘This article presents a two-dimensional TLC method to separate and identify
nineteen N-nitroso- and mtrochphenylammes A spray reagent capable of detecting
a 0.5 to 1 pg quantity of each product is described. Samples of PBX-9404, a plastic
bonded explosivz, and reaction products of DPA and 2-nitroDPA with nitrogen
tetroxide were e\ammed by the method developed

REAGENTS AND EQUIPMENT

Applicator, chromatojar, silica gel G, and glass plates (zoo X 200 mm) purchased
from Brinkmann Instruments, Inc. -
Zinc metal dust, AR grade, from Mallinckrodt Chemical Works.
'All solvents were reagent gr ade. Petroleum ether from Merck and Co., Inc., with.
a boﬂmg range of 30-60° was used.
| The spray 1eagent consisted of 0.25% p-dicthylaminobenzaldehyde (#-DEAB)
and o.25 XN HCl in absolute ethanol Concentrated HCl was used to prepare the
reagent.

" Work done under the auspices of the U.S, Atomic Energy Commission.
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An Agla micrometer syringe or capillary melting point tube was used as an

applicator.
EXPERIMENTAL

Prepamtzon of t/mz layer t
Modification of STAHL’s technique for thin laver preparation was necessary to in-
corporate zinc dust directly into the silica gel G, a procedure previously described?.
A slurry mixture of 30 g of silica gel G and 3 g of zinc dust in 65 m! of rapidly stirred
water was prepared. Coating was accomplished by pulling the applicator with a
Bodine speed reductor motor at a constant speed over five glass plates. The silica
gel G/Zr plates were activated at 110° for 1 to 2 before use. :

Rg measurements

Since nineteen N-nitroso- and nitrodiphenylamines were included in this worlk, it was
apparent that complete separation could not be accomplished by a one-dimensional
technique; therefore, solvents were screened, using a simple DPA-derivative mixture
as the smmple on activated silica gel G/Zn plates. Based upon separation efficiency,
sevelal solvents were selected and tested with more complex mixtures. The two most
pronusmg solvents were, (I) 2:99:99 acetone—benaene—-petroleum ether (solvent I),
and (2) 20:80 ethyl acetate—petroleum ether (solvent IT). Each authentic sample of
N-nitroso- and n1trod1pheny1am1ne was tested in solvents I and II. The measured Re
values are plotted graphically in Fig. 1, using DPA as the reference compound.

Procedurs

I‘mely powdered e\ploswes samples, ¢.g., PB}x -94.04 (I—IM}x/N C/t11s(0-chlo1octhy1)-
phosphate/DPA), were extracted for 2z h at room temperature, using 25 ml of methyl-
ene chloride per.0.4 g of sample. Use of a wrist-action shaker is suggested. The solvent
was decanted and filtered, an additional 25 ml of solvent was added, and the e\trac-
tion repeated for 1.5 h. The combmed extract was placed under mild vacuum to su‘lp
off the solvent. About 0.z ml of acetone was used to dissolve the residue.

Samples of the DPA/ N,O, and 2-nitroDPA/N, O, reaction products were d1ssolved
directly in acetone

. The acetone’ solution, contalnmg about Ioo-4oo mg of DPA derlvatlves was
transferred to a point approximately 1.5 in. from the lower rlght -hand corner of an
activated silica gel G/Zn plate. Transfer was accomplished by using an Agla micro-
meter syr 1nge or melting point capﬂlary The diameter of the applied spot was kept at
or below 0.5 in.

The plate was chromatographed in 200-250 ml of solvent I for 1 h, exposed to the
atmosphere for several minutes to evaporate the solvent, and rechromatographed at
90° to the original solvent flow direction in an equal volume of solvent II for an
additional hour. -

.. .. The separated N-mtroso- and mtrocllphenylamme pr oducts were located by
spraymg the plate umformly with p-DEAB reagent The plate was heated with a hair
dryer, part1cularly in the DPA/O-mtroDPA region, to 1ntens1fy the colored spots

* RESULTS AND DISCUSSION
Fig. 1 indicates that nineteen of the twenty N-nitroso- and nitrodiphenylamines
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Fig. 1. ‘B¢ measurements of N-nitroso- and mtrodlphenvlammes (1) 2-nitroDPA’; (,,) DPA; (3)

N- mtro_-.oDPf\ (4) N-:=nitroso-4-nitroDPA; (5) -,4-d1n1troDPA (6) 2.4, C-erxtroDPA, (7) 2,4’-

dinitroDPA; (8) 2,2’-dinitroDPA; (9) N-nitroso-4,4’-dinitroDPA; (10) N-nitroso-z-nitroDPA; (11)

4-nitroDPA; (12) N-nitroso-z,4’ -cllmt“oDPA (13) 2.4,4 ~trm1t10DPA (r4) 2,2 .4-tr1mtroDPA

(15) N-nitroso-z,z -dinitzoDPA; (16) .;-muo.-,oDPA (17) 2,2 ,4,4 -tetramtrcDPA (18) 2,2%,4,4,6~
, pentanitroDPA ; (19) 4,4’-dinitroDPA; (20) 2,2%,4,4°,6,6’ -he\amtroDI’A »
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Fig. 2. Two-dimensional separation of synthetic mixture of diphenylamine derivatives.
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could be partially or completely separated for identification. Only the tetranitro- and
pentanitrodiphenylamines are not separable. Attempts to resolve these spots caused
poor separation of the other diphenylamines.

To verify the Re¢ measurements, a synthetic mixture of twenty components was
chromatographed. Figure 2 is a tracing of the developed plate. Close resemblance
between Figs. 1 and 2 is noted, although in general the spots in Fig. 2 are displaced.
The tracing is, however, adequate for identification work. It is likely that the spot
displacement observed in Fig. 2 is due to the influence of each component on the
migration rate of the others. »

From Fig. 2 it can also be seen that DPA and 2-nitroDPA overlap more than
predicted by Fig. 1; however, 2-nitroDPA is a self indicator and can be detected on
the unsprayed plate. Furthermore, after spraying and heating, the color intensity of
the 2-nitroDPA spot diminishes; an intense yellow to green spot (depending upon the
concentration of DPA) develops at the location of the DPA fraction. By using all of
the properties of the system, R¢ measurement, color, and developed color, it is possible
to identify all of the DPA derivatives. ,

As part of a study on the capacity of various stabilizers for reaction with N,O,,
samples of the reaction products of DPA and z-nitroDPA with N,O, and extracts
from samples of PBX-g404 were analyzed by the described procedure. Based upon the
relative sizes and intensities of the developed spots, N-nitroso- and nitrodiphenyl-
amines found in the samples are listed in Table I in the approximate order of decreasing
concentration.

The complexity of. ‘the DPA derivatives is evident. Differences between the
present results and those reported by HANssoN AND ALM? can probably be attributed
to the composition of the original sample. For example, the tris(z-chloroethyl)phos-
phatein the PBX-g404 increases the rate of formation of N-nitroso- and nitrodiphenyl-
amine products as compared with aged DPA/NC mixtures.

TABLE 1
IDENTIFIED DIPHENYLAMINE PRODUCTS IN VARIOUS SAMPLES

Sample Derivatives found

PBX-9404-03 N-nitrosoDPA > DPA =
- 2-nitroDPA >
4-nitroDPA >
N-nitroso-4-nitroDPA

PBX-9404-03, 2,4’-dinitroDPPA =
heated at 60° " N-nitrosoDPA >
for 15 weeks N-nitroso-4-nitroDPA =
4-mtroDPA =

2,4,4’-trinitroDPA =

4,4’-dinitroDPA >

2,2’-dinitroDPA >

N-nitroso-4,4’-dinitroDPA >

N -mtloso-z,z ’~-dinitroDPA =

2,2’,4-trinitroDPA >
2-nitroDPA =

tetranitro- or pentanitroDPA =

2,4~dinitroDPA

(continwed on p. bp)
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TABLE 1 (continued)

Sample Derivatives found
PBX-9404, : 2,4 -dinitroDPA >
heated at 60° " 2;2’-dinitroDPA =
for 24 wecks 2,4,4 -trinitroDPA >

N-nitroso-4-nitroDPA =

- N-nitrosoDPA =
N-nitroso-4,4’-dinitroDPA =
4-mtroDPA =
1,4’-dinitroDPA >
N 'uuoso-..,~ ’-dinitroDPA >

~trinitroDPA >

2,4-dinitroDPA ==
2~nitroDPA =
tetranitro- or pentanitroDPA

DPA/N,O, N-nitroso-4,4’-dinitroDPA >
~ reaction product 4,4'~-dinitroDPA =

N-nitroso-2,4’-dinitroDPA >
-,4 4’-trinitroDPA >
2,2’~-dinitroDPA >
2,2’,4-trinitroDPA >
2,4 -dinitreDPA =
hexanitroDPA >
N-nitroso-4-nitroDPA =
2,4-dinitroDPA > ‘
N-nitroso-2,2’-dinitroDPA >
traces of N-nitrosoDPA, 2-nitroDPA,
DPA, tetra- or pentanitroDPA,
and two unknowns.

2-nitroDPA/N,O, N-nitroso-2,4’-dinitroDPA >
reaction product* N-nitroso-2,2’ ~c11n1troDPA =

2,4’-dinitroDPA =
N-:nitroso-z-nitroDPA =
2,2, 4-trinitroDPA =
2,4,4 -trinitroDPA >
2,2’-dinitroDPA =
2,4-dinitroDPA =
hexanitroDPA >
traces of tetra- or pentanitroDPA,
4,4’-dinitroDPPA,
N-nitroso-4-nitroDPA,
4-nitroDPA, and two unknowns.

* 4-nitroDPA was present in the 2-nitroDPA as an impurity.

Reaction conditions used in testing the pure stabilizers, DPA and 2-nitroDPA,
were designed to drive the reactions to their practical completion. Note, however, the
complexity of the products after the stabilizer capacity of the comnpounds has been
exceeded.

The extraction of DPA and its derivatives from e)».p‘o:,lves is carmed out at
ambient temperature to minimize the decomposition of the lessstable DPA derivatives.
For example, it was found that N-nitroso-4,4’-dinitrodiphenylamine tends to de-
nitrosate and revert to 4,4 -dmltrodlphenylamme. Extractions requiring heating
should be avoided.

Authentic samples of N-nitroso- and n1trod1pheny1ammes were difficult or
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f“»_extremely experlswe to purchase therefore most of the compounds tested werer,‘
.prepared in this laboratory The trm1tro- tetranitro-, and pentamtro dlphenylammes’:
- were 1solated froin nitration products The nltroso-mtrodlphenylammes were prepared
‘by mtrosatmg the c01respond1ng nitro- compounds. In all cases, purification was
‘.“j'ﬁcau'led out -on.TLC plates.  The purified product: was character1zed by its meltlng-
. .pomt 1nfrared spectrum,.and elemental analysis.: 3
. The spray reagent, p-DEAB, can detect minute quant1t1es of dlphenylamme
denvatlves. For each compound included in ‘thlS work, I ug or less could easﬂy be.

detected o _
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SUMMA.‘R‘Y‘

i A Lwo—dlmensmnal thm-laye1 chromatographlc method capable of separatmg and.’
s 1dent1fy1ng nineteen N-nitroso- and nitrodiphenylamines, is described. The. method
is’ applied to. the. ana1y51s of .diphenylamine/N,O, and o"nltLODPA/NnO4 react1onv
'f-products and the stabilizer fraction of a plastic bonded explosive, A spray reagent, -
e dlethylammoben7aldehyde used in conjunction with silica gel G/Zn plates, offers av'_.'
‘;'\'.‘_sensxtwe detectlon method for each dlphenylamme clerlvatlve. ‘ o
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