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(, Rcccivccl April zgth, 1970) 

SUMMARY 

A two-dimensional TLC method for the separation and identification of tetryl 
and related compounds is described. Production-grade tetryl contains N-methyl- 
N,z,4_trinitroaniline, picryl chloride,’ picric acid, picramicle or N,2,4,6_tetranitro- 
aniline, and N-methyl-z,4,&trinitroaniline. Samples heated at 120~ for 48 11 contain 
picric acid and z,4,6_trinitroanisole as the major decomposition products, with 
decreasing amounts of picramicle and/or N,2,4,6_tetranitroaniline, N-methyl-2,4,0- 
trinitroaniline, r,3,5-trinitrobenslene, and N-methyl-N,2,4-trinitroaniline. 

INTRODUCTION 

Thin-layer chromatography (TLC), as a metliocl of separating organic com- 
pouncls, enables the analyst to perform qualitative and quantitative analyses on 
substances present in minute quantities. With proper selection of substrate and 
solvent, separations of simple and complex mixtures, not possible by conventional 
techniques, can be achieved by TLC. A requirement to identify the impurities 
associated with N-methyl-N,2,4,6_tetranitroaniline (tetryl) prompted us to investi- 
gate the applicability of the technique to this problem. 

Several studies on the thermal decomposition of tetryl have been reportecl in 
the literature, but only DUBOVITSKII et de1 attempted to identify the clegraclation 
products, using column chromatography and UV absorption for this purpose. The 
two-dimensional TLC method described below provicles a convenient and simple 
method of separating ancl identifying the components of such mistures. 

REAGENTS AND EQUIPMENT 

The applicator, cliromatojar, Silica Gel G, and glass plates (200 by 200 IIIIII) 

were purchased from 13rinkmann Instruments, Inc. 
All solvents were reagent grade. Petroleum ether with a boiling range of 

30 to Go” was used. 
Zinc metal dust, A.R. gracle, was obtained from Mnllinckrodt Chemical Works. 
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The spray reagent consisted of 0.25 g of $-diethylaminoben~aldehyde (+DEAB) 
and 2.1 ml of concentrated HCl made up to IOO ml with absolute ethanol. 

Sample aliquots were delivered with an &la micrometer syringe. 
Several of the compounds included in this study were not available com- 

mercially. The N-methyl-z,+dinitroaniline and N-methyl-2,6_dinitroaniline were 
prepared by condensing methylamine with the corresponding chlorodinitrobenzene. 
The procedure of GLAZER et al. was used for the preparation of N-methyl-N,2,4- p 

trinitroanilinez. The purity of these samples was established by TLC, chemical tests, 
melting point, and elemental analyses. 

EXPERIMENTAL 

Preparation of thtin layer 
A slurry consisting of 30 g of Silica Gel G and 0.5 g of zinc dust in 65 ml of 

distilled water was prepared and coated on five glass plates by pulling the applicator 
across them at a constant speed with a Bodine speed-reducer motor. The coated 
plates were air-dried for 15 min and activated at IIOO for 2 h before use. 

RG measurement 
Twenty-three compounds related to tetryl were assembled, and the RG value 

for each was measured relative to 1,3_dinitrobenzene on an activated Silica Gel 
G-zinc plate using a variety of solvents. To locate the spots, P-DEAB-HCl was 
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Il~ENTIFIChTIOX 01’ THE SPOTS IN FXGS. I AX13 2 01’ TBTRYI. AND RlfLATlSI> COhll’OUXII‘)S 

Abbreviations of colors: y = yCllow, b = brown, 0 I= orange, r = reel ant1 g = gray. 
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used as the spray reagent. By cross-plotting the RG values, chloroform (solvent I) 
and a I : 3 ethyl acetate-petroleum ether mixture (solvent II) were found to be the 
most effective solvent pair. Fig. I shows a plot of the data obtained with solvents I 
and II. The colors developed with the $-DEAB reagent and the selfindicating 
compounds are listed in Table I. 

A benzene solution containing 0.3-0.5 mg of sample is applied about I in. 
from the lower right-hand corner of an activated Silica Gel G-zinc plate. The sample 
is chromatographed in zoo ml of solvent I for 55 min and then exposed to the 
atmosphere for x0 min. In an equal volume of solvent II, the sample is rechromato- 
graphed at go” to the direction of flow of solvent I for an additional 55 min. The 
visible spots are located, and the chromatogram is sprayed with p-DEAB-HCl 
reagent. With the exception of N,N-dimethylaniline, which requires I Ii for color 
development, the components react immediately to form brown, yellow, and red 
spots on the chromatogram. 

RESULTS AND DISCUSSION 

Fig. I inclicatcs that 23 compounds can be partially or completely resolvccl 
for identification purposes. To verify this, a synthetic mixture consisting of all the 
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Fig. z. Two-dimensional thin-layer chromatography of a synthetic mixture. For idcntiiicntion 
of compounds, see Table I. 

TABLE TI 

IMPURITIES JN TWO TYPICAL LOTS 01: PRODUCTION-GRADI IJEFORE AND AFTER HEATING 

Sample 

Tctryl A 

Trnfi~urities 
-----~ _________- ._-_--...- ._., 

N-Mcthvl-N,z,4-trinitronnilinc > 
picric a&cl > 
picramiclc or N,a,~,G-tetranitrorLllilinc = 
picryl chloriclc 

Tctryl I3 N-Methyl-N,z,q-trinitroanilinc > 
picryl chloride > 
picric acid > 
N-methyl-2,4,6-trinitroallilinc (trace) 

Tctryl A 
(hcatccl nt 1200, 48 11) 

Picric acicl 2 
2,4,6-trinitroanisolc > 
N-methyl-2,4,6-trinitroanilinc > 
picramiclc or N,2,4,6-tctranitroanilinc > 
TN 13 (trazc) 
N-methyl-N,2,4-trinitroanilinc (trncc) 

Tctryl B 
(hcatccl nt IZOO, 48 11) 

Picric acicl > 
2,4,6-trinitroanisolc > 
picramiclc or N,?,.~,G-tctranitroanilinc > 
TNR (trace) 
N-methyl-N,2,4-trinitroanilinc (trace) 
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components was prepared and chromatographed. l;ig. z is a tracing of the developed 
chromatogram. 

In general, the relative position of each compound is similar to that slrown in 
Fig. I. N-Methyl-z,6_dinitroaniline is displaced further than predicted, while 
picramide and N,z,4,6_tetranitroaniline overlap completely, making identification 
impossible. Slight displacement of a compound is expected in a complex mixture of 
this sort, as the migration rate of each component is affected by the migration of 
other components in the sample. 

The detection limit of each compound was determined after chronlatographing 
the sample. With the exception of N-methylaniline and N,N-climethylaniline, 0.5 to 
I ,~g of each compound can be readily detected with the $-DEAl3 reagent. N-Methyl- 
aniline and N,N-dimethylaniline require 4 and S-IO ,qg, respectively. 

Production-grade and heated tetryl samples were analyzed by this methcd. 
The impurities found are listed in Table II in the approximate order of clecreasing 
concentration. 

An unexpected impurity, N-methyl-N,z,4-trinitroaniline, ~ was found in 
production-grade tetryl. Its identity was established by comparing the melting 
point and XC value with those of an authentic sample, 

With the heated tetryl samples, the 2,4,6_trinitroanisole, picric acid, and 
N-methyl-2,4,6_trinitroaniline listed in Table I were also reported by DUBOVITSKII, 

et al.; however, the picramide or N,2,4,6_tetranitroaniline, and the traces of TNB 
and N-methyl-N,2,4_trinitroaniline, were not reportecl by these authors. 
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