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TATB -- STRONG BASIC REACTIONS PROVIDE SOLUBLE DERIVATIVES 

FOR A SIMPLE, QUALITATIVE HIGH EXPLOSIVE SPOT TEST 

Betty W .  Harris 

Los A1 amos National Laborotory 

Los Alamos, NM 87545 

ABSTRACT 

Reactions of TATB in aqueous, strongly basic solutions 

gave metal salts of 1,3,5-tr i hydroxy-2,4,6-tri ni trobenzene 

(THTNB) also called trinitrophloroglucinol. Thus, we pre- 

pared potassium, sodium, and barium salts. The mono- and 

diammonium salts were prepared by treating THTNB with am- 

monia and ammonium hydroxide, respectively. 

properties of the salts were evaluated. 

characteristics of the salts in various solvents, a spot 

test was developed for known high explosives (HE) contain- 

ing TATB. 

Some explosive 

From the physical 
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I. INTRODUCTION 

High explosives (HE) may become scattered among fragmented materials 

during field testing of weapons. 

the HE promptly so it can be removed before it burns or detonates. 1,3,5-Tri- 

amino-2,4,6-tr ini t robenzene (TATB) , in part icu 1 ar , is di ff icu 1 t to distinguish 

from colored inert materials; it is insoluble in most solvents and does not 

respond to known identification tests. 

it is a symnetrical, strongly hydrogen-bonded compound. 

test for TATB based upon its reaction with strong bases. 

ucts from these reactions are energetic compounds. 

It would obviously be desirable to identify 

This is attributable to the fact that 

We have developed a 

However, the prod- 

I I. PROCEDURES 

A. Spot Test for Explosives 

Milligram quantities of selected explosives were placed on Whatman 

No. 2, 9-mn filter paper. Test solutions (n-butylamines, KOH, diethylamine, 

ethylenediamine or BWH reagent) were thoroughly shaken and a few drops added 

to the explosive. 

The amine solutions were 20% amine and 80% solvent. 

reagent was 90M1 DMSO, 5M1 H20, and 5 g of potassium hyroxide. 

Characteristic colors were observed for positive reaction. 

The composition of BWH 

6. Reaction of TAT6 with Strong Bases, NaOH, KOH, Ba(OH)2 

S i x  and one-half grams (0.025M) of TATB were dissolved in 100 ml of 

3M M(OH)x, where M = Na, K, Ba; X = 1, 2. 

plate at 83-85°C for 2.5 h, then cooled at room temperature overnight. 

The solution was heated on a hot 

During 
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cooling large orange crystals precipitated, which were filtered through a me- 

dium-pore sintered-glass crucible and air dried. A 75:25 per cent mixture of 

water:ethanol was used to recrystallize the salts. The ratio of the solvent 

mixture was changed to 25:75 water:ethanol in some recrystallization proc- 

esses. Samples of the respective salts were taken for elemental and DTA an- 

alyses. Then the remainder o f  the sample was oven-dried at 130°C for several 

hours. 

Additional tests were run on the salts. Nuclear Magnetic Resonance 

(NMR) spectra were run for identification. 

sensitivity tests were also performed. 

Spark-gap, hamner, and impact- 

C. Reaction o f  Amnonium Hydroxide with THTNB 

Several batches o f  the sodium salt of trinitrophloroglucinol were 

combined and treated with 6N H2S04. 

droxy-2,4,6-tri ni trobenzene, THTNB, was obtai ned. 

A quantitative yield of 1,3,5-trihy- 

One hundred milliliters of concentrated ammonium hydroxide were used 

The solution was heated just below boil- 

The water was removed on a Rota-Vac and 

to dissolve 1.4882 g (0.006M) THTNB. 

ing temperature, 80-85°C for 30 min. 

orange crystals precipitated. 

Elemental and DTA analyses were obtained. 

diamnonium salt of 1,3,5-trinitrophloroglucinol. 

The product was recrystallized from water. 

The compound was identified as the 

Also, an attempt was made to prepare the diamnonium salt by bubbling 

NH3 through an aqueous solution of THTNB. 

final product. 

The mono-amnonium salt was the 

83 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



111. RESULTS AND D I S C U S S I O N  

A. Chemistry o f  t he  Spot Test 

The compounds tes ted  are the  more common DOE exp los ives  (Table I ) .  

Only those w i t h  aromatic nuc le i ,  TNT, t e t r y l ,  and TATB, r e a c t  w i t h  BWH 

reagent t o  g i v e  a p o s i t i v e  c o l o r  t e s t .  

t i o n  o f  resonance-stabi l ized anion. 

e x i s t i n g  mechanisms t h a t  would exp la in  t h e  anion fo rmat ion  (React ions 1-5). 

The Meisenheimer-type in te rmed ia te  produced by the  r e a c t i o n  o f  base w i t h  HE i s  

respons ib le  f o r  t h e  co lo r .  

The c o l o r  i s  a t t r i b u t e d  t o  t h e  forma- 

There are  two poss ib le  and probably co- 

The BWH reagent (90 M1 DMSO, 5 g KOH, and 5 M1 H20) i s  shaken 

thoroughly be fo re  each use. 

However, i f  t h e  amount o f  water and KOH exceeds 201, o the r  exp los ives  such as 

RDX may produce a f a i n t  co lo r .  

very concentrated KOH so lu t ion ,  bu t  cou ld  n o t  be confused w i t h  t h e  b r i g h t  

orange c o l o r  produced from TATB. 

u b i l i t y  o f  TATB i n  the  t e s t  reagent. 

One can vary  t h e  composi t ion o f  t h e  reagent. 

Resul ts would be s i m i l a r  t o  what one sees w i t h  

One would a l so  n o t i c e  a decrease i n  t h e  so l -  

The reagent d i d  n o t  g i ve  p o s i t i v e  r e s u l t s  w i t h  TATB when o the r  

ap ro t i c  so lvents  were subs t i t u ted  f o r  DMSO. 

N,N-dimethylformamide (DMF) and hexamethylphosphortriamide (HMPA) do no t  have 

low-energy resonance s t a b i l i z e d  in te rmed ia tes  as does t h e  DMSO anion (Reac- 

t i o n s  1 and 2, React ion 1 be ing  t h e  most l i k e l y  o f  t he  two).  

ated the  hydroxy l  i o n  as t h e  a t tack ing  species because 5M aqueous KOH d i d  no t  

r e a c t  w i t h  TATB under our  t e s t  cond i t ions .  However, we were ab le  t o  hydrolyze 

TATB i n  s t rong  base s o l u t i o n  a t  e levated temperatures. 

The corresponding anions from 

We have e l im in-  

Both t h e  amine group 
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and the ring are possible positions of attack. 

was used to generate the colored intermediates, they reverted back to TATB 

when quenched. It was the color of the hydrolyzed products, trinitrophloro- 

glucinol salts, that prompted the investigation for the spot test using this 

chemistry. 

When less concentrated base 

The bright orange color produced when TATB reacts with BW,, reagent is 

It is easily distinguished from the bright red color produced with unique. 

the test reagent and other explosives, such as dipicramide, or with TATB im- 

purities. 

intense red color whereas TAT8 is not extensively solubilized. In addition to 

dipicramide, the TATB impurities tested were l-chloro-2,4-diamino-3,5-dinitro- 

benzene (CLDADNB), 1,3-di amino-2,4,6-tri ni trobenze (DATNB) , and 1.3,5-tri- 
amino-2.4-dinitrobenzene (TADNB). 

These compounds readily dissolve in the test reagent producing the 

B. Hydrolysis of TATB with Base 

TATB was hydrolyzed to the salts of trihydroxytrinitrobenzene 

(THTNE), which were isolated as orange-ye1 low hydrates, that became yellow up- 

on heating. Recrystallization from ethanol also gave a yellow precipitate. 

Sufficiently concentrated base solution, 3-5 M, gave tri-metal, sodium and po- 

tassium salts as the major product (Reaction 5). More dilute aqueous solution 

of base gave predominantly the mono- and di-sodium or -potassium salts. Cur 

infrared analysis gave positive evidence that the amine group was still pres- 

ent in the mono- and di-metal salts. Elemental analyses were in agreement 

with those calculated. 
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A DTA endotherm a t  140'C was accred i ted  t o  the  removal o f  water o f  

c r y s t a l l i z a t i o n  (Table 11). 

(150-165°C) when ethanol  was used as a r e c r y s t a l l i z a t i o n  solvent.  

determine whether t h i s  was caused by an entrapped so lvent  o r  by t h e  produc t ion  

o f  THTNB as an impur i ty .  

The endotherm s h i f t e d  t o  h igher  temperatures 

We d i d  no t  

Exotherms are  a lso  l i s t e d  i n  Table 11. 

Elemental analyses and o the r  da ta  suggest t h a t  barium hydroxide re -  

ac ts  with TATB t o  fo rm t h e  diphenoxy barium s a l t .  

detected by i n f r a r e d  spectroscopy. 

product from the  f i r s t  r e a c t i o n  i n  ho t  water. 

Again, t h e  amine groups are 

The h a l f  s a l t  was prepared by heat ing  the  

Concentrated ammonium hydroxide was used t o  prepare the  diamnonium 

s a l t  f rom THTNB, bu t  we were no t  successful  i n  f o r c i n g  the  r e a c t i o n  t o  go t o  

the  t r i m o n i u m  de r i va t i ve .  

THTNB so lu t ion ,  o n l y  t h e  mono-ammonium s a l t  was produced. 

conf i rm the  presence o f  t h e  two ammonium ions  i n  t h e  p a r t i a l l y  reac ted  mole- 

cu les  by 13NMR, bu t  were unsuccessful (Table 111); exchange between t h e  am- 

monium ions and t h e  negat ive  oxygen was too  rap id .  

s a l t s  might be: 

When amnonia gas was bubbled through t h e  aqueous 

We attempted t o  

A t y p i c a l  s t r u c t u r e  o f  

NO2 
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TABLE 111 

I3C-NMR OF THTNB AND ITS SALTS IN D20 

Compounds Chemical Shifts (ppm) 

THTNB 

K3THTNB 

Na3THTNB 

( NH4)2 ADHTNB 

145.88 114.97 

150.70 118.67 

149.30 117.60 

152.60 116.62 

Determination of the explosive properties of these salts showed that the 

potassium and sodium salts are insensitive in the hydrated form; however, the 

dry salts are sensitive to both spark and impact (Table IV). 

salts have an impact sensitivity comparable to that of granular TNT, whereas, 

that of the dried salt more closely parallels the sensitivity of Composition 

A-3. 

analyses but these salts would not be produced in significant quantities in 

the spot test. Therefore, special anti-explosive precautions are unnecessary. 

The hydrated 

Some recrystallized forms of the barium salts detonated during elemental 

IV. CONCLUSIONS 

Solutions of the OMS0 anion react with TATB to give a bright orange res- 

onance-stabilized anion that is easily distinguished from the bright red solu- 

tion produced with other explosives or with the TATB impurities. This is the 
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TABLE I V  

EXPLOSIVE PROPERTIES OF TRINITROPHLOROGLUCINOL SALTS FROM THE 

HYDROLYSIS OF TATB WITH BASE AT ELEVATED TEMPERATURES 

S e n s i t i v i t y  

50% Height (cm) 

Compounds Type 12 

K3THTNB (dr ied)  

K3THTNB (hydrated) 

Na3THTNB ( d r i e d )  

Na3THTNB (hydrated) 

Ba ( DAHTMB)2 

RDX 

PETN 

TNT 

85 

148 

1 go a t  320 cm 

166 

1 go a t  320 cm 

22 

12 

80 

Mean Energy 

Type 128 3-31 Foil (3 )  1O-mi1 Foil ( J l  

- 

- 

1 go a t  320 cm 

119 

191 

41 

37 

,177 

0.17 0.19 

I - 

0.50 0.53 

- - 

0.36 0.87 

0.22 0.55 

0.19 0.36 

0.46 2.75 
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basis for the spot test for TAT6 using EWH reagent. 

easy to use, and chemically safe. EthylenediaminelDMSO, diethyl amine/DMSO 

and strong bases are known test reagents for polynitro 

ever, they were inadequate for TAT8 primarily because of its insolubility in 

the reagent. 

identifying the compound in the field, on contaminated equipment, or in the 

work places. 

This reagent i s  stable, 

How- 

BWH reagent dissolves enough TATB to be a valuable tool for 

V. GLOSSARY 

ADHTNB 
C 1 DADNB 
DAHTNB 
DATNB 
HMX 
Kel-F 
PETN 
TATB 
TETRYL 
THTNB 
TNT 

hinodihydroxytri ni trobenzene 
Chlorodiaminodinitrobenzene 

Diaminohydroxytrinitrobenzene 

D i  aminotrini trobenzene 
1,2,5,7-Tetranitro-l,3,5,7-tetrazacyclooctane 
Chl orotrif luoroethyl ene/Vi nyl i ndi ne Fluoride Copolymer 3 : 1 
Pentaerythritol tetranitrate 
1,3,5-Tri amino-2,4,6-trini trobenzene 
Trinitrophenylmethylnitramine 
Trihydroxtrinitrobenzene 
1,3,5-Trinitrotoluene 
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