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It is known that 2,4,6-trinitrotoluene (TNT) has a limited 
solubility (-5 X lo-* M) in water at  room temperature and 
produces a highly colored solution when reacted with strong 
bases.'-6 The reaction has been interpreted as due to the 
formation of an intermediate, 2,4,6-trinitrobenzyl anion 
(TNT-), which absorbs light in the visible region (at 500-525 
nm). 

CH,- 

No2*No2 + BH+ TNT + B === 

NOp 

TNT- 

In the presence of pyridine, TNT was found to react with 
benzaldehyde and 2,4,6-trinitrostilbene was produced. The 
intermediate was proposed to be TNT-.l 
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Figure 1. Relative rate of the format ion of TNT- vs. the concentra- 
t ions o f  4-dodecyldiethylenetriamine and 3,3'-diamino-N-rnethyl- 
dipropylamine a t  25 "C in aqueous solutions. I n i t i a l  concentration 
of TNT W ~ S  2.5 x 10-4 M. 
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Figure 2. Relative rate for the  formation o f  TNT- in the reaction o f  
TNT w i t h  I1 as a funct ion o f  the concentration o f  alkylphenoxypo- 
lyethoxyethanol in aqueous solut ion a t  25 "C.  I n i t i a l  concentrations 
o f  TNT and I1 were 2.5 X and 1 X M, respectively. 

In the present work we investigated the reaction kinetics 
of TNT in aqueous solutions with two amines, i.e., 4-dode- 
cyldiethylenetriamine (I), which is a surfactant, and a non- 
surface-active triamine, 3,3'-diamino-N-methyldipropyla- 
mine (11). The results are shown in Figure 1. It was observed 
that I has a critical micelle concentration at  about 5 X IO-& 
MS7 Below this concentration, the reaction rates of TNT with 
I and I1 were identical. However, above the critical micelle 
concentration of I, the reaction rate of TNT with I increases 
sharply and eventually levels off. The rate increase is about 
55-fold compared to the same reaction of TNT with I1 and the 
enhancement is accounted for by the micellar effect.s 

In order to study the micellar effect further, the reactions 
of TNT with I1 were explored in the presence of both nonionic 
and ionic surfactants. Surfactants used were alkylphenoxy- 
polyethoxyethanol and hexadecyltrimethylammonium bro- 
mide. These results are summarized in Figures 2 and 3. The 
rates were found to be increased in the presence of both sur- 
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Figure 3. Relative rate for the formation of TNT- in the reaction of 
T N T  with I1 as a function of the concentration of hexadecyltri- 
methylammonium bromide in aqueous solution a t  25 OC. Initial 
concentrations of T N T  and I1 were 2.5 X and 1 X M, re- 
spectively. 

factants. The enhanced rate was more pronounced with the 
cationic surfactant than the nonionic one (cf. 130 vs. 8). The 
critical micelle concentration of hexadecyltrimethylammo- 
nium bromide is 9.2 X M.9 It was observed that the rate 
was greatly increased above this concentration. For low con- 
centrations of hexadecyltrimethylammonium bromide (<9 
x M), the reaction rate of TNT with I1 cannot be de- 
tected since precipitation was observed. 

Experimental Section 
Materials. 2,4,6-Trinitrotoluene was purchased from Eastman 

Kodak Co. and purified by recrystallizing twice from ethanol. 4- 
Dodecyldiethylenetriamine and hexadecyltrimethylammonium 
bromide were also purchased from Eastman Kodak Co. and used 
without further purification. Alkylphenoxypolyethoxyethanol, Triton 
X-100, and 3,3'-diamino-N-methyldipropylamine were obtained from 
Rohm and Haas Co. and Jefferson Chemical Co., Inc., respectively. 

Reaction Rate Measurements. The reaction rates of T N T  with 
I and I1 were measured a t  25 "C in 1- or 10-cm UV cells by following 
the absorbance a t  525 nm using a Cary 14 spectrophotometer. 
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The previous paper in this series3 described the preparation 
of some polynitrodiphenylmethanes. In our efforts to syn- 
thesize from these compounds tetrakis(polynitropheny1) 
ethylenes,3b in analogy to the preparation of hexanitrostil- 
bene3b from 2,4,6-trinitrotoluene, we investigated their re- 
action with sodium hypochlorite. The products from these 
reactions were, however, found to be nitrosopolynitrobenzo- 
phenones. 

Reaction of 2,2',4,4',6,6' hexanitrodiphenylmethane with 
sodium hypochlorite in THF-MeOH at -5 OC afforded a 
green compound in 46% yield, which was identified as 2-ni- 
troso-2',4,4',6,6'-pentanitrobenzophenone in 46% yield (eq 1). 

HA NO A NO2 

THF-MeOH ""' 
-5 "C \ / 

Similarly, 4-substituted pentanitrodiphenylmethanes af- 
forded the corresponding nitroso ketones in 40-50% yield, the 
results being summarized in eq 2. Proof of structure of the 

H/B 'NO, 

Pi = 2,4,6-trinitrophenyl 
X = H, C=N 

above compounds was obtained by elemental analyses, by 
NMR measurements, and by IR and mass spectroscopy. Ev- 
idence for the carbonyl and nitroso groups came from the in- 
frared spectra in which absorptions in the range 1650-1700 
( ( 2 4 )  and 1550 and 1600 cm-l (NO2 and NO) were observed; 
and the fact that all the compounds were emerald green (ar- 
omatic nitroso) in color. The NMR spectra show that the 
2,4,6-trinitrophenyl (Pi) group remained intact during the 
course of the reaction (singlet, 2 H, in the region 9.30-9.44 ppm 
relative to MedSi) as previously observed for other picryl de- 
rivative~,~ and that the nitroso group was formed in the other 
ring (see eq 2). The hydrogens of the ring containing the ni- 
troso function show the expected splitting pattern for non- 
equivalent hydrogen (see Experimental Section). The mass 
spectra are also in agreement with the proposed structures as 
the molecular weights obtained exactly matched the expected 
theoretical values. 


