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ABSTRACT 

Infrared spectra of sym-dichlorobis (2,4,6-trichlorophenyl) urea over the range 4000-250 
cm -’ have been obtained on samples prepared in KBr discs and stored for several hours at 
elevated temperatures. The subject compound undergoes thermal decomposition by cleavage 
of the N-Cl bond and the formation of sym-2,4,6-trichlorophenyl urea with some aromatic 
halogenation of 2,4-dichlorophenyl groups present in the sample. 

INTRODUCTION 

N-Chloro compounds have long been recognized as excellent chlorinating 
agents [l-5] but they are inherently unstable, especially when exposed to 
elevated temperatures [6,7]. Little effort has been expended to thoroughly 
investigate the deflagration reactions of these compounds by identifying the 
products formed by their decomposition. To address this latter problem a 
few monographs have recently appeared in the literature [8-lo]. 

In a previous report [lo] sym-dichlorobis (2,4,6-trichlorophenyl) urea (I) 
was found to decompose upon melting to yield 2,4,6-trichlorophenyl iso- 
cyanate, 2,4,6-trichloroaniline, chlorine, 1,2,3,5-tetrachlorobenzene, 2,2’, 4,4’, 
6,6’- hexachlorobiphenyl, 2,2’,4,4’-tetrachlorobiphenyl, 2,2’,4,4’,6-penta- 

chlorobiphenyl and ammonium chloride. With this information it seemed 
obvious that the thermal stability of I should be investigated at temperatures 
below the melting point. This study is an attempt to look at the behavior of I 

under the special condition where the decomposition vapors are partially 
entrapped in the host matrix, namely KBr. 

EXPERIMENTAL 

Sym-dichlorobis (2,4,6-trichlorophenyl) urea was supplied by Edgewood 
Arsenal, Edgewood, MD. It was further purified by reprecipitation from a 
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ution in which hot reagent grade glacial acetic acid served as a solvent and 
tilled water was added as a non-solvent. The recrystallized compound was 
:n stored under vacuum over anhydrous phosphoric acid for several days. 
A KBr disc was prepared in the usual manner with previously dehydrated 
tassium bromide and I. An IR spectrum was immediately obtained then 
: KBr disc with the sample was stored in a drying oven at elevated 
nperatures of 115, 123 and 150°C, using a new sample for each tempera- 
‘e. The samples were removed at 24 h intervals, allowed to cool to room 
nperature, and IR spectra were obtained until no noticeable change could 
observed. The same trends were obtained for each of the three tempera- 
‘es but the results for 150°C were selected to report along with the 
xtrum of I in nujol (see Table 1). An IR spectrum of KBr established that 
:re was no detectable water present. 

KUSSION 

Heating I in a KBr disc produced a blackened sample indicating that the 
zomposition reaction had taken place as was reported previously [lo] for 
s compound above its melting point. A comparison of the spectra for I in 
iol and KBr indicates that it remains essentially stable on being com- 
:ssed into the KBr. 
With regard to the spectrum of the sample in KBr before storing at 
vated temperature there are some pertinent observations that should be 
Ide: (1) There is evidence of a small amount of water in the sample as 
licated by the broad weak band at 3600-3400 cm-’ [ 1 l] and at 418 cm-’ 
‘1. (2) The bands at 1722, 1686 and 1670 cm- ’ are due to the CO group of 
,Cl 2 N&O, Ar@HN,CO and Ar, H, N&O, respectively [ 13,16,18] 
erein the YCO is hypsochromatically shifted by the presence of the 
ctronegative chlorine on the adjacent nitrogen atom(s). (3) In comparing 
: spectrum of I in KBr with the Aldrich spectra of 2,4-dichloroaniline [23] 
d 2,4,6-trichloroaniline [22], the in-plane and out-of-plane C-H deforma- 
ns at 1275, 1140, 1027, 938, 812, 870, 838, 825, 682, 550 cm-’ and 
rhaps 770 cm-’ are being attributed to 2,4-dichloro substitution of the 
enyl ring. Furthermore, the bands at 1280, 1225, 920, 864, 805 and 7 12 
I- ’ are associated with the 2,4,6-trichlorophenyl group. 
On storing the KBr sample of I at elevated temperatures, the bands at 
30-3400 and 418 cm-’ disappeared, indicating that the water is lost 
nough evaporation or consumed during the decomposition reaction. The 
pearance of the band at 2280 cm-’ and its subsequent disappearance 
real the formation of some aryl isocyanate [ 151 as an intermediate in the 
era11 reaction. The weakening of the band at 1722 cm- ‘, the disappearance 
the band at 1686 cm-’ and the continued presence of the amide II band 
1660 cm-’ show the loss of nitrogen bonded chlorine followed by the 
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formation of diary1 urea. A decrease in the intensities of the bands at 1275, 
1140, 1027, 938, 890 and 682 cm-’ suggests that some aromatic chlorination 
of the residual 2,4-dichlorophenyl group occurred. Finally, the appearance of 
the weak band at 745 cm-’ may be attributed to a limited amount of 
bromination of the 2,4-dichlorophenyl group, however, due to the nature of 
the sample distribution within the KBr matrix this reaction is quite limited 
in its occurrence. 

In conclusion, the decomposition of I in the solid state leads to a different 
set of products than previously reported for the liquid phase [lo]. The 
reaction apparently proceeds by the elimination of Cl, (or HCl) and the 
simultaneous formation of 2,4,6-trichlorophenyl isocyanate and the 2,4,6-tri- 
chlorophenyl nitrene (or the 2,bdichlorophenyl analogues). The nitrene 
stabilizes itself by combining with HCl or H,O to become the corresponding 
aniline. Finally, the aniline derivative and the isocyanate recombine to form 
sym-2,4,6-trichlorophenyl urea. In this case where evaporation of chlorine is 
somewhat restricted some aromatic chlorination occurred whereas the de- 
composition of I in the liquid phase led to almost complete loss of Cl, as a 
gas. 
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