
lb I@. V. D. PatPv-, A&&& SuperintWnt o-f hveloment, Techni- 
eal ILevelopmen,t Establishment, (Wilitary Explosives), Ri~kce, Papda-3. 

ABSTRACT 
When aqueous solutioaa/suspensions of monopitro arom- 
compounds are exposed to sunlight, nitrous acid and the 

corresponding phenol are produced. The nitrocompounds 
also give rise to nitrosophenols which further react to form 
rzoxy compounds. In case of a p~lynitrocompound like 
T. N. T. a complex polymeric photodecomposition product is 
obtained as a result of more than one reaction taking place 
simultaneously. 

The photochemical reactions of aromatic nitrocompounds have been 
&u&$i by. q k  w+m, Z7 8) a. The nitro group is generally found to 
qi@&m.&frer orgapic bodies present, while it is itself reduced to nitroso, azo and 
amxy derivcttives according to. the Bamberger rea~t ion.~ Oxidation of side 
ohains on the same molecule by a nitro group is a special case of this photo- 
zeaction. 6' 6' '. 

The photodecomposition of 2 : 4 : 6 trinitrotoluene has been studied-by 
many workers. 9 Kraw a d  T=k@ ; o h b d  ta have isolated picric acid 
a d  trinitrobenzoic acid from the photodecomposition product of T. N. T. 
S>dahill obaervd- that, in diEused light, T. N. T. liberated nitrous vapogrs in 
bhree months. Schultz & Ganguly12 examined a vEater extract of T. N. il'. 
exposed to sunlight and stated that by the action of sunlight, T. N. T. is con- 
rerted to two tautomeric quinoneoximes, C7H606N8, of melting points above 
280". The were considered to be formed by the oxidation of the methyl 
gmup by the tw~e&o &m gmups which were teduced to nitroso groups. 

Nitra and 8rinivasanT have studied the photo decomposition of T. N. T. 
and have observed that i 

(a) the quantity of photodecomposition product formed depends upon 
the duration of the exposure to sunlight, 

(b) the decomposition takes place with gl'eater facility in dissociating 
- - solvents and not a t  all in nondissociating solvents. Presumably 

a tmd&mation of the T. N. T. to its acid form takes place prior 
to dec&nposition, and 

(o) the photodecomposition product bears a strong resemblance to the 
product obtained by the action of alkali on T. N. !I!. 

Mitra and Srinivasan13 have not suggested m y  probable structure for the 
p~~todecomposition product of T. N. T. The present work was undertaken 
Mth a view to elucidating further the nature of the phot~decom~oaition of 
axomgtic nitrocomp~unds ip general. . 
- -- 

+ From a jbqis-submitted by the author in July 1949 to the University of Bombay for 
the Ph, D. D y m .  
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The photodeco~position product obtained by exposing eolid 2 : 4 : 6 
trinitrotoluene to sunlight was found to be a -resinous material, having a 
molecular weight (ebullioscopic; solvent acetone) 5 to 6 times that of T..N.T. 
and a lower nitrogen content. The evolution of nitrous fumes after expasure 
to sunlight was confirmed. When T. N. T. was exposed to sunlight, in t'he form 
of -an aqueous suspension, the amount of nitrous acid liberated after exposure 
to sunlight, was found to depend on the pH of the suspension and was negligible 
at  pH 3 and below. The nitrous acid was estimated calorimetrically using 
the Griess-Ilosvay reagent. 

The photodecomposition proddct of T. N. T. was of an intractable nature 
and no identifiable products could be obtained by its oxidation or reduction 
using a variety of .reagents. The absorption spectrum in the visual region 
of the photodecomposition produ@ a d  -- decomposition - product of 
T. N. T. were found to be very similar. A.c .-... 

The photodecomp'mition of some simple nitro compounds aam then 
studied. Aqueous suepensions of Nitrobenzene, paranitrotoluene a d  
1-nitronaphthalene, when exposed to sunlight were found to give phenol, 
p-cresol and 1-naphthol (with a trace of 2-naphthol) respectively, along with 
nitrous acid. This shows that the overall rewtion i s  

RN08+Ha0 -? R OH+HNOa kx- c -  - ,- - 
This reaction has not been reported by previous workers. The amount of 

. nitrous acid liberated in these cases also was found to depend on the pH of the 
suspensions., It was confirmed that the suspensions even at  high pH values 
and high temperatures (96°C) did not liberate nitrous acid, if they were kept 
in dark. . 

The photodecomposition of 1-nitronaphthale~e was further qtu,gi.& -46 
detail. Apart from the formation of 1-naphthol (with a trace of 2-ngphthol) 
and nitrous acid mentioned above, 2-nitroso-1-naphthol and 4-nitroso-l- 
naphthol were separated and identified in the decomposition product. The r e d  - 
dual decomposition product consisted of a reddisl) brown- material of indebite 
melting point and is probably a complex azoxy compound formed from t h ~  
above nitrosonaphthols. 

During the processing of the photodecomposition product of i-nitro- 
naphthalen< care was taken so that free nitrous acid was not liberated at  any 
stage, to  prevent its reaction with 1-naphthol which was present. The isola- 
tion of 2-nitroso-laaphthol and 4-nitroso-1-naphthol under these conditions 
indicated that these were formed directly by the photodeoomposition of 1- 
nitronaphthalene. 

The formation of 2-nitroso-1-naphthol was rather unusual. In order to ' 
eliminate the possibility of its formation from 2-nitronaphthalene which might 
have been present as an impurity in the 1-nitronaphthalene used, l-nitro- 
naphthalene was prepared indirectly from purified 1 : 5 dinitronaphthelene 
by removal of one nitro group through diazotization. The pure 
1-nitronaphthalene thus obtained also gave 2-nitroso-1-naphthol o$ 
exposure to sunlight. In the formation of 2-nitroso-1-naphthol (and abo 
l~robably of 4-nitroso-I-naphthol) from 1-nitronaphthalene, a niigration of the 
nitrogen atom therefore appears to be taking place. Incidentally, the melting 
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point of pure 1-nitronaphthalene has been observed to be 56.5' (Corr.) wheriI: 
a6 melting points ranging from 56 to 61.5' have b y n  reported in literature,- 
14, lb, 18, 17, 18. 

In the case of 2 : 4 : 6 Trinitrotoluene all the three nitro groups may un3w- 
go either of the above two typss of reactions sim~litsneonsly. The repla&** 
meqt of one liitm group by a hydroxy group m3y give rise to two isomsrye 
&nitrocresols. A large number of nitroso-nitro-cresols can a l s ~  be formod 
analogous to the formstion of nitrosonsphthols fro% nitronaphthalene, and 
these may further condense to a co-iiplex mixture of azoxy conpounds. The 
methyl group is also likely-to c.313s~13s with a nitrono group, proJucing ban- 
zal-snilino derivatives. It is nqb, thsraf~ra, swprisinq thst a very c o n ~ I e x  
photolecoapo3ition proluct is f i n d l ~  obtzind. Enam'natioa of p%oto- 
deconpo3ition proluctn of T.N.T. afbsr s'lort eroosures, is'likely to  clarify 
the early stages of the reaction a d - t h i ~  work is in hand. 

I n  order to deterdue, if powible, the.eTact of substituents on the photo- 
deosspo*im &-nitre group, the exteqt of photo.-Xecommsitio~ of a nun5er 
of nitrooonpounds was measured in terms of nitrous acid produced after three 
hours exposure. The neutral nitrocoa~o~mdn wsre expose3 in .the form of 
their saturated solutions in a buffer solution ( p a  7, BorateIBoric acid). The 
acidic nitrocornpounds were exposed in the form of millimolar solutions of 
their sodium -Its in the same buTer solution. The rates of deoomposition 
were found t o  increase in the -followi$g order :- 

~ y l e n e  musk, p-chloronitrobenzere, 2 : 4 : 6 Trinitrobenzqic acid, 1 : 3 
dinitrobenzene, Trinitrobenztine, 2 : 4 dinitrotoluene, m-nitrotoluene, trini- 
trostilbene, 1-nitronaphthalene, p-nitrophenol, p-nitrotoluene, 2 : 6 Dinitco- 
toluene, 2-nitronaphthalene, 0-nitrotoluene, 0-nitrobenzyl-alcohol, mitre- 
ben~ene, nitromesitylene, 2 : 4 : 6 trinitrotoluene. 

Although no rigorous gradation of the effect of various groups on the raie 
of photodeconiposition~of a nitro group is possible, the following qualitativ~ 
observations can be made :- - 'P3 

= (a) A substituent group lowers the rate of decomposition, the 1 0 ~ 7 %  
is more with acidic substituent groups. The reduction in rate of decompo- 
Bition is more when a substituent is in the meta position and is least whep i t  is 
in the ortho position. 

(5) A methyl+group increases the rate of decomposition in a polpi@- 
compound. The case of xylene musk however appears to be a peculiar ex- 
oeption. 

EXPERJRIE3WA.L 
Experiment I 

Photo&am,)>ositian product of 2 : 4 : 6 T.N. T. 
100 gma of 2 : 4 : 6 T.N.T. (120 B.S.S.) were spread out in a thin layer in 

an enamelled tray. The tray was covered with a cellophane sheet. and ex- 
posed $Q sunlight. The T.N.T. was turned over every day. After one m0ntbyr 
erposure (In March a t  Kirkee, sun temperature Maximum 151°F, M i n i m a  
134°F) the material became d d  brown and was soft and aticky a t  tba m - .  
temperature. 
Y3llArmy 



- The material was repeatedly extracted with boiling carbon tetrachlo- 
r i b  Prhich removed unchanged T.N.T. The residue (1.5 gm) was a brown 
~'1ph0ns  eolid of an indefinite melting point (above 200"). 

3 gms of this photodecompodtion product were dissolved in 20 d. acetone 
and fractionally precipitated by adding carbon tetrachloride, and fractions 

= collected when acetone[carbontetrachloride ratios were 1 : 3, 1 : 4 and 1 : 6. 
"Pie1t-b 1.2 gm, 0 4 gm and 0.6 gm respectively. - 

NO,% 

37-2 

' 38.5- 

-- , -32.1 

'60.8 

Ir. 

M b n  &om $oetone/CCl, 

1-8 .. . . . . . . 
1:4 .. . . . . .. 
1$6 .. . . . . . . 

. *  I, 
Exprimant 2 

Pholodebomp06i~m of nSr~.obclza;ene 
3 ml. of ptue redistilled nitmbenzene were suspended &-& @&&; bj 

0.2 N NaOH (pH 12.6) and the solution was-exposed to sunlight in a tram- 
v n t  quartz tube (the reaction was later found to take place in a glass tube 
also). After 10 days exposure the deep yellow aqueous phase was separated 
and neutralised with CO, (phenolphthalein, external). The solution was then 
extracted with ether, the ether extract was washed with water and extracted 
4 t h  N/10 alkali. The alkali extract was treated with an excess of s a w  
NaHCO, solution and distilled, about 30 ml o£ WZ&,lw a. . "&e 
distillate was extracted with ether, ether extract dried-over sodium sulphate 
and ether distilled off. The residue was an oily liquid with a distinct 
of phenol. It gave a positive teat with Millons reagent and with F e ~ c  
ahloride. The material was further identified sla phenol through ib t,&broio 
derivative, m.p. 95'. 

p-Cresol was similarly isolated, after expmure of parnnitmtol~e~e. fn 
tk$ case steam distillation was not necessary, as the cresol crystallised d i d y  
from the ether extract residue. Identity of the p-cresol was confimed by 
preparing its 3 : 5 dinitrobenzoate m.p. 180" and-benzoate m.p. 71'. Yield 
of crystalline p-cresol benzoate obtained in a separate similar experiment was 
25 mgms. 
Experiment 3 

Photdecompsition of I : nitronaphthahe 
(a) Isolation of I;naphthol 

Ci gms of pure 1-nitronaphthalene were suspended in 40 ml. d 0.2 N 
NaOH and exposed to sunlight for 10 days. The solution waa Gltered fmm 
mohnged nitronaphthalene and the filtrate treated as in Expt. 1, except that 
t ~ b ~  alkali soluble photodecomposition product were finally taken up in ben- 
m e  i m & ~ d  of ether. The benzene solution was wa-shed free from 6qid ma 
dried aver sodium aulphabe, 

Mol. Weight 

1050-1300 

86@+@j 

880 

N% 
(Microdumas) 

15.24 

*. 

M:%--- 

TI.T. . . . . . . 227 18.5 
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The benmne extract wasebmmakdgraphed over an alumina column (10 
c& kmg, 14 mm diam). The colourless benzene elutate was shaken with three 
60 ml. portions of N/10 alkali. The alkali extract was acidified with sulphulri. 
aoid and extracted with ether. Residue from thk ether eztract was a whib 
crystalline solid. Yield 50 mgm. A small portion of the solid was purified 
by s u b b t i o n  OD a mJoroscope coverglass, m.p. 94". The solid was i&n#ied 
as l-nap&&l by mixed m,p. and by the preparation of 2 : 4 dinitro-1-naplr- 
h i  mp. 137"s a derivative. The crude 1-naphthol gave a distinct g m  
fluorescence when its solution in 1 : 1 Conc. H,SO,/acetic acid was exposed to 
ultraviolet light indicating the presence of a trace of 2-naphtho1.u 
2-ntcphthol was similarly isolated from the photodecomposition products cd 
%nitronaphthalene. 

(B) Esolation of 4-nitroso-1-naphthol 

The lemon yellow band which appeared as the bottomm6st band o$ t b  
chromatographic column above, was mechanically separated and extracted with 
ether in the p_exlbe-& 8- small quantity of dil. sulphuric acid. The ether 
axtaaot wee .shaken with three 20 ml. portions of N/5 alkali. The alkali ex- 
tract on acidification gave a pale yellow solid. This was crystallised from 
benzene in pale yellow needles, m.p. 195-200" with decomposition. Yield 16 
mgm. This product was identified as 4-nitroso-1-naphthol by mixed mel"ting 
point with 4-nitroso-1-naphthol prepared by Goldschmidt's a0 method, a d  
preparing &nitro-1-naphthol m.p. 164" as a derivative. 

Incidentally i t  has been found that the 4-nitroso-1-naphthol prep&r& lq 
Golds~hmidt's~~ method could be more easily isolated in a pure form, if a 
benzene solution of the reaction product was chromatographed on aluminn. 
(c) Isolation of 2-nitroso-1-naphthol 

~bout'1200 ml. of a suspension of pure 1-nitrornaphthabne (16 p) in 0 -2  
N BtOH wem exposed ko-sunlight for 15 days in three glam tub. A hen- 

extract of the a&ali soluble photaiiecomposition products was pr* 
as in (a) above. This extract was passed throu& an alumina calm (14 
diam, 15 om. long) the column was successively washed with 60 ml. benzene, 
50 ml. 75/25 benzene/alcohol a ~ d  50 ml. alcohol. A reddish yellow band wae, 
now left on the column just below the top, The column was now waded with 
100 ml. ether containing 1 ml. acetic aoid, when a deep yellow e l u a h $ ~ a s  
obtained, On evaporation this gave a reddish yellow crystalline residue whi& 
when crystallised from alcohol gave a yellow crystalline solid on long standing, 
m.p. 160-162". This solid gave a blood red colouration with conc. sulphuric 
acid indicating that it was 2-nitroso-1-naphthol. The identity was c o n b e d  
by oxidising the material with hydrogen peroxide in N/10 alkali solution, to 
2-nitro-1-naphthol. m.p. 127". 

Experiment 4 
Preparation of p r e  I-nitro-na.pthalme free from 2-n~tro-nwpld7k11m 

(a) Preparation of 1 : 5 dinitr0118phthslene 

A mixture of dinitronriphthalenes wae obtained by nitrating l -&b 
naphthalene m.p. 54-61>" by mixed acid below 10". This was dissolved in 6 



timerr its weight of hot pyridine. The pyridine solution on cooling deposited 
1 : 5 dinitronaphthalene. This was further cryatallised from glacial ace ti^ 
ao8, m.p. 217*. , 

(6) 1-nitro, 5-amino-naphthalene 
12 gms of finely powdered pure 1 : 5 dinitronaphthalene were suspended in 

100 ml. of ethyl alcohol and 10 ml. of Ammonia (d=O.88) were added. Hy- 
drogen sulphide was then passed through the mixture till all the dinitronaph- 
tbalene was dissolved. The yellow solid precipitated during the reduction could 
eergily be distinguished from the dinitronaphthalene. Thb mixture was then 
g~ured in water when a red brown solid separated. This was extracted with 
200 ml. of hot dilute HC1 (1 : 3). The acid extract was filtered and made al- 
kaline with ammonia. The precipitated so 
fication. 

(c) 1-nitronaphthalene 
- 7 gms of crude 1-nitro-5-amino naphthalene were dissolved in 200 ml. 

~)cohol and 10 gms of conc. sulphuric acid were added. The solution was 
eocled to 5' and a cold 40% solution of sodium nitrite was slowly added in 
slight excess (Strach iodide, external). About 11.5 ml. were required. The 
mixture was refluxed on a water-bath for 2 hours and bulk of the alcoXoI 
was theq distilled off. The residue was distilled with steam. The solid in the 
distillate was filtered, washed with water and 0.2 N alkali. Yield 2 gms. 
The material was heated on a water bath to allow sublimation of any naph- 
Ghalene present. Heating was stopp 
trppg?red. The residue was crystallised 
leam etLer. It crystallised in the fo 
66.6' (Corr.) 

; Thanks are due to the Superintendent of Development, Technical Deve- 
-1opmbnt Establishment (Military Bxplosives), Kirkee, for his keeninterest 
,and to the Director of Technical Development, Army Headquarters, M.G.0'8 
Branch, New Delhi for permission to publish thh results. 
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