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PAPERS READ BEFORE THE CHEMICAL SOCIETY. 

XXX.-COMMUNICATIONS FROM THE LABORATORY O F  
THE LONDON INSTITUTION. 

No. V.-On the Nitration-pmhcts of the DibroinopiLenolszc~~onic Acids. 
(First Notice.) 

By HESRY E. ARXSTRONG and FRED. D. BROWK. 

THE nitrat ion- products of the dichlorophenolsulphonic acid obtained 
by chlorination of Ke kul6's  phenolparasulphonic acid have already 
been described by one of us (this JoumaZ, ix, 1112) ; in the present 
communication the results of the examination of the corresponding 
brominated compound are stated. 

The products we have obtained are, as was anticipated, the precise 
analogues of those yielded by the chlorinated acid, but several not un- 
interesting observations have been made, showing that, although 
identical in kind, the reactions in the two instances are in several 
respects different in degree. 

It had previously been found (ibid. x, 13) that the chlorodinitro- 
phenol prepared from ordinary a-dinitrophenol was identical with the 
main product of the action of nitric acid on dichlorophenolparasul- 
phonic acid, the corresponding bromo-derivative of a-dinitrophenol has 
therefore been examined and compared with the bromodinitrophenol 
obtained by nitration of the dibromosulpho-acid, with the result that 
they also are identical. 

The phenolsulphonic acid employed was prepared by heating a 
mixture of equal weights of phenol and ordinary concentrated sn2- 
pliuric acid for 15 hours at  looo, the heating being continued thus long 
in order to ensure the conversion of the phenolmeta- into the phenol- 
para-sulphonic acid, with what success will afterwards be apparent. 
The product was dissolved in water, and, after the small quantity 
of sulphuric acid present had been removed by lead carbonate, &c., the 
free acid was neutralised by potassium carbonate, and the solution 
evaporated to the crystallising point. The first crystallisation of the 
potassium salt thus prepared was separated from the mother-liquor by 
draining on a vacuum-filter, and afterwards twice recrystallised. Only 
this purified salt was made use of in the following experiments. 

Even when bromine is made to act on an aqueous solution of potas- 
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858 ARMSTRONG AND BROWN ON THE NITRATION-PRODUCT; 

sium phenolparasulphonnte in the proportion necessary t o  form tli c t  

monobrominated derivative, the main product consists, as shown 11s 
S enhofer  ( A m .  Chenz. PImrw., chi,  lO2),  of potassium diloromopheuol- 
sulphonate, a rely small proportioil only of tllc nioiiobrominated salt 
being produced ; we find that by employing the proportions-2B~~ : 
CJ&( OH) S031C-an almost theoretical yield of dibromophenol\iil- 
phonate is obtained. 

Prepara,tio?z.-The potassium phcnolsulphonate is dissolved in matw, 
and the bromine is added by small quantities to  the colcl solution, tlicb 
liquid being constantly agitated. The flask containing the solutioir 
should be immersed in cold water, in order to prevent the accumula- 
tion of the heat evolved in the reaction. The bromine disappears 
rapidly on agitation, the solution becoming colourless, and it is not 
until almost the'whole of the necessary quantity hzs been added that 
it assumes a permanent yellow colour. The dibromo-salt separates out 
partially, either during the addition of the bromine, or some time after- 
wards, according t o  the state of concentration of the solution employed. 
If is usually in so finely divided a state, however, that it is a matter of 
extreme difficulty to  separate it from the mother-liquor, so that it is 
advisable to heat and t o  add matcr until the whole is dissolved; 011 

cooling, the potassium salt thcn crystallises out in needles, and a furtlici. 
large quantity is obtained on evaporating the filtrate. 

If  care be taken to avoid all rise of temperature on the addition of 
the bromine, the product which separates is entirely soluhle in watei.. 
but if the bromine act 0; a warm solution, a cerlain quantity of an 
insoluble substance is produced. This melts t o  an oil under matttci. 
below 100" ; it  is readily soluble in aqueous alcohol, from which i t  
crystallises in long fine needles melting at  about 93". Analpi\ 
shows it to  be trib~owaopheizol, the melting-point of which is statctf t o  
be 95'. 

*393 arm. of the subsbance once reci*ystallised flaom alcc~hol gCt \ c' 
-661 grm. AgBr. 

-3204 grm. of substance from a second preparation twice recrJ-stal- 
Xsed gave ,542 grm. AgBr. 

Thcory. I. 11. 
Br, . ,. . 72.50 71-57 71.98 

Senhofe r  also noticed the formation of a small quantity of a sub- 
stance melting below 100" by the action of bromine on potassium phenol- 
metasulphonate, but states that i t  was not obtained of constant coni- 
position in different experiments. He regards it as a mixture of highcia 
brominated benzenes, formed by a secondary reaction-this we aye 
much inclined to doubt ; evidently the tribromophenol is simply the 
product of the further action of bromine on the dibromophenolsul- 
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OF TEE DIBROMOPHENOLSULPIIONIC ACIDS. 559 

phonic acid first formed. We also believe that in our case it wab 
formed from a srnaEl quantity of meta-salt present in the para-salt we 
employed, since we noticed that a relatively greater amount was ob- 
tained when a salt TTSS acted upon which was known to contain some 
quantity of potassium phenolmezetnsulphonate. The dibromophenolpara- 
aulphonate does not appear t o  yield tribromophenol when acted upon 
by bromine at  ordinayy temperatures. 

Barium D i b r o i 7 2 u ~ ~ 7 L e n o ~ n ~ ~ s ~ ~ ~ ~ o n a t e  ( C6H,Bi;OHS0,),Ba + 3 aq.- 
This salt is readily obtained a i  a crystaliirie precipitate on the addition 
of barium chloride to the solution of the above ineiitioned potassium salt 
Rccrptallised from water it forms long, brilliant white, silky I;ccdles. 
which contain two molecules of water, as stated by Senhofer.  

4 /97  grm. of thc ;iic.ctried salt lost -07 gi-m. H20 at 140". .+- 

Theor:, . I. 
3HzQ.. . . . . .  8.26 8.9 

So diuqta Di bro i i  i op h e w  lp c~ r a w @  h oyzat e, C6H,Br20H S QsNa + 2 aq.-- 
We obtained this salt by the direct action of bromine on a moderately 
dilutc cold solntion of sodium phenolparasulphonate. It begins to 
separate out  towards the close of the reaction iii long, brilliant white 
needles, easily soluble in hot, difficultly soluble in cold water. 

1.8514 grm. of the ail* dricd salt lost -180 grm. H,O at 150". 
19338 grm. lost ~121'7 grm. €120 at 170". 

-383 grm. of tlic nn11;rclrous salt gavc -4059 gim. AgBr.* 
*4488 7 7 )  ~3075 grm. BaSOa. 
-3758 3 7  7 475.21 grm. NaaS04. 

Theory. I. 11. 
2H,O . . . .  9-23 9.72 9 86 

- BY,. ..... 45.19 44.7 
s ...... 9-02 9.42 
Na . . , ,. . 6.49 6.48 - 

- 

Actioii qf Nitric Acid.-One of the objects of the investigation being 
to ascertain whether the action of bromine on phenolparasulphonic acid 
gave rise to the formation of more than one dibrominated-derivative, 
the salt (either potassium or sodium) acted upon by nitric acid in a11 the 
following experiments was a portion of the total product obtained by 
evaporating the solution Lo dryness, after the addition of the necessary 
quantity of bromine. 

Action at O".-The dry salt was added in small portions at  a, time to  
nitric acid (sp. gr. 1.36) contained in B flask surrounded by ice, the 
proportion of acid to mlt being about two to one. Under these con- 

Q A slight lose of bromine WM, by accident, incurred in this eqezimmt. 
3 8 2  
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8 60 ARJISTI1OSG Ah'D BROTVN OX THE NITRATION-PRODUCTS 

Gitions mere traces only of bromine were evolved. After standing for 
some hours water was added, and the nitro-product removed by filtra- 
tion. On heating the filtrate, and afterwards leaving it to cool, no 
separation of nitro-product mas observed, thus proving the decomposi- 
tion of the sulpho-salt to have been- complete. The solid nitro-pro- 
duct was suspended in water, treated with potassium carbonate, and the 
mixture of potassium salts separated by fractional crystallisation. I t  
was thus found to consist in the main of (a )  diib~omonitrophenol melting 
at  132" (uncorrected), together with small quantities of an isomeric 
body (c) melting at 117*5", of bromodinitrophenol (6) melting at 1 1 7 O ,  
and of the potassium salt of a bronionitt.opl~enolsztlplhoizic acid (a). 

Action at higher Temperatzcres.-If the salt is added gradually to nitric 
acid at the ordinary atmospheric temperatures, and the precaution is 
taken to avoid too great an accumulation. of heat by occasionally 
plunging the flask into cold water, a considerable amount of bromine 
is set free, but the product still contains a very large quantity of the 
above dibromonitrophenol (melting point 132") ; proportionately more 
of the dinitrobromophenol is obtained ; the same relative proportion of 
of the isomeric dibromonitrophenol (melting point 11 7*5"), and little 
or no bromonitrophenolsulphonic acid. 

By the action of a more concentrated acid (sp. gr. 1.42) under the 
same conditions, a much greater proportion of bromodinitrophenol is 
produced, but it is not possible in this way to convert the whole of the 
dibromonitrophenol (melting point 132") into bromodinitrophenol, 
without at  the same time risking the conversion of more or less of the 
latter substance into trinitrophenol. 

Our observations lead us to conclude that certainly less heat is 
evolved by tbe action of nitric acid on potassium dibromophenolpara- 
sulphonate than on the corresponding dichlorinated compound. On the 
other hand, the bromo-salt is entirely decomposed by nitric acid at  Oo, 
whereas a certain proportion of the chlorinated sulpho-salt always 
escaped decomposition ; at that temperature a comparatively small 
quantity of the dibromonitrophenol undergoes conversion into bromodi- 
nitrophenol by the further action of the nitric acid ; a much larger pro- 
portion of the corresponding dichloronitrophenol was converted into 
chlorodinitrophenol, which may doubtless be attributed to the greater 
amount of heat evolved in the reaction. By the further action of nitric acid, 
bromodinitrophenol may be converted with moderate ease into trinitro- 
phenol; the corresponding chlorodinitrophenol yields little 01- no trini- 
trophenol ; it is not attacked by moderately concentrated nitric acid in 
the cold, and is entirely decomposed by the strongest acid on warming. 

Analogous products therefore are obtained by the action of nitric 
acid upon the dichloro- and dibromo-phenolsulphonic acids prepared 
from the product of the action of snlphnric acid on phenol ; the two 
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OF THE DIBRONOPHENOLSULPHONIC ACIDS. st; 1 

differ only in that they are decomposed with unequal degrees of readi- 
ness. 

(a,)  Dibromonitrophenol, C6H,Br2N020H (melting point 132').- 
There is no doubt that our product is identical with the dibromortboni- 
trophenol obtained by B r u n c k  (Zeitschr. f. C7~em. [2], iii, 204) by thc 
action of bromine on orthonitrophenol. He states, however, thai it 
melts at 141", and is decomposed a few degrees higher; we find tho 
melting point as above, but that decomposition occiirs, with evolution 
of nitric oxide,* inmediately om fusion ; w a t e ~  is also given off and ;t 

brown, friable mass remains, from which at a higher temperature small 
white shining crystals sublime. 

Brunck  describes two potassium derivatives of this phenol, one of 
which is anhydrous, and crystallises in tufts of orange yellow needles : 
the second, containing 2 molecules of water forms pale-yellow plates. 
We also have obtained two salts, the one anhydrous and deep orange- 
yellow, the second containing 2 molecules of water, but crystalliseil 
in long yellow prismatic needles, or on slow cvaporation of a dilutck 
solution in large prismatic crystals. 

We have observed the formation of Branck's second salt froiii 
i m p u r e  solutioiis, but it has always yielded needles on recrystallisatioii. 
The second salt gave the following numbers on analysis :- 

1.8556 grm. lost -1848 grm. H20 
,6137 grm. thus dried gave *1599 p m .  KZS04. 

Theoq-. I. 
2H,O .... 9-7 9.9 
K.. . . . . 11-66 11.69 

The phenol obtained from the above potassium salts by decompo\i- 
tion with dilute nitric acid, is of a pure white colour when freshly 
precipitated ; it is very insoluble in water. 

-3599 grm. g,zm -4535 grm. AgBr. 

Theory. I. 
Br, . . . . 53.87 .>:3-62 

(b.)  Di2aitrobl.omo~7~e?zol, CsH2Br(N02)aOH. (melting point 11 7*). - 
This body, the main product of the action of nitric acid (sp. gr. 1-42) 
on dibromophenolparasulphonic acid at  somewhat elevated tempera- 
tures (5Oo--SO0), crystallises from boiling water, in which, however, 
it is only slightly soluble, on cooling, in short, fine, almost coloui'Ic's5 
needles. 

,3299 grm. gave -2383 grm. AgBr. 

Espeyiruents are in pi-opeFs to determine the amount of gas evolved, and i t  e 
composition. 
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8 62 ARMSTRONG AND BROWN ON THE NITRATION-PRODUCTS 

Theory I. 
Br . .. . 30.41 30.73 

Potnssiunz Derivative, C6H2Br(N02)201C + Aq. - Brilliant yellow+ 
flat needles moderately soluble in hot, difficultly soluble in cold 
\v ater , 

1.0865 grm. lost -0597 grm. OH2 a t  140". 
~4739 grm. thus dried gave -135'7 gym. IC2S01. 

E,O.. . . 5.6 5.49 
R.. .. . . 12-93 13.88 

Theory. I. 

Barium Derimii7;e (C,H,Br(NO,) ,O),Ba + 4-5aq.-This salt is ver) 
difficultly soluble in cold water. It crptallises in short needles of a 
more or less deep yellow colour, according to the stale of concentration. 
and temperature of the solution from which it separates ; this difference 
in colour corresponds to  ;t difference in the  amount of water of crystal- 
lisation, thus one sample m'aa found io  lose 11.3 per cent. of water on 
thying a t  180", whilst a mcond, d~rl ier  coloured sample lost only 10.18 
pcr cent. By calculation, a loss of 9.8 per cent. eowesponds to 4 mole- 
cules, a loss of 11.9 per cent. to  ij molecules. 
CaZciuni, Dei-irdicc: ( C,K,Bi~(W0,)20),C~ -f- 7 - Saq. -The salt 

containing 7 molecules of water separates from a ho t  concentrated 
solution o n  cooling in brilliant, deep omngc - coloi i id ,  rhombic 
plates; tlic filtratc from i!ic.,e cryslals dcposits t h o  second sall 111 
thc form of short, yellow iicccllc's, difficultly soluble in cold watcr. 
If the firAt salt be ullon-etl to remaiii in tlic solution, it is gradnally 
converted into the second ; indeed tllc tcn{lency to tindergo this 
change is so great, that it i d  extremely diiEcult to  obtain thc for- 
mer in a, state of purity. A sample rapidy ilricc? between folds of 
bibulous paper lost 18.2 Fey cent. H,O on drying at  180"; a second 
similarly prepared, lost 1S.4 per cent. Thc cdculated loss correspond- 
ing to 7 niolecnles is 18.2 per  cent. ; t o  8 mo!ecules 20.3 per cent. 
A quantity of tlic yellow salt lost 20.3 per cent. of H,O a t  180". Thc 
:tbove-desc~ibecl bchsviour is pecnlisrly charnctcristic, a i d  may bc. 
cmployed with grcat advantage as a nieans oi' recognising tlis prcsciicc 
of the ~initrobromopheiiol in question. 

The action of bromine on ordinary dinitrophcnol has already been 
studied by Laurcnt (Iickzc2J's Lehrbzcch., iii, 56)  : he obtained a brorno- 
alinitrophenol melting at 110". We have repeated his experiments, 
;~nci can confirm his observations, wit11 the onc csception that we Gild 
I he meltiug point to be 117". The hromodinitrophenol thus prepared 
i , i  identical in all particulars with the above described ; the calcium 
.-:tits of the two products behave in exactly tlic same manmi-. 

Dinitrophcnol was digested with an excess of bromine in a retort on 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
72

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

C
hi

ca
go

 o
n 

28
/1

0/
20

14
 2

1:
24

:0
9.

 
View Article Online

http://dx.doi.org/10.1039/js8722500857


O F  THE DIBRONOPRENOLSULPHONIC ACJDS. 863 

the aster-bath so long as hydrobromic acid was evolved ; the excess of 
bromine was then distilled off, and the product purified by reciystal- 
lisation of its potassium salt. 

The purific ' salt gaTe the following numbers on analysis : - 
-9552 grm. lost -0532 gym. OH, at 140" 
-3078 grm. thus dried gave -0887 grm. K2S04. 

Theory. I. 
5.5 HZO. .. . 5.6 

K.. . . . . 13.9.; 13.93 

The phenol obtaiiied by decomposition of this salt with dilite nitric 
acid eshibited the constant melting point of 117"-117~5". 

. " R  240 grm. gave *4055 grin. AgBr. 

Theory. I. 
BY .... 30.41 30.2 7 

4 barium salt prepwed from it lost 10.18 per cent. of water at  180". 
( t' the tn70 calcium salts obtniiicti, a quantity of the yellow (second) 
Yalt lost 20.1 pel- cent. of water on drying; tlie orange salt on one 
occasion waq very rapidly dricd by pressing between  fold^ of paper, 
;ind lost only 16.05 per cent. of water on heating ; oiher specimens 
lost from 18 t o  19  per cent. This would seem to render it probable 
ihnt the orange salt, when it first, sepamtes from the solution, contains 
loss than 7 niolccnles of water. 

(c.) D bi.oiiaoi2iirop~~eizoZ7 CGI-IJ3r,N020LI (melting point 11 7.5"). - 
This body was always obtained in relatively the same, though small pro- 
Iiortion, whatever the conditions of temperature, and the strength of acid 
crnployed. It is identical with thc product of the direct action of nitric 
x i d  on ordinary dibromophenol. We are therefore led to conclude, as 
111 the case (this Journal, ix, 1120) of the corrcsponding dkhloronitro- 
1)lienol (nielt'ing point 125") obtained by nitration of dichlorophenol- 
+idphonic acid, that it is formed from ZL small quantity of dibromo- 
1)heiioli72etasulphonate. If this be S O ,  it is evident that the phenol- 
+ulphonic acid employed contained a certain quantity of phenolmeta- 
-. ulphonic acid, the which, notwithstanding the long continued heating, 
had escaped conversion into the isomeric para- acid. 

The following aiialysis of the above nitro-product was made :- 
-3935 'grrn. gave *4948 grm. Ag Br. 

Theory. I. 
Rr .... 53.87 53.50 

'l'he potassium derivative crystallises in anhydrous crimson needles, 
which exhibit, more especially when seen floatins in thc solution, a 
~nngnificent metallic grccii In trc. 
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-864 ARMSTROKG AND BROWN ON THE NITRA4TIOX-PRODUCTS. 

(cl .)  a-BromonitrophenoZsulphonic Acid ,  C6HZBrNO2OH( S0,H). 
The mono-potassium salt of this acid crptallises in flat, yellow, silky 

It is needles, very soluble in hot  water, moderately soluble in cold. 
anhydrous. 

-4396 grm. gave -335 grm. BaS04 and *278 g r i .  AgBr. 
Theory. I. 

S . .  . . . . 10-73 10.46 
Br .. .. 26.84 26.91 

The dipotassium salt, which cry stallisis in orange plates, is extremely 
soluble even in cold water. 

~-BromonnitrophenolSZL~honic Acid ,  C6HZBrN020H ( S03H). 
On one occasion, on converting the total nitro-product obtained by 

the action of nitric acid at 0" on a quantity of 100 grms. of potassium 
dibromophenolsulphonate into potassium salts, a small residue (about 
2 grms.) remained on the filter through which the solution was passed. 
This was first exhausted with alcohol, by which, however, but little 
was extracted, and then with boiling water, in which the greater part 
dissolved. The solution assumed a deep red colour on the addition of 
potassium carbonate, and carbonic anhydride was set free ; on evaporat- 
ing tq a small bulk, and allowing to stand, a crystallisation of brilliant 
red needles was obtained. The latter dissolved in water gave, on the 
addition of acetic acid, a precipitate of short yellow needles, whicli arc 
the monopotassium salt of an isomeric bromonitrophenolsulphonic acid. 

Several suppositions may be made as t o  the origin of this body: 
either it is formed from the dibromophenolparasulphonate, from which 
the isomeric a-compound is undoubtedly derived, or from the isomeric 
dibromophenolmetasulphonate ; or it owes its origin, and we are in- 
clined to consider this the most probable, to the presence of a small 
quantity of a potassium monobromophenolsulphonate. 

In his paper on the nitrochlorophenols; P e  tersen (Ann. C'lberih. 

Pharnx., clvii, 182) discusses the relations between the melting points 
of corresponding chlorinated and brominated nitrophenols, and comes 
to the conclusion that the melting points of the former are from 
3" to 4" higher than those of the latter. 

He compares Laurent 's  bromodinitrophenol (m. p. 110') with a 
chlorodinitrophenol melting at  114". F au  s t's experiments and our 
own prove, however, that it corresponds to the chlorodinitrophenol 
melting at. 110"-111", and we have also shown in the above that 117" 
(approximately) is the true melting point. 

P e t e r s  en also takes the melting point of dibromorthonitrophenol 
as at 141", whereas we believe it to be much lower (132"). 
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ARMSTRONG ON BROMOPHENOLDISULPHONIC ACID. 86 5 

The supposed relation, therefore, does not exist, as will be evident 
from the following comparison :- 

Derivatives of 0rthonitrophe.nol. 
Brornorthonitrophenol ........ 102" 
Chlororthonitrophenol ........ 109" 

Derivatives of Nitrophenol. 
Bromonitrophenol ............ 88" 
Chloronitrophenol.. .......... 86.5" 

+ 1.5" 
Dibromorthonitrophenol ...... 132" 
Dichlororthonitrophenol ...... 125" 

+'I" 

Nitrobromorthonitrophenol .... 11'P 
Nitrochlororthonitrophenol .... 110.5" 

+ 6.5" 

Dibromonitrophenol .......... 117'5" 
Dichloronitrophenol . . . . . . . . . .  121.5" 

- 4.0" 

Nitrobromonitrophenol, ....... 78" 
Nitrochloronitrophenol ........ 805" - - 2.50 

There is an evident relation, however, between the melting points of 
corresponding chloro- and brorno- phenols derived f rom the same p a r e d  
compound, which indeed appears extremely probable on a priori 
grounds. More than this cannot be said, since the above numbers 
are but approximate. We hope, by extending our experiments, to 
obtain further evidence as to the nature of the relation. 
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