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in the same manner, tetranitroresorcinol 1
) yields trinitrophloroglucinol; 

tetranitrochloro- and bromophenol also yield trinitrophJoroglucinolon 
boiling with water or, more readily, with Na,OOs solution. By the 
action of NHa or NH 2 0 6 Hi etc. in alcoholic solution various other 
products are obtained, sueh as th08e substances included in the scheme 
which have been obtained previomüy from pentanitrophenoI 2

). We 
also see that water or alcohol cannot serve as a solvent for the 
purpose of recrystallising these compounds but that chloroform or 
carbon tetrachloride may be nsed. 

If, in the above cited 3-5-substituted phenols the OH-group is sub­
stituted by 00H3 it is not possible to introduce th ree nitro-groups. 
For instance the dimethylether of 5-nitroresorcinol yields two iso­
merie trinitroresorcinoldimethylethers (principally those with the 
melting point 195°, just as in the nitration of 5-nitro-m-xylene) 3); 
similarly, the methylether of 5-nitro-m-cresol (m.p. 70°) yields the 
methylethers of three isomerie trinitro-m-eresols, prineipally the 
compound with m.p. 139°. The constitlltion of these substances is -
not yet determined. 

Amsterdam, September 1906. 

Chemistry. - Prof. HOLLEMAN presents a communication from him­

self and Dr. H. A. SIRKS: "The sim iso7ne7'ic dinitrobenzoic acids." 

(Communicated in the meeting of September 29, 1906). 

Oomplete sets of isomeric benzene derivatives Ca H" A,B have been 
studied but littIe up to the present; yet, for a closer understanding 
of th08e derivatives, it must be deemed of great impol'tance to sub,ject 
the six. possihle isomel'S of which such sets consist, to a compal'ative 
investigation. A contribution hereto is the investigation of the six. 
isomerie dinitrobenzoic acids which Dr. SIRKS has execl.lted undel' 
my directions. 

The considerations which. guided me in the choice of this series 

1) According to HENRIQUES (Ann. Chem. 215, 335), tetranitroresorcinol (m.p. 1660) 
is fOl'med by the lJitration of 2·5 dinitrophenol. In RmlsTElN'S manual (vol. lI, 926) 
~ l"easonable doubt is thrown on the correctness of this observation. The sub­
stance obtained has probably been an impure trinitroresorcinol formed by the 
action of water on the primary formed tetrallitrophenol. (Rec. 21, 258). 

2) Rec. 21, 264. 
3) Rec. 25, 165. 
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of isomers were the follovring. Firstly, all six isomers wel'e li:nOWl1, 
although the mode of preparation of some of them 1eft much to be 
deSll'ed. SecoudIy, this series gave an Oppol'tllnity to test V. MEYER'S 
"ester l'ule" with a much more extensive matel'ial than hitherto and 
io study what inflnence is exercised by the presence of two groups 
present in the different positions in the core, on the esterification 
velocitYJ and to compare this with thai ve1oci1y in the monosub­
stituted benzoic acids. Thirdly, the clisóociation constants of these aciJs 
conlo be subjected to a compal'ative research and their values con­
nected with those of the esterillcation constants. Finally, the meWng 
points and sp. gr. of the acids and their esters con1d be investigated 
in their relation to these same constants in other such series. 

The six dinitrobenzoie acids wel'e prepared as follows. The sym­
metrie acid 1,3,5, (1 always indieates tlle positJon of the eal'boxyl 
group) was obtained by nitt'ation of benzoic acid or of m-nitroben­
zoic acid. All the othe1's were prepa1'ed by oxidation of the correspon­
ding dinitroto1uenes. This oxidation was cal'ried out pm·tly by per­
mangallate in su1phuric acid solution, partly by prolonged boiling 
with nit1'ic acid (sp. gr. 1.4) in areflux apparatus. 

We had to prepare ourselves th ree of the dimtroto1nenes, namely, 
(1,3,4), (1,3,6) and (1,3,2), ((}I!s on 1); (1.2,4) and (1,2,6) are com­
mercial articIes whiIst (1,3,5) was not wanted because the or1'e­
spon ding acid, as ali'eady stated, was readily accessible by direct 
nitration of benzoic acid. As wIlI be seen the three dinitrotoluenes 
which had io be prepal'ed are all derivatives of m-nitl'otoluene and 
it was, thel'efore, tl'ied which of 1hose might be obtained by a further 
nih'ation of the same. 

m-Nitrotoluene, which may 110W be obiained from DE HAEN in a 
pui'e condition and at a reasonab1e p1'ice was, therefore, treated with 
a mixture of nitric and sulphuric aClds at 50°. On cooling the 
nitI'ation-pl'oduct a considerabIe arnount of 1,3,4 dinitrotoluene crys­
tallised ont, whieh could be still further increased by fraetionated 
distillation in vacuo of the liql.lid portion ; the highest fractions always 
becarne solid and again yielded this dinitrotoluene, so that finally 
abont 65 gl'ms. of dinitrotoluene (1,3,4) were obtained from 100 grms. 
of m-nitr~toluene! , 

As the fractions with alowel' boiling point, although almost free 
from dinitrotoluene (1,3,J), did not solidify on cooIing, it was thought 
probable th at they mighLcontain, besides a little of the above dinttro­
toluene, more thmt onc of the ofher isomers, whose formation in the 
nitraiioIL of m-nÏtroioIuene is theo1'etically possib1e. If we consider 

19 
Proceedings Royal Acad. Amsterdam. Vol. IX. 
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that, in the many cases which 1 have investigated, lhe presence of 
1% of' an iso mer causes about 0.50 depression in the melting point, 
the fact that the oil did not solidify till-considerably below 00 and 
again melted at a slight elevation of temperature whilst the pure 
isomers did not liquefy till 60° or above, cannot be explained by 
the presence of relatively small quantities of 1,3,4-dinitrotoluene in 
presence of one other constituent, but it must be sllpposed to con sist 
of a ternary system. This was verified when the fractionation was 
continued still further; soon, the fractions with the lowest boiling 
points began to solidify on cooling, or slow Iy even at the ordinary 
temperature, and the solidified sub stance proved to be 1,2,3 - dini­
trotoluene. The fractionation combined with the freezing of the 
different fractions then caused the isolation of a third isomer namely 
1,3,6 - dinitrotoluene, so that the three isomerie dinitrotoluenes 
desired had thus all been obtained by the nitration of m-nitroto­
luene. The fourth possible isomer (1,3,5) could not be observed even 
aftel' continued fractionation and freezing. 

As regards the relative quantities in which the three isomers, 
detected in the nitration product, are formed, it may be mentioned 
that this product consists of more than one half of 1,3, 4-dinitro­
toluene, whilst (1, 2, 3) seems to occur in larger quantities than 
(1, 3, 6), as the isolation of the latter in sufficient quantity gave the 
most ,trouble. 

The c01'1'ected solidifyin,q points of the dinitrotoluenes (the sixth, 
symmetrie one was prepared by BEIJ,STEIN'S method A. 158, 341 in 
order to complete the series) were determined as follows. Those of 
the dinitrobenzoic acids and of their ethyl esters are also. inc1uded 
in the subjoined tabIe. 

3.4 3.5 2.3 ~ 2.6 2.4 

Dinitrutoluenes 58.3 92.6 59.3 50.2 65.2 70.1 

Dinitrobenzoic acids 163.3 206.8 204.1 179.0 206.4 180.9 

Ethyl esters 71.0 92.9 88.4 68.8 74.7 40.2 

The specific gravities of the dinitrotoluenes and the ethyl esters 
were determined by means of EYKMAN'S picnometer at 111°.0 with 
the following result: 
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CO.H I 
or CH; Ion 1 toluenes e<ters 

3.4 I 2594 1 2791 

3 5 1 'l7ï2 1.2')35 

2 3 1.2625 1.2825 

2 5 1.2820 1.2859 

2.4 1.2860 1.2858 

2.6 1.28'J3 1.2923 

Water at 40 as unity. Corl'ected for upward atmosphedc pressure 
and for expansion of glass; 

Conductivity power. This was c1etermined in the usual manner 
with a Wheatstone-bridge and telephone at 25° and at 40°. As the 
acids are soluble in water ~ith dlffirulty v = 100 or 200 was taken 
as imtial concentration ; the end concentration was v = 800 Ol' 1600. 
In the subjoinec1 table the disBociation constants are shown. 

Dmllrobenzoic acid., 
1

3.
4 

1
3

.5 
1

2
.3 

.,. 
1

2
.5 

1

24 ~ 
Jat 25° 0.163 0.163 1.4.4 2.64 3.85 8.15 

K=100k 
at 40° 0.171 0.177 1.38 2.16 3 20 7.57 

On comparing these figures it is at once evident that the acic1s 
with ortho-placec1 mtro-group possess a much greater dissoeiation 
constant than the other two, so that in this respect, they may be 
divided into two groups. [n the acids without an ol'tho-placed nitro­
group, . the value of the dlssociation constant is fairly weU the same. 
In the other four, the position of the secol1d group seems to cause 
fair1y large c1ifferences. That second group increases the saic1 con­
stant most when it is a1so p1aced ortho: in N/100 solution 2-6-dinitro­
benzoic acid is ionised all'eady to the extent of gO %' Again, a NO~-group 
in the para-position increases the dissociation constant more than one 
in thè meta-position; and for the two <:lcids 2,3 and 2,5 which both 
have the second group in the meta-position, K is cOllE,iderably largel' 
for 2,5, therefol'e for the non-vicinal arid than for the vicinal one, 80 

that here an influencc is exercisec1, not on1y by the position of the 
19-1< 
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groups in itself, but also by their position in regard to each other. 
It also follows that OSTWALD'S method for the calculation of the 
dü:,sociation constants of disubstituted acids from th08e of the mono­
substituted acids cannot be correct as is apparent from the sub­
joined tabie: 

DlmtrobenzOlc acid 
K calculated K. found 

C02H on 1 

3.4 0.23 0.16 

3.5 0.20 0.16 

2.4 4.1 3.8 

2.5 3 6 2.6 

2 3 3.6 1.4 

2.6 64 8.1 

In the two vlcinal aLcids 2,3 and 2,6 the deviations from the cal­
culated value are particularly large, as I have previously shown for 
other vicinal substituted acids (Rec. 20, 363). 

In view of the comparison of the figures for the dissociation 
constants of these acids and for their esterification constc1nts, it seemed 
desirabie to have also an opinion as to the molecular conductivity 
of these acids in alcoholic solution. They were, therefore dissolved in 
95 vol. oio alcohol to a N./200 solution and the conductivity power 
of those liquids was detel'mined at 25°. The sllbjoined table shows 
the values found and also those of the aqlleous solutions of the 
same concentration alld temperature: 

dun trobenzoic acids I 3.4 
I 

3.5 2.3 
I 

,..~co m alcoh. sol. 1.1 I 1.15 1.75 
I 

"'~Oo ia aq ueous sol. 161.5 
I 

162.5 293 

2.5 
I 2.6 

-
2.25 1 2.7 

321 
1 

355.5 

I 
2. 

2 

335 

4 

.9 

.5 

from w hieh it appears that also in aleoholic solution the acids with 
an ortho-placed nitro-group are more ionised than the others.· 

Esterification velocity. The method followed was that of GOLDSCHMIDT, 

who dissolved the acid in a large excess of alcohol and used hydro­
chloric acid as catalyzer. The aleoholic hydrocWoric acid used here 
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was 0,4515 normal. Kept at the ordinary temperature it did not 
change its titre perceptibly for many months. As GOLDSCHl\lIDT showed 
that the constants are proportionate to the concentration of the 
catalyzer, they were all recalculated to a concentration of normal 
hydrochloric acid. Owing to the large excess of alcohol the equation 
for unimolecular reacLion could be applied. The velocity measure­
ments were exeeuted at 25°, 40° and 50°. At these last two tempera­
tures, the titre of the alcohol ie acid very slowly receded (furmation 
of ethylchloride) and a correction had, the1'efo1'e, to be applied. T11e 
strength of the alcohol used was 98.2 % by volume. 

In order to be able to compare not onlJ the esterification-constants 
E of the dinitrobenzoic aeids with each oiher but also with t110se of 
benzoic acid and its mononitroderivatives, the constants for those aeids 
were detel'mined at 25° under exactly the same cil'cumstances as 
in the case of the dinitroacids. Tbe results obtained are shown 
in the subjoined tabie: 

AClds - I E at 25° I E at 40° I E at 50° 

benzoic aCId 0.0132 I 
m. N02 » 0.0071 

I o. » » 0.0010 

3.4 dinitro » o 0086 0.033 0077 

3.5 » » 0.0053 0.028 0.060 

2 3 » » o 0005 0.0025 0.0071 

2.5 }) 0.0003 0.0027 0.0076 

2.4 » » 0.0002 0.0017 0.0056 

2.6 » » unmeasurably small 

As will be seen, E is by far the largest for benzoie acid and each 
subsequent substitution decreases its value. 

On perusing this table it is at once evident that in tbe dinitroben­
zoic acids two groups can be distinguished. Those with an o1'tho­
placed nitro-group have a mueh smaller constant than the other two. 
Wldlst therefol'e tl~e dissociation constant lOl' acids witll an O1't!lO­

placed nitro-yroup is t/te lal'yest their esterijication constant is t/te 
smallest. As shown from the subjoined tabIe, this phenomenon 
proceeds quite parallel i tbe acids whose dissociation constant is 
g:'eatest bave the smallest esterification constant and vice versa. 
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Dmitrohenzoie :leids I di~s. eonst. at 4.0° I estt'rlf. ranst _at 40° 

3.4 

3.5 

2.3 

2.5 

2.4 

2 6 

o 171 

0177 

1 38 

2 16 

3.20 

7 6 

0.033 

0.028 

0.0025 

0.0027 

o 0017 

< 0 0001 

On perusing the literature we have found that this regulal'ity 
does not exist jn this series of dil1ltrobenzoic acids only, but is observed 
in a comparatively large numbel' of cases. The stl'ongest acids 
are the most slowly estel'ified. This might lead us to the conclusion 
that in the esterification by alcoholic hydrochloric acid it is not the 
ionised but the unsplit molecules of the acids which take part in 
the reaction. 

A more detailed account of this investigation wil] appeal' in the 
Recueil. 

Amste1'dam'l . 
G

. Sept. ,1906; Labol'atol'y lof the University. 
1'onzngen 1 

I 

Chemistry. - Prof. HOLLEMAN pl'esents, a communieation fl'om 
himself and Dl'. J. HUISINGA. "On the nitration of phthalzc 
acid and isophthatic acid". 

I 

(Comruunicated in the mcetmg of September 29~ 19(6). 

Of phthalie acid, two isomerie monoderivatives are posbibIe, both 
of whieh are known pal'ticularly by a l'eseal'ch of Mn,LER (A. 208, 
233). lsophthalic acid can yield three isomerie mononitro-aeids. Of 
these, the symmetrie acid, which is yielded iIl the largest quantity 
during the nitration, is weU lmown. As to the mononitl'ated by­
produets formed, the llterature contains a differenee of opinion; in 
any case, there is only made mention of one seeond mononitro-aeid 
whose structure has remained doubtful. 

The investigation of the nitration of phthalic and isophthalic acid 
was taken up by us in order to determine the relative amount of 
the isomers simultaneously formed, ag-in" the case of Lhe mononitro.: 


