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T w o types of s t ruc tura l formulae of products of ox ida t i on of ani l ine 
to ani l ine b lack — those of quinoneimine or phenazine — are generally 
accepted [1]. A c c o r d i n g to W i l l s t a t t e r [21 emeraldine, n igrani l ine , a n d 
pernigrani l ine possess structures consist ing essential ly of p-quinoneimine 
rings w h i c h are combined w i t h benzene rings to fo rm chains. The number 
of benzene rings decreases whi le tha t of quinoneimine r ings increases 
w i t h the progress of ox ida t ion and deepening of colour of the p roduc t . 
E v i d e n t l y the fo rmat ion of the quinoneimine chains is the result of o x i ­
da t ion and condensat ion i n para pos i t ion . 

Th i s v i e w of W i l l s t a t t e r has been cr i t ic ised b y Buchere r [3], who 
suggested another s tructure w i t h phenazine r ings. I t has been supported 
b y Green [4] who prepared "ungreenable" ani l ine b lack b y ox id i s ing 
pernigrani l ine of W i l l s t a t t e r i n presence of ani l ine . The ox ida t ion (in 
ortho posi t ion) leads to the format ion of phenazine r ings. T h i s v i e w has 
been cr i t is ised b y Joffe and M e t r i k i n a [5]. A c c o r d i n g to them, "ungree­
nab le" ani l ine b lack is s i m p l y pern igran i l ine . 

I t has been po in ted out b y a number of authors tha t the ox ida t ion 
of ani l ine leads sometimes to the fo rmat ion of r ed or b r o w n ani l inoquinone 
der ivat ives , i . e. the condensat ion occurs i n ortho pos i t ion . Thus , Schunek 
and M a r c h l e w s k i [6] obta ined a product , w h i c h they described as d ian i -
l ino-qu inone-monoani l , when ox id i s ing ani l ine w i t h hydrogen peroxide or 
ozone i n a weak ly ac id m e d i u m . S i m i l a r results of the ox ida t i on of ani l ine 
have been described b y B a m b e r g e r and Tschi rner [7], Szarvasy [8] and 
others [9]. 

W i l l s t a t t e r and M a j i m a [10] pointed out tha t para condensation 
occurs when o x i d a t i o n is carr ied out i n a w e a k l y ac id m e d i u m i n presence 
of some catalysts , such as v a n a d i u m chloride or ferric sulphate. W i t h o u t 
catalysts an add i t i ona l condensat ion can occur in the ortho pos i t ion , 
a n d branched molecules can be formed. 

[775] 
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S u i d a [11], i n his -well-known w o r k on reac t ion of beuzoquinone 
and ani l ine , po in t ed out tha t benzoquinone a n d anjbne m a y lead to the 
fo rmat ion of dark coloured der ivat ives of ani l inoquinone s imi lar to ani l ine 
b lack i n a n ox id i s ing m e d i u m . The products are po l imer ic der ivat ives of 
t r ipheny lamine (A) . 
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I n the present w o r k the authors made a number] of exper iments 
on u l t rav io le t absorpt ion spectra of emeraldine (I), ani l ine b lack (perni-
granil ine) (II) , and "ungreenable" aniUne b lack of Green (II I ) [4]— a l l 
i n solut ion i n su lphur ic ac id . 

I n order to compare w i t h the spectra of the k n o w n compounds the 
spectra of solutions of model -compounds: an i l inoquinone ( I V ) , d ian i l ino-
quinone ( V ) , phenazine ( V I ) , saphranine ( V I I ) a n d phenol b lue ( V I I I ) 
have been examined i n su lphur ic a c i d . Saphranine was t aken as a t y p i c a l 
phenazine dye. P h e n o l blue (N-d imethy l indoan i l ine ) has a s t ructure 
composed of a n indoani l ine un i t , s imi la r to tha t of Wi l l s t a t t e r ' s fo rmula 
of ani l ine b l a c k . 

° = ( ~ ) = N - / ^N(CH,), 

(VIII) 

Emeraldine a n d pernigrani l ine were prepared by o x i d i s i n g ani l ine 
sulphate i n 2 0 % sulphur ic a c i d solu t ion , b y means of ch romic ac id . The 
samples were pur i f i ed b y bo i l i ng w i t h ch loroform, washed w i t h a lcohol , 
then water ; next , bo i l i ng w i t h 1 0 % su lphur ic a c i d a n d f i na l l y washed 
w i t h water , aqueous ammon ia , a n d water . 

Ungreenable ani l ine b lack was prepared accord ing to Green [4], by 
ox id i s ing pernigrani l ine w i t h chromic a c i d i n presence of anibne. 

A n i l i n o q u i n o n e a n d d ian i l inoquinone were prepared accord ing to 
S u i d a [11]. Phenaz ine a n d saphranine were commerc ia l grade products 
pur i f ied b y c rys ta l l i sa t ion f rom the appropr ia te solvents. Pheno l blue 
was prepared b y condensat ion of p - n i t r o s o d i m e t h y l a n i l i n e w i t h phenol . 
I t was isolated a n d pur i f ied i n the f o r m of a complex salt w i t h z inc 
chlor ide. 

T h e results of spectrophotometr ic analysis are col lected i n T a b l e I 
a n d on diagrams, F i g s . 1-8. T o ca lcula te the e x t i n c t i o n coefficients of 
emeraldine and pern igran i l ine the molecu la r we 'ghts were t aken accor­
d i n g to the formulae of W i l l s t a t t e r . I n the case of "ungreenab le" 
black — the molecu la r weight a cco rd ing to Green . 
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Fig. 4 
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There is evident s imi la r i ty between the spectra of emeraldine and 
ani l ine b lack (pernigranil ine and ungreenable black) on the one side, 
and d iani l inoquinone on the other. O n the other hand , a clear difference 
exists between the spectra of emeraldine or ani l ine b lack and phenaziuo 
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or saphranine. A l s o the spect rum of phenol blue differs ve ry much from 
the spect rum of emeraldine and ani l ine b lack. 

This would suggest tha t emeraldine, n igrani lme, pernigrani l ine and 
ungreenable anil ine black may a l l possess a s t ructure s imi la r to that 
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of d iani l inoquinone . The p - qu inoneiminine structure of Wi l l s t a t t e r , or 
the phenazine structure g iven b y Buchere r and Green cannot be con­
f i rmed b y the absorpt ion spectra of emeraldine and ani l ine b lack . 

O n the basis of p re l imina ry ana ly t i ca l da ta obta ined for pur i f ied 
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pernigrani l ine, prepared by ox ida t ion of ani l ine sulphate w i t h chromic 
ac id , a re la t ive ly h igh oxygen content should be admi t t ed . 

One sample of ani l ine b lack gave an empi r i ca l fo rmula near to 
C 8 „ H 2 0 O 6 N 4 . 
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T A B L E I 

Colour of Absorption curve 

No. 
of curve 

Substance the solution 
in sulphuric 

acid 

max. min. No. 
of curve 

the solution 
in sulphuric 

acid m/Li logfi m/i loge 

300 3.83 245 3.72 

1 Emeraldine magenta 510 3.83 370 
570 

3.50 
1.78 

2 
Aniline black 

(pernigraniliue) bluish-green 
290 
520 
670 

3.52 
3.41 
3.50 

275 
375 
740 

3.51 
3.23 
3.48 

:t 
Aniline black 
(ungreenable) red *) 

300 
500—510 

4.00 
3.94 

340 
370 

3.86 
3.72 

312 3.63 345 3.48 

4 Anilinoquinonc blue (405) **) (3.67) (365)**) (3.47) 
590 4.23 425 3.61 

5 Dianilinoquinone red 
308 
520 

3.89 
4.23 

270 
345 

3.68 
3.61 

260 4.74 240 3.75 

t; Pheuazine orange-red 418 4.42 318 2.00 
500—510 3.09 450 2.99 

240 4.28 220 4.13 

7 Saphranine greeu 
300 
420 

4.50 
4.05 

264 
344 

3.90 
3.20 

640 3.84 510 2.95 

300 4.15 350 3.90 
8 Phenol blue orange 415 

650 
4.13 
1.18 

585 1.08 

A n a l y s i s : 

C 3 0 n 2 0 O 8 N 4 required - 6 7 . 7 ° / 0 C , 3 . 7 ° / 0 H , 1 0 . 5 ° / 0 N 
found - 6 7 . 9 % C, 4 . 4 % H , 1 0 . 9 % N , 0 . 1 % C r . 

W e do not a t tempt , for the t ime being, to suggest any definite struc­
ture of aniUne black, but a s tructure i n p r inc ip l e s imi la r to (A) appears 
to be probable . 

*) The solution contained a considerable quantity of undissolved suspended 
particles. 

**) A bend, without a definite maximum. 
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F u r t h e r experiments are be ing carr ied out . The results, w h i c h i n ­
clude infra-red absorp t ion spectra of emeraldine, ani l ine b lack , an i l ino-
quinones, a n d phenazine as w e l l as a n a l y t i c a l da ta w i l l be repor ted i n 
due course. 

The authors are m u c h indebted to D . Ciecierska a n d K . Gorezyr i ska , 
for c a r ry ing out experiments on u l t rav io le t absorpt ion spectra. O u r 
thanks are also due to W . D a n i e w s k i j r . and M . W i t a n o w s k i for prepa­
r i n g a sample of phenol blue. 
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