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CHROM. 5813 

Identification of organic compounds 

LXXVII*. Paper and thin-layer chromatography of azo pigments 

Organic pigments used for dyeing rubber, plastics, printing inks, lacquers and 
paints are mainly azo dyes, derivatives of anthraquinone, phthalocyanines or vat dyes. 
All are practically insoluble in water and only some of them are soluble in high 
boiling organic solvents at elevated temperatures. This might have caused some cliffi- 
culties in connection with the application of chromatographic methods to their sepa- 
ration. Only a few authors have tried to use paper (PC) and thin-layer chromatography 
(%LC)l-4. In our laboratory, the scope and limitations of PC andTLC for the separation 
and identification of azo pigments were investigated and the results are suxnma- 
rized in this paper. 

Exfierintental 
Thidayer chrowatografihy. All experiments ‘were carried out on commercially 

available silica gel sheets: Silufol (Icavalier, Czechoslovakia), &IN-Polygram Sil 
G-254 UV (Macherey, Nagel and Co., Dtiren, G.F.R.) and DC-Alufolien Kieselgel 
(Merck, Darmstadt, G.F,R.). There was no difference in the accuracy of the results 
obtained with these three materia1.s. . 

Pigments were applied in the form of saturated solutions in warm dimethyl- 
formamide. After application, the spots were dried with a stream of warm air from a 
hair dryer for 30 min. Renzene and toluene were used as mobile phases. 

Pa$er chromntogYa$dzy. Whatman No. 3 paper was used. 
Azo lakes were applied in the form of saturated solutions in warm dimethyl- 

formamide or in aqueous pyridine after boiling for several minutes. The spots were 
dried in a stream of warm air. The following mobile phases were used: I-propanol- 
ammoiiia (2 : I) and I-propanol-92-butyl acetate-ammonia (2 : I : I). 

Results and discamiou 
From the point of view of their chemical structures, azo pigments belong to one 

of the following groups: 

Pigments containing acetoacetarylamides. 
Pigments containing 2-naphthol. 
Pyrazolonc azo dyes. 
Pigments containing arylamides of 2-hydroxy-3-naphthoic acid. 
Lakes of azo dyes contating carboxy and/or sulpha groups. 

Our preliminary experiments have shown that each of the groups under consid- 
eration should be approached separately. It has also been found that the choice of an 
appropriate solvent for application of the pigments to the starting points of the chro- 
matograms is a very important problem common to all these groups of azo pigments. 
Dimethylformamide was found to be a suitable solvent. The solutions of pigments 
prepared at elevated temperatures were so strongly coloured that only small volumes 
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TABLE I 

l?fi* VALUES OF YELLOW AZ0 PIGMENTS 

TLC on Silufol sheets: mobile phnsc: bcnzcnc. 

COlOUY 

index No. 
RIP values 

- -- 

OCH, CO-CH, 

NO2 0 -a- N-N-&-NH@ 

N=N-CH-CO-NH 0 
-0 

No2 FW3 
Cl -6 0 NeN-CH-CO-NH 

Cl 

0.17 

Cl 7o-c”3 
‘+, N=N-CH-CO-NH 

11680 0.24 

JIG60 0.2cJ 

11670 0.2G 

11710 0.4j “” 

cl 0 

-8 0 

0.38 

0.Gg 

&J VALUES OF SUBSTITUTED R~NZ~N~h%OhCETOhCI~‘~hNILIl~~S 

TLC on Silufol sheets; mobile phase : ber~zcnc. 

x 

Pigment Substituer1ts 

x Y 

I H 0.38 

Iif 
H o-35 

IV 
CH, I-1 0.43 
I-I Cl O*# 

V Cl I-I . 0.46 

v;i 

I-I OCH, 0.22 

OCH, I-1 0.29 
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could be applied to the chromatograms. Boiling in aqueous pyridine was another 
suitable method for the preparation of solutions of some of the lakes. 

The application of these solutions to the chromatogram,s must be carried out 
with great care. In particular, the drying of the starting poink after the application 
of the solutions is of great importance because the dimethylformamide remaining on 
the starting points could have an unfavourable influence on the migration and the 
shapes of the pigment spots that have lower Rp values. Fig. L represents a chromato- 
gram on which the same volumes of a solution of a brown pigment (Permanent 
Brown FH) were applied. to the three starting points. First the solution was applied 
to point I and the spot was dried in a stream of warm air for 40 min. Then the solution 
was applied to point z and drying of this spot limited to only 5 min. Finally, the 
solution was applied to point 3 and, without further drying, the chromatogram was 
immediately developed with benzene. The influence of climethylformamide on the 
starting points is evident. 

(I) Pigments cantai&ng ncetoacetarylamides. This group of pigments includes 
monoazo dyes, a typical example of which is Hansa Yellow G: 

and disazo dyes derived from 3,3’-dichlorobenzidine, e.g., Permanent Yellow GR: 

Monoazo dyes of this series can be dissolved in wcarm dimetl~ylformamide. The 
solutions formed are so strongly coloured that it is possible to apply small volumes 
to the chromatogram. Benzene or toluene can be used as the mobile phase. Sometimes, 
multiple development with the same mobile phase is advantageous. In Table I, the &7 
values of some commercially used pigments are summarized. 

We also chromatographed a series of model compounds involving unsubstituted 
benzeneazoacetoacetanilide and its derivatives containing methyl, chloro, methoxy 
and nitro groups in different positions on the active or passive coupling component, in 
order to study the relations between the chromatographic behaviour. of these com- 
pounds and their chemical structures. We found that the methyl group in any posi- 
tion and chlorine in the $-position of the active component have only a smcall effect. 
A considerable increase in the &? values is caused by chlorine in the o-position of both 
coupling components, while the introduction of methoxy and nitro groups results in a 
considerable decrease in Rp values. The different influence of the same substituent 
when present in the active or passive coupling component is shown in Table II. 

Disazo dyes derived from chlorinated benzidine are only slightly soluble in di- 
methylformamide. If it is possible to apply them to the starting point, they have lower 
RF values. Some of them do not migrate under the experimental conditions used. 

(2) Pigments containing z-nafihthol. These dyes are derivatives of benzeneazo-2- 
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Fig. 1. Chromatogrnn~ of Permanent l3rom~n I;(; applictl in clin~cth~lforman~iclc solution on Silufol 
sheet; mobile phase: bcnzcnc. I = Dried for 40 min after npplicatron; 2 = clricd for 5 min nftcr 
spplicrztion; 3 = without drying. For cxplnnation, SW test. 

Fig. 2, Chronmtograrn of substituted bcnzcneazo-a-ncll’hthols in climcthylforman~i~l~ solution on 
Silufol sheet; mobile phase: bcnzcnc. I = Sudan I (l:cnzcncazo-2-nal~htllol); 2 = CT 12075 (2,4.- 
clinitrobenzencazo-2-naphthol) ; 3 = CI I 2 120 (2-nitro-~~-mcthylb~n2c~~~~~o-2-~~~~~~l~tl~ol); 4 = 
CI 12085 (2-chloro-d,-nitrobenzcnmzo-2-naphthol). 

Y 

naphthol, the active coupling component of which is substituted by one or two nitro, 
chloro or methyl groups, e.g., Hansa Orange RN: 

These dyes are sufficiently soluble in dimethylformamide and benzene or 
toluene can be used as the mobile phase for their chromatographic separation. A typi- 
cal chromatogram is shown in Fig. 2. 

(3) Pyrazologteazo ~Zyes. Monoazo dyes of this group are very soluble in dimethyl- 
formamide. When benzene or toluene is used as the mobile phase, chromatograms 
with well formed spots are obtained. Permanent Orange G is a disazo pigment of this 
type and can be chromatographed as well as the monoazo dyes (Fig. 3). 

(4) Pig~ne?als co~zlailti?26)ar3)la?i~idss of 2-kyrlro,lcy-3-nn~~~~~ao~c acid. A typical 
example of this group is Permanent Red FRR: 

Cl HO CO-NW 0 
-0 

0 N=N 0 

o-E3 
Cl 0 

If these pigments are soluble in warm dimethylformamide and can be applied 
to the chromatogram, good chromatograms are obtained using benzene or toluene as 
the mobile phase and multiple development when necessary. In comparison with the 
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l?ig:. 3. Chrornntogrsm of nzo clcrivativcs of r-phcnyl-3-mcthyl-5-pyr~~~olot~c in climethylformn- 
rnitlc solution on Silufol. sheet; mobile phase : I.mizcnc. I = C.1 I2705 (2-chlorobcnzcncazo clcriva- 
tive) ; 2 = CI x2720 (2-mcthylbcnzcnc~Lz0 tlcrivativc) ; 3 = CI. x2710 (2,5-clichlorobcnzellcazo 
rldw~tivc) ; ‘1 = CI. 72730 (2-vitro-.~-nlothylbcnzcncazo clcrivativc) ; 5 = unsubstitutccl bcnzenc- 
;LZO clcrivativc; G :‘= Cl: 2 I I IO, Pcrmwcnt Orange G (3,3’-tiichlorobcnziditlc dcrivutivc), 

Pig. 4. Chronwto~ranl of model a20 dyes of groups r-4 on Silul’ol sheet; mobile phnsc: bcnzcnc. 
I = 13c~l~cl~cazoncctoi~c~t~~~liliC1C (Group (I) ) ; 2 ‘== I~~~~~~~~c~~~o-2-~~iLphtlltl~ol (Group (2) ) ; 3 = 
lmmcncazo- T -l’hcnyl-3-methyl-S-pyr~L~oloilc (Group (3) ) ; 4 = bcrizcneszo-~-hydrosy-3-nnXlhth- 
ixnilicle (Group(4) ) ; 5 y--7: I~cnzcncazo-2-Ilyclrosy-3-nnphthoic acid (Group (‘1) ). 

preceding groups of pigments, these pigments have lower RF values. If a further 
amide group is present in the molecule, the compounds remain at the start. 

For comparison of the migration of pigments belonging to groups (I)-(4)) model 
compounds were prepared from diazotised aniline and the corresponding passive 
coupling components and chromatographed on Silufol sheets as described above. 
The behaviour of these compounds is evident from Fig* 4, 

(5) Lakes. Yellow, orange and red pigments of this group contain one carboxy 
and/or one sulpl~o group. Furthermore, they contain soclium, barium, calcium, manga- 
n&e, ect. A typical example is Graphtol Red RMT: 

These pigments can be clissolvecl in dimetl~ylforman~ide, and in some cases 
solutiQns can be prepared by boiling the pigment with aqueous pyridine. Under the 
conditions suitable for the TLC separation of the preceding groups of pigments, lakes 
do not migrate at all. LMobile phases such as qz-butyl acetate-acetic acid-water 
(4:z.s: I) or I-propanol-ammonia (2: I) are suitable for their separation. With the 
former solvent system, good separations of yellow lakes such as Graphtol Yellow 
GRL-PV, 3 GLN-PV and 3GL-PV are achievecl. Very good results can also be obtained 
by PC using the systems I-propanol-ammonia (2 : I) and r-propanol-gc-butyl acetate- 
ammonia (2 : I : r). The first system is especially suitable for the differentiation of lakes 
with one and two sulpha and/or carboxy groups. 
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To summarize, it is possible to find in each of the five groups of pigments men- 
tioned dyes that can be chromatographed by using the chromatogkaphic procedures 
described. The limiting factor is the solubility of the pigments under investigation in 
warm dimethylformamide, The application of the solutions to the chromatograms 
must be carried out with great care, and the drying of the spots on TLC sheets rep- 
resents the factor that considerably influences the results. The methods described 
have been used for purity control and identification of commercial pigments. 
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