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INTRODUCTEON 

Chemically solubilized vat dyes, “Indigosols”‘, are soluble detivatives of v& dyes_ 
These solubilized dyes are sodium salts ,of sulphuric esters of tie ~SKKD form (( > C- 
OSO,Na) of the vat dye. The reaction: 

-co- - -C(OH)= + .~qo~qp&Q~ 

for the preparation of these, sulphuric ,ester :salts iof the &SWX oompeunds ru.my# &n 
principle, be applied to all ,anthraquinoid and indlgoid vat dyes, 

Indigosols are very readily soluble in water. They are tiansformed tto ZWL Sn.sol- 
uble form by oxidation in acid medium. During the process oY otidlation i&e su@lhunric 
esters of the leuco vat dyes are first hydrolysed, and &en oxii~ U.o tie orf,@r& 
parent dye. For example in the case of Indigosol Yellow V: 

6S0,Na EiTo 

Up till now little information has been published on the &~oma~ogrzuphy vnf tid&~ 
SOIS. RUGGLI AND ST&JBLE~ chromatographed these dyes on a o&um.un of L&O, or 
CaCO,. In our previous work293 indigosols were &.rmnatqg-aptned mu paper by zmams 
of the ascending technique employing Whatman No. I paper and au a~~~uneouns py- 
ridine solution as solvent. MATRKA, NAVZL~TIL AND FLLLIPIQ employed pape!r cb.rormu@g- 
raphy to identify the dispersing and stabilizing ;agen&s present iin tid@osolls @- 
dimethylaminobenzenesulphonic acid, glucose., molasses, urea’. IRecentiy ithe JXQNZ 
chromatography of indigosols has been ~described b,y KQLWEL, &%UUUUZ SNHD I?DZHW_& 
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tvkol applied the ascending technique on SS 2043 b 
systems : butan-I-ol-acetic acid-water (4: I : 5) 
f$:H:I)l* 

paper with the following solvent 
and butan-I-ol-pyridine-water 

In our institute paper chromatography of indigosols is performed by means of 
the descending technique, using as solvent system either methanolic ammonia 
soh&.ion, or a mixture of pyridine, isoamyl alcohol and ammonia, or a mixture of 
methanol and acetic acid. These solvent systems have also been used in centrifugal 
chromatography~. 

EXPERIMENTAL 

\\%atman No’. I paper was used, the size of the chromatograms being 160 x 470 mm 
wi~t?h a running length of 400 mm. Spots of freshly prepared I O/~ aqueous solutions of 
the dyes. were applied on the start in 0.05 mg quantities by means of a micropipette. 
The chromatograrns were developed at a temperature of 20-22 O. 

l%e following solvent systems were used: 

S, = ammonia (25 %)-methanol-water (I : z : 3), 
55, = pyridine-isoarnyl alcohol-ammonia (25 Yo) (1.3 : I : I), 

S3 = methanol-acetic acid-water (4 : I : I). 

mtc~ R" values with the S, system are dependent on the chemical structure of the 
dyes and on their functional groups and substituents. The S, system gives excellent 
separations~ suitable for estimating the purity and identity of the indigosols. The 
aek&ion! between the,& value and the chemical structure of the dyes is, however, not 
as olkious as with the S, system. S3 is suitable for some dyes only, 

Acid solvent systems, although they find application for indigosolss, are not 
sr.m.itable on account of the fact that during development of the chromatograms with 
acid! systems a gradual hydrolysis of the sulphuric ester of the leuco dye takes place 
under formation of the monoester, which is in itself an inhibitor of oxidation. 

The partially hydrolysed dye is exceedingly prone to autoosidation. In the course 
of I$w development of the chromatogram, autooxidation of the dye by atmospheric 
osygen occurs under formation of serniquinone derivatives, 

Alkaline systems preclude the possibility of autooxidation. 

Tlhb tvais carried out with the pressureless apparatus with central spot development 
d!eseri%ecl previously by PAVL~CEK, ROSMUS AND DEYL~+. 

Tlk chromatograms were cut from Whatman No. 3 paper and the separation was 
performed during 45 min at 600 r.p.m. The chromatograms were always developed 
with the same solvent system that was used for the descending technique. 

With a few exceptions, the colour of indigosols is very faint, thus making detec- 
tiionu of the chromatograms necessary. This can be performed by spraying the chro- 
rr~~~tograrn with a warm (40~) solution of NaNO, (2 o/o) in z o/o hydrochloric acid. 
Orn spraying,. immediate coloration of the dyes occurs, due to. the oxidizing action 
of the reagent. It is also possible to utilize the high sensitivity of indigosols to autooxi- 
d!ation for detection purposes. The dried chromatograms are exposed to ultra-violet 
radiation and coloration of the dye will follow immediately. 

J. Chromalog., 12 (1~63) 453-463 
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TABLE I 

CHROMATOGRAPHIC SEPARATION OP SOLUBILIZED VAT DYES 

56opG Anthrasol Yellow 
I-ICG 

59051 Anthrasol Green 

I3G 

5gIor Anthrasol Yellow 
IGK 

59 106 Tinosol Golden 
Yellow RI< 

,5g3or Cibsntine Brilliant 
0raxq.p RI< 

35316 Indigosol Red 
Violet IRRL 

59706 Indigosol Golden 
Orange IZ R 

Brominated CI 5gIor 

0.70 Y 0.43 Y 0.83 Y 
0.76 Y 0.5s Y o.SG GY 
o.sz Y 0.65 GY - 
0.90 Y o.sg Y+ - 

0.00 G 
0.55 G 
0.57 G+ 

0.~0 G 
0.60 G 
o&5 G 

0.00 G 
0.55 G 
0.62 G 
0.72 G 

0.00 Y 
0.16 Y 
0.32 Y 

o-47 Y 
0.53 Y 
0.58 Y 
0.80 Y+ 

0.57 Y 
0.80 Y+ 
- 

0.52 0 

0..+1 v 

0.52 Y 
- 
- 
- 

0.00 Y 
0.31 Y 
OS7 Y+ 

0,42 0 

0.35 v 

0.26 0 
- 
- 

0.50 0 

060 0 

0.65 0 
- 

0.00 Y 
0.26 Y 
0.4G Y 

0.57 0 

0.57 v 

0.00 0 
0.07 0 
0.32 0 
0.40 0 

J. Chronzalog., IZ (1963) 453-463 
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TABLE I (continued) 

Colmtr 
in&s 

NO. 

Solubilizrd fornr of Ike parent dye 
Rp valrtcs and colour*’ 

SI SD & .‘Z 

597 I I Indigos01 Orange 
ISR 

39826 Cibantine Brilliant 
Green BF 

5983 I Anthrasol Green IGG 

Goor I Indigos01 Brilliant 
Violet 14R 

60531 Tinosol Yellow V 

G I726 Indigosol Yellow 
2GB 

GgoIG Soledon Brown R 

oy-)-(-)-&~ 

c-cp-b - 
CH,b dCH, 

- 

I 
(W, 

CH,C; dCH, I 

o+o”“(> 

c v / I -- \/ 
0 

- 
,/,T qoc I) 

( > - 
c \(‘1 1.’ 

CO-HN 0 
- > 

I 0 - o- CO-HN - NH-k-(--) 
I 

- 

0.21 0 
- 
- 

0.00 G 
0.03 G 
0.10 G+ 

- 

0.00 G 

0.37 G 
0.53 G 
0.65 G’ 
0.75 G’ 

0.00 G 0.00 G 
0.02 G 0.10 B 
0.05 G 0.17 B 
0.38 B+ 0.27 B+ 
0.50 B+ 0.36 Gf 
0.60 B+ 0.58 G 

0.07 v 
- 
- 

0.00 v 
0.38 V+ 
0.41 O-t- 
0.46 V+ 
0.57 V 

0.00 Y 0.55 Y 0.00 Y 
o.G2 Y 0.85 Y 0.80 Y 

0.00 Y 0.00 Y+ 0.00 Y 
0.85 Y 0.5G Y 0.72 Y+ 
- 0.78 Y+ 0.85 Y 
- o.SG Y-l- - 

0.00 Br 
0.17 Br+ 
0.62 Br+ 
0.85 Br 

0.00 Br+ 
0.33 Br 
0.40 Br+ 
0.63 Br+ 

0.00 Br 
0.73 l3r 
- 
- 

0.31 0 
0.63 0 
- 

0.00 0 
0.26 0 
0.35 0 

0.00 G 
0011 G 
0.27 G 

- 

0.00 G 
0.02 G 
0.07 G 

0.35 B 
- 
- 

0.00 v 
0.06 V 
0.18 V 
0.28 V 

(corllirt:rcJ ou #A 45 

J* Clwomatog., 12 (1963) 453-463 
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TABLE I (contimed) 

Solubilized form of Ike parent dvc 

Gg5oI Indigosol Olive 
Green II3 

Gg8zG Cibantin Blue CF 

1. 

70801 Cibantin Brown l3R 

73031 Indigos01 Violet AZB 

73056 Indigosol OR 

73oGG Indigosol O4B 

1 73076 Indigos01 OGB 

P 
‘%!%, 

e 0 
II 

Cl L/C. 
f I c=c+~]cl 
'g'N' 

H H 

0 0 u Ii 
/‘../\ Br 

’ c=c ’ I 
'N'V 

H H 

0 
II 

Br ,/\Ac. 
u 

AC./\ Br 

c=c 
‘N’ ‘N A /’ 

Br I-I II IBr 

Br 

0.00 OG 
0.30 OG 
- 
- 
- 

0.00 Gr+ 0.00 OG 
0.02 OG’ 0.08 OG 
0.41 OG - 

0.46 OG - 

0.50 OG - 

0.67 I3 0.07 B 0.03 B 
- 0.13 B 0.10 B 
- 0.26 B 0.18 B+ 

0.00 Br 
0.07 Br 
o.rG Br 
0.25 Br 
- 

0.02 Br 
o.oG Br 
0.10 Br 
0.20 Br 
0.31 l3r 

0.00 Br 
0.03 Br 
0.51 Y* 
- 

o-33 V 0.37 Y’ 

o-53 V 

0.70 v 

0.27 B 
0.32 B+ 
0.42 B 
0.5s B 

0.27 13 
0.55 v+ 

0.22 B 
- 
- 

0.40 Y+ 

0.47 B 
0.52 23 
0.58 B 

O.GI B 
0.71 B 
0.7s u+ 
- 

0.41 Y 0.72 13 
0.58 B 0.78 Y+ 

0.43 B+ 
o.Go B 
0.78 Y+ 

0.65 13 
0.71 B 

(conlimed on p. ~58) 

J. Clwontatog.. 12 (1963) 453~--(G3 
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TABLE I (continued) 

COlOW 
index 
No. 

Comnevcial wam* Solubilircd form ojtkc $avcnt dye 
Rp values and calour** 

SI ss l % 
*.I 
a 

I 
7333G Indigosol Orange HR 0.00 o+ 

0.55 0 
- 
- 

0.43 Y’ 
0.52 0 
- 
- 

0.00 0 
0.46 0 
0.58 0 
0.75 0 

0.45 s+ 
0.5G s 
0.65 s 
0.87 u+ 

0.00 P+ 
0.70 P 

0.00 SC 0.00’S 
0.37 Y-c 0.76 s 
0.52 S - 
0.61 S - 

0.00 P 
0.61 P 

0.00 P 
0.72 P 

0.00 I?+ 
0.70 I’ 

- 

0.00 I? 0.00 I? 
0.41 Y+ 0.82 l? 
0.G2 I? - 

0.36 v 
0.55 V 
- 
- 

o-57 V 

- 
- 

0.27 V 
0.38 v 
0.66 V 
0.75 V 

0.00 Br+ 0.00 Brc 0.00 I%+ 
0.48 Br 0.41 Br+ 0.71 Br 
- 0.56 l3r - 

0.00 B-k 0.00 B+ 0.00 B+ 
0.22 B 0.35 Y+ 0.57 B 
- 0.4G v - 
- 0.56 I3 - 

0.00 ve 
0.41 v 
- 

0.00 V’ 
0.4s v 
0.5G v+ 

0.41 Y-k 
O.GI v 

0.g v 
- 
- 

0.00 v 
0.70 v 
0.80 u’+ 

0.00 v 
0.75 v 
- 

4% 
,k! 

73356 Indigos01 Scarlet II3 

7336x Anthrasol Pinlc IR 0 0 
HL,t ,;, ce3 

clJ~,s:c=c_S,~,~cl 

73366 Indigosol Brilliant 
Pink 13B 

73386 An;grl Red Violet 

7341 I Anthrasol Brown 
IRRD 

73421 Indigosol HI3 

73596 Anthrasol Printing 
Viol& BBF A 

C 0 ‘SO c1 

Cl Cl 
CI 

73Gox Anthrasol Printing 
Violet IRR 

0 
II :: CH, 

C. 
< CL;; Y 

ANN0 i- ,kI 
c1 H 

Cl 

-1 
(coMirwed 011 p. 45) 

J. Chrorualog., 12 (1963) 453-463 
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,, ‘-. 
,:. ‘Colnur 
W idea 
+ No. _’ 
_:’ I 

Coinorcrcial rrawe’ 

TABLE I (canlinzced) 

Solubilitcd fohn of the jtavenl dye 
Rpvt~luesa~~dcolt~~~* : 

Sl -% : s3 

:’ 
‘, 

.’ 73671 !. (. 

;, 73801 
,,. :,., 
:,- 
,,‘I’. 
‘.:.;, 
i. _, ‘, 
.‘,::.. :;:. 
:a.‘73821 1;,, 
d,, j’ .:, 
i’ -:’ 
: j. 
: 
,‘,. ’ : 

‘,, 
7383 1 

Cibsntinc Grcy BL 

Anthrasol Blue AGG 

Indigosol AZG 

Anthrasol Printing 
Black IB 

Cl H OCII, 

0.00 Gr 
0.27 Gr 
0.30 T 

0.67 I3 0.57 B 0.80 B 

0.00 l3+ 
0945 B 
- 

0.00 Bl+ 
0.28 Bl 
- 

0.56 Gr 0.00 Gr 
- 0.61 Gr 
- 0.77ju+. 

0.43 Y+ 0.00 B 
0.58 0.70 B ‘, 
- 0.72 B 

0.55 Bl’ o,oo Bl 
- 0.~42 Bl 
- 0.51 Bl 

* Dye manufacturers names : Anthrasol : Farbwerlte Hocchst A.G., Frankfurt/Main-Hocchst, Germany ; 
Cibantine : Ciba Ltd., Basle, Switzerland; Indigosol : Durand & Huguenin S.A., Basle, Switzerland ; Soledon : 
Imperial Chemical Industries Ltd., Dyestuffs Division, Manchester, England; Tinosol: J. R. Geigy S.A., 
Basle, Switzerland. 

* * Solvents : S, = 25 o/o ammonia-methanol-water (I : 2 : 3) ; Se = Pyridine-isoamyl alcohol-25 y. ammonia 
(I .3 : I : I) : S, = Methanol-acetic acid-water (4 : I : I). 

Abbreviations : R = blue ; Bl = black ; Br = brown: G = green; Gr = grey ; 0 = orange; OG = olive; 
1 I? = pink; S = scarlet; T = turquoise; V = violet; Y = yellow ; + = spot hardly visible 

RESULTS AND DISCUSSIOX 

Some 160 commercial brands of indigosols were analysed by means of the descending 
chromatographic technique described above. Chromatographically interesting dyes 
were also chromatographed centrifugally in order to compare the separations achieved 
with the two techniques. The results of the descending chromatographic technique 
are shown in Table I. This table contains most of the important dyes of known con- 
stitution. 

Figs. I, z and 3 illustrate the chromatographic separation of artificially prepared 
misturcs of indigosols. 

A comparison of the descending and centrifugal chromatograms shows that there 
is good agreement in the separating power of the two techniques. The sequence of the 
dyes is identical in the two cases. The chromatograms were developed with the solvent 
system S,. 

J. Chromatog.. 12 (1963) 453-463 
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“‘f.,, 
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Cl LA\& 0 

3. I I 

/-- 
> 

./‘(‘,-NH __, 
NH-J,,,,. _( 

-\ 

\- I I 
&L--+~ 

‘. -(--)__(-)_(-)__40 _I . 

-&-( --)-(I>>I) J w)2 
Fig. I. Example of a chromatrraraphic separation of a mixture of solubilized vat dyes. A. De- 
sccnding technique. B. Centrifugal technique. I = Indigosol Brilliant Violet 14 R ; 2 = Anthrasol 
Yellow 1GIi; 3 = Anthrasol Green x3G; 4 = Anthrasol Yellow HCG; S = mixture of 1,2,3 and 4. 

1% 

J. Clrromatog., 12 (15~53) 453-463 
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i/\(\/’ 
CO.HN 0 

i,. _i,, .,..I ‘. ‘:. 
;,,, !‘.’ 
: :. )._ ,..I 
: ‘.,’ ., ,., 
.“. “:, .‘;,,. i ,,i 2. ;_ ,,:_‘:” 
1.‘. :‘,, < 
f, ~ ;, . . _’ -, ‘. 
! i’ .: ,. 

,. . .,I , 
1 .A’ ‘. ,,i ., ,i 

I 2 3 S 

A 

1. 

Fig. 2. Example of a chromatographic separation of a mixture of solubilized vat dyes. A. DC- 
scencling technique. B. Centrifugal technique. I = Indigosol Golden Yellow lGIC; z = Tinosol 

Yellow v; 3 = Indigosol Yellow z GB : S = mixture of I, z and 3. 

J. Chvomatog,, 12 (x963) 453-4G3 
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3. 
1% 7 ? CH 

= ,LC. /C 

cl/j,~s/c=c.sI,,.~l 
I 

Fig. 3. Example of a chromatographic separation of a mixture of solubilized vat dyes. A. De- 
scending technique. B. Centrifugal technique. I = Indigosol 0613 : 2 = Indigosol Orange HR; 

3 5: Anthrasol Pink IR ; S = mixture of I, 2 and 3. 

J. Cltv?matog., 12 (rgG3) 453-403 
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With solvent system S,, the following relationships were established between the 
chromatographic behaviour of the solubilized vat dyes and their chemical structure : 

(I) In all instances it is obvious that the chromatographic behaviour of the vat 
dyes (parent dyes) is analogous, the size of the dye molecule being of decisive in- 
fluence. Dyes with a simple structure possess the highest Rp value, and this decreases 
with increasing size of the molecule as a result of increasing dye adsorption. 

(2) Simpler indigoid, thioindigoid and arylaminoquinone dyes have a higher Xp 
than the more complex anthraquinone dyes. 

(3) Thioindigoid dyes have a higher Rp than indolethionaphthene dyes and 
miscellaneous dyes. 

(4) Symmetrical indigoid dyes usually have a higher Rp than asymmetrical dyes. 
(5) Dibenzanthrones have a higher RF value than isodibenzanthrones. 
(6) In the case of dyes with the same carbon skeleton, an increase in the number 

of substituents, e.g. -Cl, -Br, -CH,, -OCH,, causes the Rp value to decrease. 
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SUMMARY 

Solubilized vat dyes were separated by paper chromatography, using a methanolic 
solution of ammonia as solvent system. A system containing pyridine, isoamyl 
alcohol and ammonia, as well as a mixture of methanol and acetic acid were also used. 
Both descending and centrifugal chromatography were employed. The relation 
between dye constitution and chromatographic behaviour has been examined. 
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