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PAPER CHROMATOGRAPHY OF DYES 

I. PAPER CHROMATOGRAPHY OF DISPERSE DYES* 

Resecwclt Imtitute of Textile Finishing, DvOr Krdlove’ w.L. (Czec?~oslovskin) 

(Received Ma? zznd, 1962) 

The establishment of a suitable chromatographic method for the determination of the 
puritjl and identity of disperse dyes, has aroused interest because ‘of the importance of 
these dyes for the treatment of synthetic fibres. 

INTRODUCTION 

Paper chromatography of disperse dyes was described by a number of authorsl-l”. 
We have studied these method? and found that they are generally not sumciently 
,--_:~..‘_.- .L-_ .J.l.._ _,-_..a,r:,, ,'A? -I-^ A_--l.-.,. -:wrL...e_.-. ,.c Gl:,-,,,,-. Pl,.," ,..,1 .c..s..4.1...-., 
scllslL1vc IUT I.llC 3cspkLliELL.lulI UJ. 1llUlC Gulllplc:" 11L1Al.UlC3 UL u13pclJc uyc3, a.lIU, l.ull..llcI- 

more, that with the majority of metho’ds there is a lack of relation between the 
chemical constitution of the dyes and their chromatographic 6&avibur, this being an 
indispensable requirement for exact analysi’s. Very’shtisfactory results were obtained 
by the method of CASPARICANDTABORSICA 1% 13. The only drziwbacks are the necessity of 
impregnating the chromatography paper with I-bromonaphthalene, a rather time- 
consuming procedure, and the unpleasant odour of this substance. 

While developing our method we found very effective chromatographic separation 
of disperse dyes could be obtained on gnmodified chromatography &per by ,ernploy- 
ing aquedus pyridine solven$ systems. Of thirty brands of ‘chromatography papers, 
Schleicher & Schiill 5893 (blue ribbon) quantitative filter paper proved the 091~ on& 
suitable118 14. 

CHROMATOGRAPHIC TECHNIQUE 
co” 

In the developing of chromatograms, the ascending technique was empldyed. The 
ilis+=lnre frnm d-lip 4-1r-t nf +ht=- rhrnmq+narqm +n d-he P~PP nf d-17~ nsnnpr WZIE in mm ant-l _I”_ ^a__ _a -1-a _a*_ ,..sL- . _a, __I_ __--____ T-up-L., __ _**_ ‘-o- _a. _a._ r-r”’ . . II J’ _^____ _*a_ 

then separation track was 400 mm lqng. Solutions of dyes were applied as spots of ,I y. 

acetone solution by means of a micro pipette in 0.05 mg quantities. Chromatograms 
were developed for 12 hours at 20-22’. 

For disperse azo dyes, the solvent system pyridine-water (I : 3)) and for anthra- 
@none disperse dyes .the solution pyridine-water (I :5) were found suitable. 

The RF values of disperse dyes in pyridine eluent systems depend on the chemical 
structure of the dyes and on the functional groups and substituents. 

Figs. I and 2 show the chromatographic separation of a mixture of disperse a20 
tl;Sitis atid Fig. 3 shows that of a inixture of anthraquinone disperse dyes. 

* This topic was briefly dealt with in the, report entitled “Systematic method of paper chro- 
matography of water-soluble and insoluble dyes” presented at the Conference and Symposium on 
Paper Chromatography ‘(Prague, 196 I). 

J, Chromatog., g (1962) 476-484 
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Fig. I. Example of chromatographic separation of a misturc of disperse azo dyes. 

RESULTS 

We have analysed by the method described some six hundred disperse dyes of various 
commercial names. The results obtained have enabled us to complete some data given 
in the Colour Index16 on analogous disperse dyes of varying trade names. In Table I 
a cpmpilation is made of the results of separation of the more important disperse dyes 
of knowi constitution. In this compilation, the system used in the Colour Index was 
followed. 
\ From the results -shown. in Table I, it .is evident that, in many cases. the ,dyes 

contain secondary components (often isomers) originating in the reaction by .which 

.,. J. Cirromatog., 5) (1962) 476-484 



Fig. 2. Esamplc of chromatographic separation of a mixture of disperse azo dyes. 

they are produced. Anthraquinone blue dyes of more comples chemical constitution 
(more comples substitution) contain the most secondary components. 

The number and character of the secondary components (by-products) ,in’ 
analogous dyes is not always the same. This may be esplained by the varying degree of 
purity of intermediate products,,and the perfection of the method .of manufacture. 1 a 

: ,’ ,. 

COtiCLtiSIONS 
,. ,. 

From the chromatographic behaviour of these ,dyes the’ following conclusions ‘may 
bemade:, .;,.’ ., ,. ‘_. .’ : !$. : 
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I?@. 3. Example of chromatographic separation of a misture of anthraquinone disperse dyes. 

(a) Disazo dyes possess a lower RF value than monoazo dyes. 
’ (b) Substitution of azo- and anthraquinone derivatives entailing a substantial 

influence on molecular weight tends to lower the RF value; 
(c) Anthraquinone dyes, are adsorbed to a lesser degree, therefore possess a higher 

Rp value than azo dyes, nitro dyes; methine derivatives and dyes of the arylamino- 
quinone and aminonaphthalimide group. 

(d) The presence of -NH, and -CH, groups and of halogens decreases the 
RF value of azo dyes as their number increases. 

(e) With arithraquinone dyes, considerable decrease of RF value is caused by 
alkylation and arylation of the amino group in the nucleus. With aminoanthraquinones . 

J. Ciwomatog., 9 (1962) 476-484 



R
E

S
U

L
T

S
 

O
F

 C
H

R
O

B
IA

T
O

G
R

A
P

H
IC

 
S

E
P

A
R

A
T

IO
S

 
O

F
 D

IS
P

E
R

S
E

 
D

Y
E

S
 

io
35

0 
C

el
lit

on
 F

as
t 

Y
el

lo
w

 R
R

 
-1

1o
og

 
C

el
lit

on
 F

as
t 

O
ra

ng
e 

G
R

 

11
02

5 
D

ia
zo

 N
er

o 
M

ic
ro

sc
til

e 
G

 
,
 

1
1
0
3
j
 

C
el

lit
az

ol
 A

Z
N

 

11
08

0 
D

is
pe

rs
al

 F
as

t 
O

ra
ng

e 
A

 
11

10
0 

C
el

lit
on

 F
as

t 
B

ro
w

n 
3R

 
II

I1
0 

D
is

pc
rs

ol
 F

as
t 

Sc
ar

le
t 

B
 

11
11

 
j 

C
el

lit
on

 F
as

t 
R

ub
in

e 
B

 

11
11

s 
A

rt
is

il 
Fa

st
 S

ca
rl

et
 G

P 
11

12
0 

C
ei

lit
on

 R
ed

 V
io

le
t 

R
R

 

c 
11

13
0 

‘D
is

pe
rs

ol
 F

&
t 

R
ed

 R
 

9 ;5
 

3 
II

Ij
O

 
C

ej
lit

on
 F

as
t 

Sc
ar

le
t 

R
 

a 8 ;o
 

II
IS

O
 

C
el

lit
on

 R
ed

 R
 

- G
 

it 
11

19
0 

C
el

lit
on

 F
as

t 
B

ro
lv

n 
5R

 

I:
 

%
 

L
 

if
 

11
19

5 
C

el
lit

on
 V

io
le

t 
R

 
11

20
0 

C
el

lit
on

 D
is

ch
ar

ge
 V

io
le

t 
B

 

p-
A

m
id

op
he

no
l 

--
f r

-c
hl

or
o-

2,
4-

di
ni

tr
ob

en
ze

ne
 

Y
el

lo
w

 
: 

@
itr

oa
ni

lin
e 

+
 a

ni
lin

om
et

ha
ne

su
lp

ho
ni

c 
ac

id
 

D
ul

l 
or

an
ge

 
O

ra
ng

e 
O

ra
ng

e’
 

+N
itr

oa
ni

lin
e 

-f
 N

J-
di

m
et

hy
la

ni
lin

e 
B

ro
w

n 

2-
C

hl
or

o-
4-

ni
tr

oa
ni

lin
e-

, 
&

,X
-d

im
et

hy
la

ni
lin

e 
G

ol
de

n 
ye

llo
w

 
O

ra
ng

e 
B

ro
w

n 
p-

N
itr

oa
ni

lin
e 

--
f d

ip
he

ny
la

m
in

e 
O

ra
ng

e 
2,

6-
D

ic
hl

or
o-

4-
ni

tr
oa

ni
lin

e 
i 

f-
(I

S-
m

et
hy

la
ni

lin
o)

-e
th

an
ol

 
R

ed
di

sh
 o

ra
ng

e 
p-

X
itr

oa
ni

lin
e 

+
 

2+
et

hy
la

ni
lin

o)
-e

th
an

ol
 

Pi
nk

 
Pi

nk
’ 

R
ed

 
‘_

 
Pi

nk
* 

.2
-C

hl
or

o-
4-

ni
tr

oa
ni

lin
e 

+
 2

-(
IV

-e
th

yl
an

ili
no

)-
et

ha
no

l 
Y

el
lo

w
* 

Pi
nk

* 
Y

el
lo

w
* 

Pi
nk

* 
B

or
de

au
x 

Pi
n6

 *
 

fi
-X

itr
oa

ni
lin

e 
+

 3
-(

N
-e

th
yl

an
ili

no
)-

1,
2-

pr
op

an
ed

io
l 

Pi
nk

 
2,

4-
D

iii
tr

oa
ni

lin
e 

+
 2

-(
X

T
-b

ut
yl

an
ili

no
)-

et
ha

no
l 

V
io

le
t 

Pi
nk

* 
, 

V
io

le
t 

Y
el

lo
w

 
p-

N
itr

oa
ni

lin
e 

+
 2

,2
’-

(p
he

ny
lim

in
o)

-d
ie

th
an

oi
 

R
ed

 
Pi

nk
 

Y
el

lo
w

 
2-

N
itr

oa
ni

lin
e 

+
- 2

,2
’-

(w
-c

hl
or

op
he

ny
lim

in
o)

-d
ie

th
an

ol
 

Pi
nk

’ 
Sc

ar
le

t 
Pi

nk
 

p-
N

itr
oa

ni
lin

e 
--

f 2
-(

rj
t-

to
lu

id
in

o)
-e

th
an

ol
 

O
ra

ng
e*

 
Pi

nk
. 

Pi
nk

 
z,

6-
D

ic
hl

or
o-

4-
ni

tr
oa

ni
lin

e 
+

 
2-

(N
-m

et
hg

l-
w

to
lu

id
in

o)
- 

D
ul

l 
y9

lo
w

 
et

ha
no

l 
Pi

nk
 

D
ul

l 
ye

llo
w

 
R

ed
di

sh
 b

ro
w

n 
Pi

nk
 

_2
,4

-D
in

itr
oa

ni
liu

e +
 2

-[
X

-b
ut

yl
-w

to
lu

id
in

o)
-e

th
an

ol
 

V
io

le
t 

2-
B

ro
m

o-
4,

6-
di

ni
tr

oa
ni

lin
e 

+
 

2-
(W

bu
ty

l-
m

-t
ol

ui
di

no
)-

 
et

ha
no

l 
17

io
le

t l 
; 

.:-
 

: 

: 

o-
55

 
0.

00
 

O
.jI

 

0.
87

 
0.

00
 

0.
72

 
0.

00
 

0.
46

 
0.

07
 

o.
j6

 
0.

23
 

0.
28

 

o
-5

9
 

0.
68

 
0.

00
 

0
.
1
2
 

4
 

O
.I

j 
. 

0.
21

 
ir

 
0.

40
 

o-
53

 
B

 
0.

65
 

is
 

0.
03

. 
0
.1

6
 

0.
30

 
0.

81
 

0.
6s

 
0.

80
 

0.
82

 
0.

56
 

0.
76

 
0.

82
 

0
.
h
 

o-
45

 
0.

69
 

0.
00

 
0
.1

6
 

0.
23

 
0.

41
 

o-
53

 
0.

24
 

o.
ri

 



11
20

~ 
2 

C
cl

lit
on

 D
is

ch
ar

ge
 B

lu
e 

3R
 

C
el

lit
on

’F
as

t 
R

ed
 G

G
 

I-
B

ro
m

o-
+d

in
&

ro
an

ili
ne

 
--

f 
‘a

ni
si

di
no

)-
et

ha
no

l 
2-

(N
-b

ut
yl

-~
-m

et
hy

l-
o-

 

fi
-N

itr
oa

ni
lin

e 
+

 2
,2

’-
-(

8l
z-

to
ly

lim
in

o)
-d

ie
th

an
ol

 

2-
C

hl
or

o-
4-

ni
tr

oa
ni

lin
e 

--
f 2

,2
’-

(w
-t

ol
yl

im
in

o)
-d

ie
th

an
ol

 
@

V
itr

o-
o-

an
is

id
in

e 
+

 2
,2

’+
-t

ol
yl

im
in

o)
-d

ie
th

an
ol

 . 

B
lu

e 
Pi

nk
 

R
ed

 
O

ra
ng

e 
C

ri
m

so
n 

B
ro

w
n 

B
ro

w
n 

Pi
nk

 
Pi

nk
 

Pi
nk

 
Sc

ar
le

t 
Pi

nk
 

Sc
ar

le
t 

Pi
nk

 
Pi

nk
 

B
ro

w
n 

D
ul

l 
ye

llo
w

* 
D

ul
l 

ye
llo

w
 

R
ed

di
sh

 b
ro

w
n 

R
ed

di
sh

 b
ro

w
n 

B
ro

w
n 

D
ul

l 
br

ow
n 
l
 

B
lu

is
h 

gr
ee

n 

g 
.‘;

 

:_
 

“.
 

0.
07

 

O
.
j
S
 

O
-7

5 
o.

S6
 

0.
61

 
0.

78
 

O
_
S
j
 

0.
63

 
0.

07
 

o-
37

 
0
.
5
0
 

0
.
7
0
 

O
-7

5 
0.

86
 

0.
31

 
0.

00
 

0.
67

 
E

 
o-

79
 

0.
00

 
$ 

0
.
j
2
 

F
 

o-
77

 
z 

0.
M

 
5 

0.
94

 
x 

0.
20

 
c 

0
.
2
j
 

$
 

o-
77

 
4 

0.
27

 
0 %

 
O
.
.
.
$
 

u
 

0.
78

 
0.

80
 

Z
 

0.
62

 
l-

l 
. 

0.
20

 
0.

63
 

0.
86

 
0
.
8
2
 

0
.
0
0
 

0.
09

 
0.

09
 

0.
00

 
0.

1s
 

o.
s2

 

0.
26

 
to

 H
 

1
1
2
1
0
 

C
el

lit
on

 F
as

t 
R

ub
in

e 
3B

 
C

el
lit

az
ol

 G
G

 

C
el

lit
on

 D
is

ch
ar

ge
 R

ub
in

e 
B

B
F 

C
el

lit
on

 F
as

t 
Sc

ar
le

t 
R

X
 

2-
A

m
in

o-
j-

ni
tr

op
he

no
l -

, 
2,

2’
-(

m
-t

ol
yl

im
in

o)
-d

ie
th

an
ol

 
@

itr
oa

ni
lin

e 
+

 
(N

-2
-h

yd
ro

xy
et

hy
l-

m
-t

ol
ui

di
no

)-
 

pr
op

io
ni

tr
ile

 

1
1
2
2
5
 

11
23

0 

1
1
2
5
0
 

C
ib

ac
et

 S
ca

rl
et

 G
 

+K
tr

oa
ni

lin
e 

+
- c

re
si

di
ne

 
11

25
5 

C
ib

ac
et

 D
ia

zo
 B

la
ck

 B
 

R
ed

uc
e 

th
e 

ni
tr

o 
gr

ou
p 

of
 C

.I
. 
1
1
2
5
0
 

11
36

5 
C

ib
ac

et
 D

ia
zo

 B
la

ck
 G

N
 

@
itr

oa
ni

lin
e 

-+
 r

-n
ap

ht
hy

la
m

in
e 

ll
41

0 
C

el
lit

on
 D

is
ch

ar
ge

 B
lu

e 
R

R
F 

’ ‘
43

0 
C

el
lit

on
 D

is
ch

ar
ge

 B
lu

e 
3G

 

11
43

5 
C

el
lit

on
 D

%
ch

&
ge

 B
lu

e 
jG

 

2-
B

ro
m

o-
4.

6~
di

ni
tr

oa
ni

lin
e 

+
 

r-
se

c.
-b

ut
yl

-r
,2

,3
.4

-t
et

ra
- 

hy
dr

o-
7-

m
et

hy
l-

3-
qu

in
ol

in
ol

 
z-

C
hl

or
o-

4-
ni

tr
oa

ni
lin

e 
+

 
r,

2,
3,

+
te

tr
ah

yd
ro

be
nz

o-
 

(I
r)

qu
in

ol
in

e-
3,

7-
di

ol
 

2-
A

m
in

o-
6-

m
et

ho
xy

be
nz

ot
hi

az
ol

e 
--

f 1
,2

,3
,+

te
tr

ah
yd

ro
- 

be
nz

o(
h)

qu
in

ol
in

e-
3,

7-
di

ol
 

B
lu

e 
B

lu
e 

Pi
nk

 
B

lu
e 

B
lu

e*
 

B
lu

e 
Pi

nk
 

Y
el

lo
w

 
Y

el
lo

w
 

Y
el

lo
w

 
D

ul
l 

ye
llo

w
 *

 
Y

el
lo

w
 

O
ra

ng
e 

O
ra

ng
e 

Y
el

lo
w

 
B

ro
w

n 
B

ro
w

n 
l
 

B
ro

w
n 

11
83

5 
12

70
0 

1
2
7
9
0
 

C
el

lit
on

 F
as

t 
Y

el
lo

w
 G

 
p-

A
m

in
oa

ce
ta

ni
lid

e 
+

 p
-c

re
so

l 
Su

da
n 

Y
el

lo
w

 3
G

 
A

ni
lin

e 
+

 3
-m

et
hy

l-
r-

ph
en

yl
-j

-p
yr

az
ol

on
e 

C
el

lit
on

 Y
el

lo
w

 jG
 

ar
-N

itr
oa

ni
lin

e 
+

 
q-

hy
dr

ox
y-

r-
m

et
hy

lc
ar

bo
st

yr
il 

’ 

o-
 a

nd
 p

4i
tr

oa
ni

lin
e 

i 
4-

hy
dr

ox
y-

I-
m

et
hy

lc
ar

bo
st

yr
il 

A
ni

lin
e 

+
 

r -
na

ph
th

yl
am

in
e 

+
 p

he
no

l 
12

79
5 

C
el

lit
on

 Y
el

lo
w

 3
G

N
 

26
08

0 _
 

D
is

pe
rs

ol
 F

as
t 

O
ra

ng
e 

B
 

26
09

0 
C

el
lit

on
 F

as
t 

Y
el

lo
w

 jR
 

37
23

5 
C

el
lit

az
ol

 B
hT

 
p-

Ph
en

yl
az

oa
ni

lin
e 

+
 o

-c
re

so
l 

o-
D

ia
ni

si
di

ne
 

C
on

de
ns

e 
et

hy
l 

cy
an

oa
ce

ta
te

 w
ith

 p
-(

N
-b

ut
yl

- 
2-

ch
lo

ro
et

hy
l-

am
in

o)
:b

en
za

ld
eh

yd
e 

48
00

0 
C

el
lit

on
 F

as
t 

Y
el

lo
w

 7
G

 “
F

” 
Y

el
lo

w
 

(c
on

tin
ue

d 
on

 j
h 

48
2)

 







*. . ., -., 

,.. : ., ,’ ,.., 

..484 .: ‘, : ,’ ‘,’ J, SI+RIEK : 

‘the.I+value is dependent. on the number of amino groups in the nucleus and decreases 
proportionally wit,h their’number. ?Zydroxyethanolamino derivatives possess a higher 

.$k‘value than’the amino’derivatives. 
,,:.,: 

,, : (f) -.Methi&‘derivatives possess a,‘lo&er RF value than nitro dyes and dyes of the 
krylaminoquinone and an$nonaphthali$de groups. 

(g) -The ,position and character of the substituents in aromatic nuclei considerably 
influence the RF value. With compounds of the same fundamental skeleton ‘and of ‘a 
‘diffeknt character of substituents, dyes with smaller dipole moments show a higher 
‘RF ‘value. 

SUMMARY 

,Disperse dyes have been separated, using two aqueous pyridine eluents. .The relation 
between dye constitution and chromatographic behaviour has been examined. 
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