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Purification Procedures for Synthetic Dyes: 
Part 2-Countercurrent Chromatography? 

H. S. Freeman and C. S. Williard 
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(Received: 17 January, 1986) 

The suitability of countercurrent chromatography as a method for 
purtfying preparative amounts of disperse dyes and direct dyes has been 
investigated. Soivent pairs were deveioped which aHorded partition 
coe~cients needed to eflect the pur~~cation of dyes of these types. 
Although this procedure was found to give good separation of complex 
dye mixtures, the low solubility of the dyes in the solvent pairs prevents 
it from being an effective method of preparing gram quantities of 
analytically pure dyes. 

INTRODUCTION 

Efforts to identify a relatively inexpensive and efficient method of 
preparing gram quantities of synthetic dyes led to our evaluation of a 
number of chromatographic procedures which have not been reported 
previously as applicable to dyestuffs. Among such procedures are 
flash chromatography, 1 dry column chromatography,2*3 preparative 
HPlX,4*5 and countercurrent chromatography.6- lo In the first paper 

t Abstracted in part from the MS thesis of C. S. Wifliard, North Carolina State 
University, 1985. 
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of this series, we reported’ 1 our experiences with dry column chromatog- 
raphy and pointed out certain disadvantages of the preparative HPLC 
and flash chromatography procedures. The present paper summarizes 
work conducted with the more recently developed chromatographic 
procedure, countercurrent chromatography (CCC). 

Countercurrent chromatography is quite different from the more 
widely known droplet countercurrent chromatography” which utilizes 
a series of tubes containing the stationary phase, through which the 
mobile phase is pumped in the form of droplets. The engineering design 
and other theoretical aspects of CCC have been outlinedi -I5 in papers 
by Ito. The intimate details of that information will not be reproduced 
here. It is worthwhile to point out, though, that the key aspects of CCC 
which make it attractive include (1) the lack of tailing of compounds 
being purified, (2) no sample losses, and (3) the modest amounts of 
solvents required to effect the purification of complex mixtures. The 
first two points are consequences of no solid support being used. In lieu 
of an absorbent, this procedure uses a pair of immiscible solvents and 
takes advantage of differences in the solubility of the components of a 
crude sample in the solvent pair. Therefore, the first step in the use of 
CCC is the development of a solvent pair which gives a partition 
coefficient in a specific range. It turns out that the range of useful values 
is quite wide. Values in the interval of 0.1-10 have been found to 
produce the desired separations. 

CH3- N 

It has been suggested16 that CCC works best for polar compounds. 
Indeed, DNP-amino acids, indole derivatives, purines, pyrimidines, and 
the dye Basic Violet 1 (1) have been purified by CCC. Consequently, 
this procedure was explored as a method of purifying dyes of varying 
polarity. 
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RESULTS AND DISCUSSION 

The acid/direct dyes 2-6 and disperse dyes 7-10 were selected as model 
compounds for evaluating the utility of CCC. The first step in the 
evaluation of CCC as a tool for the purification of synthetic dyestuffs 
involved the development of solvent systems which afforded partition 
coefficients in the 0.1-10 interval of values. The second and third steps 
involved conducting the purification process on select dyes and assessing 

I 
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N=N N=N+N02 
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N-CH2CH2CH20CH3 

02N~N=N~~<cH30 

CHZCH2N 

+ 
0 

10 

the effectiveness of each separation by TLC and HPLC analyses, 
respectively. Since the dye classes studied varied greatly in degree of 
polarity, different solvent systems needed to be developed. The starting 
points for the development of the solvent systems were papers by 
Conway and Ito. i7,18 Several of the solvent systems reported in the two 
papers were found to be suitable for our purposes. 

The acid and direct dyes 2-6 afforded partition coefficients in the 
required interval when the systems 1-butanol-H,O-EtOH and CHCl,- 
HOAc-0. lo-HCl were employed. Table 1 shows the partition coefficients 
as a function of wavelength, which were recorded for each of the dyes 
examined. The disperse dyes evaluated (7-10) required the non-aqueous 
systems EtOAc- or Et,O-formamide, and EtOAc- or Et,Oethylene 
glycol in order to produce the required partition coefficients. The data 
generated from the work with disperse dyes are shown in Table 2. The 
results enumerated in Tables 1 and 2 suggested that the water soluble 
dyes 2 and 4 and the disperse dyes 9 and 10 were the most appropriate 
ones to use in the CCC purification step. 
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The dye purifications required approximately 1.5 liters of solvent for 
each experiment. In each case, good separation of the components of 
the crude dyes required that the phase of the solvent pair in which the 
dye was more soluble be used as the stationary phase. Otherwise, the 
crude dye would pass quickly through the CCC column before significant 
separation of the components occurred. A maximum of 0*5g of dye 
could be purified at one time by this procedure. This limitation is mainly 
the result of the relatively modest solubility of the crude dyes in the 
maximum allowed 5ml of solvent mixture. The simplicity and low cost 
of the method, however, permit the purification of gram quantities of 
certain dyes by multiply repeating the process. A typical CCC purification 
of a dye required about 6 h. The purification of dyes with impurities 
possessing low solubility in the mobile phase, however, took as long as 
24 h. The isolation of the purified water-soluble dyes following the CCC 
experiments was quite straightforward. The aqueous solution of the 
dye was simply evaporated to dryness with a rotary evaporator and 
the resulting solid was washed with CHCl, to remove residual 
I-butanol. The isolation of the pure disperse dyes was possible by 
triturating the formamide or ethylene glycol solutions with water, 
extracting the resulting mixture with EtOAc, and evaporating the EtOAc 
solution to dryness. The purified dyes of this investigation were obtained 
in 0.05-0.3 g quantities, depending on their relative amounts in the 
crude dye mixture. The water-soluble dyes invariably remained in the 
stationary phase. Therefore, for such dyes, CCC purification results 
from the selective extraction of impurities from the main color body. 
The effectiveness of the CCC purification was determined with the aid 
of TLC and HPLC. The structures of the purified dyes were confirmed 
by ‘H-NMR. 

EXPERIMENTAL 

General 

The partition coefficients were determined with the aid of a Perkin- 
Elmer UV-Visible spectrophotometer. The HPLC data were recorded 
with a Waters Series 400 absorbance detector equipped with a model 
6000A solvent delivery system and a series 5000 Fisher chart recorder. 
TLC data were recorded on Bodman glass-backed silica gel plates type 
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K64F. The CCC purifications were conducted with the unit available 
from P. C. Inc., Potomac, Maryland, using the 350 ml capacity column. 
The solvents were purchased from Fisher Scientific Co., Springfield, 
New Jersey, and the dyes were obtained from commercial sources or 
prepared in these laboratories. The NMR spectra were recorded on a 
Bruker 250MHz spectrometer and the mass spectra on a Hewlett 
Packard 5985B mass spectrometer. 

The procedure used to measure the partition coefficients of the dyes 
was essentially the UV-Visible method of Conway and Ito” and the 
subsequent purifications were by standard procedures outlined in the 
user manual which accompanies the CCC instrument. 

Partition coefficients 

Approximately 0.2 ml of a methanol solution containing 1 mg/ml of dye 
was evaporated in a 13 mm culture tube with a N, stream. Exactly 1 ml 
of each of the two mutually saturated solvents of the solvent pair was 
added to the dry dye, from a pipet. The tube was closed with a Teflon- 
lined cap, shaken gently for lOmin, and then allowed to stand until the 
layers separated completely. Occasionally, warming of the tube in a 
water-bath was necessary to break the emulsion which formed. A pipet 
was then used to remove the entire lower layer and to transfer it to a 
tube which contained 5 ml of methanol. The same volume of methanol 
was added to the upper phase of the solvent pair. The absorbance of each 
of the two methanol solutions was determined at various wavelengths. 
Corrections for the solvent absorbance were made by subtracting 
absorbances of similarly diluted aliquots of the mutually saturated blank 
solvents. The partition coefficients were then calculated as the ratio of 
the net absorbance values. 

Countercurrent chromatography 

The solvent systems which afforded the best partition coefficients for 
the four dyes used at this stage of the work were prepared by shaking 
the solvent mixtures in a separating funnel until thoroughly mixed. The 
layers were allowed to separate completely by standing overnight. The 
CCC column was filled by pumping in the stationary phase at a rate of 
6 ml mini. The CCC column was then rotated at 800 rpm as the dye, 
in 4-5ml of the solvent pair (SO/SO mixture), was injected into the 
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column from a syringe. The mobile phase was next pan into the 
column at a Aaw rate of 4ml min- I. A fraction collector was used to 
collect fractions of I2 ml per test tuk The amount uf stati~~a~ phase 
displaced by the mobile phase was recorded. It was then possible to use 
the total column capacity to calculate the volume of the stationary 
phase retained and the volume af mobile phase present thr~~~h~ut the 
~br~mat~graphy. Fractions were collected from the instrument and 
mobile phase pumped in until very Iittte to no c&r was present in the 
fractions being culfected, The solvent pair and the relative amounts of 
each component dye used, ratio of stationary to mobile phase involved 
in the separation, and physical data recorded are described below for 
the individual dyes. 

Purification of the Greet dye 2 

A mixture of 1 liter of 1-butan& 1 liter of distilled water, and 100ml of 
absolute EtQH was shaken for 2-3 min in a 4 liter separating funnel, 
The layers were then allowed to separate by standing overnight. The 
CCC column was filled with the lower layer (aqueous phase) and then 
rotated at 800 rpm. The dye (0.22 g> was dissolved in 4 ml of the solvent 
pair and the resulting solution was injected into the column. The upper 
layer (organic phase) of the solvent pair was then introduced at a flow 
rate of 4 mf min- I. This introduction caused the displacement of 223 ml 
of the stationary phase. After 6 h of passing the mobile phase through 
the stationary phase, the column contents were isolated by pumping in 
MeOH. The green solution obtained was concentrated and the resulting 
dye was washed with CHCl, to remove traces of I-butanol. There was 
obtained O- 13 g of pure dye, I(, = 06 on silica gel with 1-butanol-95% 
EtO~-CHAOS-pyridine (4: I: 3: 2). 

Purification of the direct dye 4 

The solvent system used consisted af 500 ml of I-butanof, 500mf of 
distilled water, and ~~~rn~ of absolute EtOH. The dye (@5 g) was 
dissolved in 5ml of the solvent mixture. The amount of displaced 
stationary phase was 229ml. Tbe 6 h purification generated @28g of 
pure dye 4, R, = 0.36 on silica gel with I-butanal-95% EtOII-NH,OH- 
pyridine (4:1:3:2). 
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Purification of the disperse dye 9 

The dye (0.52g in 4 ml solvent) was purified using the solvent system 
EtOAc-ethylene glycol (1: 1). The EtOAc layer (upper phase) was used 
as the stationary phase. The introduction of the mobile phase (ethylene 
glycol layer) at 800 rpm led to the displacement of 105 ml of stationary 
phase. After 5 h, the EtOAc phase was removed and concentrated to 
afford 0.120 g pure dye having R, = O-57 on silica gel with toluene- 
EtOAc (4:l) and m.p. 129-131°C. 

NMR spectrum (CD&): triplet (2H), 6 2.74; multiplet (4H), 6 3.94; 
triplet (2H), 6 4.57; doublet (2H), 6 6.87; triplet (2H), 6 7.45; triplet (lH), 
6 7.55; doublet (4H), 6 7.95; doublet (2H), 6 8.00; doublet (2H), 6 8.33. 

Purification of the disperse dye 10 

The dye (0*22g) was purified as described above for the disperse dye 9. 
The mobile phase displaced lOOmI of the EtOAc phase. After 6 h, the 
pure dye was isolated by diluting the ethylene glycol layer with water, 
extracting the precipitated dye into EtOAc, drying the EtOAc layer with 
Na,SO,, and evaporating the EtOAc solution to dryness. There was 
obtained 0.15 g pure dye, R, = 0.35 on silica gel with toluene-EtOAc 
(2:1), and m.p. 149-151°C. 

NMR spectrum (CDCI,): triplet (3H) 6 l-30; singlet (3H), 6 2.28; 
singlet (4H) 6 2.67; quartet (2H), 6 3.56; triplet (2H), 6 3.62; triplet (2H), 
6 3.80; doublet of doublets (lH), 6 6.62; doublet (2H), S 7.79; doublet 
(2H), 67.81; doublet (lH), 68.16; doublet (2H), 68.32. 

CONCLUSION 

The utility of CCC as a method of purifying acid, direct, and disperse 
dyes was examined. The results indicate that in a single pass, this 
procedure is suitable for only 0.5 g or less of such dyes. However, the 
low cost and relative simplicity of the procedure make it feasible to 
prepare larger amounts of pure dye by repeating the process with 
additional crude dye. The success of this procedure depends upon the 
development of a suitable solvent pair, reasonably good solubility of 
the dye in the solvent pair, and the use of solvents which permit the 
isolation of purified dye with relatively little difficulty. 
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