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The composition and purity of three commercial preparations of the widely used affinity 
chromatography ligand Cibacron Blue F3GA have been evaluated by TLC and by paired-ion 
reversed-phase HPLC and were found to contain several chromophoric species. Stepwise 
synthesis of the reported dye structure showed that only one commercial preparation contained 
any actual Cibacron Blue F3GA, and that it was present only in minor amounts. In all three 
preparations the major component appears to be the dichlorotriazinyl precursor of Cibacron 
Blue F3GA. Commercial samples of the related dyes Procion Blue MX-3G and Procion Blue 
MX-R are also highly heterogeneous. In addition, our experiments suggest that TLC results 
must be evaluated carefully to ensure that catalytic surface activity of alumina and silica has 
not created ghost bands. @ 1985 AC&ICC FM., II-Z. 

Cibacron Blue F3G-A and related triazine warned that considerable structural variances 
dyes have found extensive application in are tolerated within the textile industry, for 
affinity chromatographic purifications of en- which these dyes were manufactured, and 
zymes and other biopolymers. The hundreds that structural homogeneity between dye 
of published applications of these dyes in preparations should not be taken for granted. 
various purification schemes have been ex- Since neither Cibacron Blue F3GA nor its 
tensively reviewed (l-6). In many of these dichlorotriazine analog is any longer being 
schemes Cibacron Blue F3GA or its analogs manufactured, the considerable stores of the 
have been used as affinity ligands for dehy- dyes which remain are likely to be contami- 
drogenases or kinases, providing a more stable nated with hydrolysis products even in cases 
and far more cost-effective alternative to the where a homogeneous product was originally 
use of natural cofactors such as NAD+, AMP, present (8). In the context of affinity chro- 
and ATP. In other cases, the selective puri- matography, the importance of these factors 
fications of proteins such as interferons and emerges from the consideration that small 
albumins on Cibacron Blue columns appear changes in the structure can cause large 
to result from a unique combination of ionic differences in the degree of bioselective inter- 
and hydrophobic sites. A detailed interpre- actions. Biellmann et al. (9) have reported 
tation and the correct assignment of the that a specially purified sample of the meta- 
sources of these interactions is complicated sulfonate isomer of Cibacron Blue F3GA did 
by the highly heterogeneous nature of com- not bind to liver alcohol dehydrogenase, while 
mercial preparations of these dyes, and in- a mixture of the meta and para isomers did 
consistencies in the methods of purification, result in binding of the enzyme and inhibition 
if any, used in various studies. In addition, of its activity. As high-performance affinity 
variations in the actual chemical composition chromatographic techniques begin to evolve, 
of the major components between dye prep- these factors take on increased importance. 
arations are common. Venkataraman (7) has Heterogeneity of the affinity ligands due to 
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impure dye samples may be partially respon- 
sible for the widened and/or unusually shaped 
peaks, and occasional ghost peaks observed 
in high-performance affinity chromatography 
both in our lab and in the literature (5,lO). 
To assess the effects of these impurities we 
began to investigate the analysis and purity 
of commercial preparations of Cibacron Blue 
F3GA and similar dyes as a prelude to as- 
sessment of the reported purification schemes 
for these dyes. In the process we synthesized 
the dyes ourselves and discovered significant 
errors in the structural assignment for cur- 
rently available preparations of some of these 
dyes. These errors call into question some of 
the conclusions made concerning the effect 
of ligand structure in dye ligand affinity 
chromatography. 

EXPERIMENTAL 

Materials and equipment. In this work we 
have investigated several commercial prepa- 
rations of Cibacron Blue F3GA including 
those from Sigma (Reactive Blue 2, St. Louis, 
MO.), Polyscience (Warrington, Pa.), and 
Pierce (Rockford, Ill.), in addition to prepa- 
rations synthesized in this lab. Other anthra- 
quinone containing dyes were also investi- 
gated, including Procion Blue MX-R and 
bromaminic acid (BA)’ purchased from 
Polyscience and Pfalz-Bauer (Stamford, CT) 
respectively, Procion Blue MX-3G donated 
by ICI America, and the blue chromophore 
of Cibacron Blue (ASSO) and the dichloro- 
triazinyl analog of Cibacron Blue (IIA) which 
we synthesized. The dyes used in this study 
and their reported structures are shown in 
Fig. 1. Cyanuric chloride (sTCT) and 2,5- 
diaminobenzenesulfonic acid (DABS) used 
in the synthesis of ASS0 and structure IIA 
were obtained from Sigma and Aldrich (Mil- 

’ Abbreviations used: BA, bromaminic acid; ASSO, 
l-amino-4-(4’-aminophenylamino)-2,3’-anthraquinonedi- 
sulfonic acid chromophore; sTCT, cyanuric chloride; 
DABS, 2,Sdiaminobenzenesulfonic acid; SA, sulfanilic 
acid; MA, metanilic acid; PIC, paired-ion chromatogra- 
phy; TBAC, tetrabutylammonium chloride. 

waukee, Wise.) while sulfanilic (SA) and me- 
tanilic (MA) acids were Aldrich and Eastman 
Organics preparations, respectively. The var- 
ious copper catalysts used in these experi- 
ments (cuprous and cupric chloride, pow- 
dered copper metal) in the synthesis of ASS0 
were purchased from Mallinckrodt (St. Louis, 
MO.), while the tetrabutylammonium chloride 
ion-pairing agent for reversed-phase HPLC 
was obtained from Sigma. All other reagents 
were of at least reagent-grade quality. 

Except for methanol and water used in 
HPLC experiments all solvents were reagent 
grade and were obtained through commercial 
sources. Deuterated water and methanol were 
obtained from Aldrich, while HPLC solvents 
were purchased from Mallinckrodt, and were 
filtered through 0.45-pm nylon filters prior 
to use. 

Thin-layer chromatographic analyses were 
carried out on silica gel plates from Fisher 
(Redi-Plates, Pittsburgh, Pa), Analtech (HE- 
TLC-HLF, Newark, Del.) and Whatman 
(LK6DF plates, Clifton, N. J.), on reversed- 
phase silica gel plates from Analtech (RPS 
plates) as well as on alumina TLC sheets 
from Macherey-Nagel (Alox N/UV). Semi- 
preparative-scale purifications were carried 
out on Baker 60-200-mesh silica gel, Fisher 
80-200-mesh neutral alumina A-950, and 
30-pm Nucleosil 100 silica (Macherey-Nagel) 
derivatized with trichlorooctadecylsilane (Pe- 
trarch Systems, Bristol, Pa.) by standard 
methods (11). 

HPLC experiments were carried out on 
either of two systems. The gradient system 
was comprised of a Perkin-Elmer Series 3B 
gradient pump module with dynamic mixer 
(Norwalk, Conn.), a Rheodyne Model 7040 
injector (Cotati, Calif.), and a detection sys- 
tem made up of a Hitachi lOO- 10 variable- 
wavelength detector (Mountainview, Calif.) 
and an optional Perkin-Elmer LC-15 fixed- 
wavelength (254-nm) detector in line. The 
isocratic system consisted of an Altex 110A 
pump with pulse dampener (Beckman In- 
struments, Berkeley, Calif.), a Rheodyne 
7 120 injector, and a Perkin-Elmer LC-15 
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FIG. I. Anthraquinone dyes investigated in this study and their reported 

detector with either a 254 or a 550~nm filter 
installed. Both systems were connected for 
data acquisition and storage to an IBM Model 
9000 laboratory computer (Danbury, Conn.). 
Analytical separations were performed on a 
Hewlett-Packard lo-cm X 4.6-mm-i.d. col- 
umn packed with Hypersil ODS silica. Semi- 
preparative reversed-phase separations used 
a 15-cm X lo-mm-i.d. column hand packed 
with 30-pm Nucleosil ODS silica prepared 
in this lab. 

Visible spectrophotometric characteriza- 
tions of the dyes were performed on a Hew- 
lett-Packard 8450A diode array spectropho- 
tometer, while infrared spectra of Cibacron 
Blue fractions were obtained on a Perkin- 
Elmer Model 298 ir spectrophotometer from 

structures. 

potassium bromide pellets. Proton NMR 
spectra were obtained on a 300-MHz Nicolet 
NT-300 (Freemont, Calif.) instrument. 

Procedures. TLC analyses of the available 
commercial dyes were attempted on the silica 
and alumina gel plates listed above using the 
mobile phases reported in the literature (12- 
17) with particular emphasis on the solvent 
systems of Weber et al. (13) (48:7, THF: 
H20) and of Seelig (15) (50:40:40:40:20, 
methyl ethyl ketone:HzO:triethylamine:pyri- 
dine:toluene), which have been reported to 
resolve several chromophoric bands in Ci- 
bacron Blue F3GA. In addition a mobile 
phase of 2:l acetonitrile:H20 was used in 
alumina TLC experiments. When necessary, 
the TLC plates were activated by drying 
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overnight at 120°C. Following development, 
the position and color of the chromatographic 
bands were noted and plates were examined 
under an uv lamp to detect fluorescent bands. 

Dye samples were also evaluated by HPLC 
using the so-called reversed-phase paired-ion 
chromatography or PIC technique ( 18), using 
tetrabutylammonium chloride (TBAC) as the 
ion-interaction reagent. The weak solvent for 
this work was a 5 IIIM solution of TBAC in 
an aqueous phosphate buffer. The strong 
solvent was pure methanol. For the first 
screening of dyes a gradient from 0 to 100% 
methanol ( 100 to 0% TBAC) over 1 h at a 
I-ml/min flow rate was used to determine 
the limits of retention for the various dye 
preparations. On the basis of these results a 
45:55 v:v mixture of 5 mM TBAC in an 
aqueous phosphate buffer (10 IIIM, pH 7.0) 
with methanol was used as the mobile phase 
for the Hypersil ODS column used in this 
work for the final isocratic evaluation of 
commercial dyes preparations. 

Detection at 254 nm was used for universal 
detection of aromatic solutes, while 6 IO-rim 
detection (550 nm on the LC-15 detector) 
was used to selectively detect blue chromo- 
phores. Dye samples for chromatography 

were prepared by dissolving the dyes in a 
minimum amount of methanol and diluting 
with a buffered, aqueous TBAC solution so 
that the final TBAC/dye ratio was greater 
than 100. All retention results were verified 
by varying the concentration of the dyes in 
order to check for isotherm nonlinearity ef- 
fects. In general dyes were run at the lowest 
concentrations that would allow easy detec- 
tion of the peaks (e.g., 0.01 AUFS). 

Synthesis of structures IA, IIA, and the 
meta and paru isomers of IIIA were per- 
formed in order to verify the identity of the 
materials which elute at the retention times 
of the actual dyes. The synthetic scheme for 
these products beginning from bromaminic 
acid is shown in Fig. 2. In the first step, 
bromaminic acid is condensed with 2,5-d& 
aminobenzenesulfonic acid (DABS) in the 
presence of a copper catalyst to yield ASS0 
(IA), according to the procedure of Wojt- 
kiewicz and Kraska (19). In this procedure a 
solution of 7.64 g bromaminic acid in 75 ml 
water is added to 250 ml water containing 
5.0 g sodium carbonate, 4.0 g sodium sulfite, 
and 7.6 g DABS. To this mixture 0.3 g cupric 
chloride is added and the solution is stirred 
at room temperature under nitrogen atmo- 

A ii 
N ‘N 

CH,CCH,/H,O. Na,C03. 5’C 

C&N& - 

sTCT 

MA or SA millA or p-IIIA 

FIG. 2. Synthetic scheme for the preparation of Cibacron Blue-type dyes. 
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sphere for 8 h. Cuprous chloride, cupric 
sulfate, or finely divided copper metal can 
be substituted in place of cupric chloride as 
the catalyst. A crude ASS0 product is ob- 
tained after clarification with charcoal and 
salting out of the dye. The blue ASS0 may 
be separated from the orange-yellow impu- 
rities either by column chromatography on 
alumina using a 4:l THF:H20 eluant or by 
a three-step extraction procedure. In the for- 
mer case the ASS0 can be concentrated into 
the aqueous phase by mixing the THF:HzO 
solution with either toluene or chloroform. 
In the extraction, the blue ASS0 chromo- 
phore and one yellow component of the 
crude mixture are extracted from neutral or 
mildly basic aqueous solution into chloroform 
upon addition of TBAC. ASS0 is then iso- 
lated by discarding the yellow aqueous phase, 
and reextracting the ASS0 from the chloro- 
form layer into a fresh aqueous hydrochloric 
acid solution. The aqueous ASS0 solution 
from either method can then be neutralized 
and salted out to recover the reagent, or may 
be used directly to proceed with the synthesis 
of structure IIA. 

In the remaining steps, cyanuric chloride 
is reacted with ASS0 under conditions that 
only allow the substitution of one chlorine 
on the triazine ring so as to yield the dichlo- 
rotriazinyl product IIA. This product may 
then be salted out from solution or the 
synthesis may be continued directly to the 
IIIA form. In the latter case, sulfanilic or 
metanilic acid is then added and the temper- 
ature increased so as to react the triazine 
ring at a second chloro position to yield p- 
IIIA and m-IIIA respectively. The actual re- 
action conditions were taken as being those 
of the isomeric dyes Procion Blue MX-R and 
Procion Brilliant Blue H-GR (20). The critical 
conditions for these steps are the solution 
basicity and a temperature of approximately 
0” and 40-60°C respectively, for the two 
triazinyl substitution reactions. In the first 
step, a stoichiometric amount of a solution 
of cyanuric chloride (1.9 g in 8 ml acetone 
and 10 g ice) is added to a concentrated 

aqueous solution (0.05 M) of ASS0 at O- 
5°C. The resulting solution is stirred at O- 
5°C for 1 h while 2 M sodium carbonate 
solution is added to keep the pH in the range 
of 5-7. In the final reaction step, an excess 
of a solution of metanilic or sulfanilic acid 
(0.33 M) in water is added to the solution of 
IIA prepared previously. The temperature is 
increased to 40-60°C and sodium carbonate 
is again added to maintain a pH of 5-7. 
Reaction progress can be monitored chro- 
matographically using reversed-phase PIC. 
An alternate set of reaction conditions for 
the same synthetic scheme in Fig. 2 is given 
by Senn and Zollinger (21). Synthetic prod- 
ucts IIA and IIIA can be precipitated from 
solution by salting out the dyes using sodium 
chloride or nitrate. The dyes can be separated 
from unreacted cyanuric chloride by washing 
with diethyl ether (21) and from unreacted 
metanilic and sulfanilic acids by reversed- 
phase paired-ion chromatography using a 
mobile phase of approximately 25:75 TBAC: 
Hz0 to concentrate the dye on the column, 
followed by elution with methanol. 

The triazinyl hydrolysis products of IIA 
and IIIA were generated from the original 
dyes by incubation at room temperature in 
0.5 M sodium hydroxide for 2 h. Under these 
conditions the hydrolysis reactions in Fig. 3 
were expected. All the synthetic dyes and 
their hydrolysis products were separated by 
TLC and HPLC under the conditions dis- 
cussed earlier to determine their Rf values 
and retention volumes. 

The two major fractions from the Sigma 
preparation of Cibacron Blue F3GA were 
isolated by column chromatography on silica 
gel using a 20:48:7 ethyl acetate:THF:H*O 
(13) or by elution from alumina gels using 
a solvent gradient from 99:l acetonitrile: 
water to 40:60 acetonitrile:water. The effi- 
ciency of the purifications was checked using 
the analytical PIC method. 

RESULTS 

Results of the HPLC chromatography of 
the samples of the synthesized dyes support 
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IIA (OH)-IIA (OH)2 lIA 

OH- 
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FIG. 3. Hydrolysis reactions for the Cibacron Blue-type chlorotriazinyl dyes. 

the validity of the synthetic approach used on the basis of retention volumes generally 
in this work, and are shown in Fig. 4. While does not lead to positive identification of 
identification of unknown compounds solely components, the unique agreement of con- 
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FlG. 4. Reversed-phase paired-ion HPLC chromatograms of the reaction products from tbe synthetic 
scheme in Fig. 2 illustrating the successive reactions in the synthesis of Cibacron Blue-type dyes. 
Chromatographic conditions: 10 cm Hypersil 5-pm ODS column, 45% (5 mM TBAC, 10 mM phosphate, 
pH 7.0), 55% methanol, 1 ml/min, 254-nm detection. (a) ASS0 (IA) synthesis, (b) IIA synthesis, (c) 
m-MA synthesis, and (d) pIIIA synthesis. 
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trolled synthetic, derivatization, and degra- 
dation studies with chromatographic results 
for the limited number of compounds in- 
volved in this case permits the assessment of 
structural identity of these dyes from chro- 
matographic results with a high degree of 
confidence. A chromatogram of the synthe- 
sized ASS0 sample is shown in Fig. 4a. In 
this chromatogram the peak at a retention 
volume of 3.0 ml represents ASS0 and is 
blue in color. The virtually unretained band 
is believed to be composed of a mixture of 
bromaminic acid and a blue-fluorescing oxi- 
dation product of the DABS. Upon reaction 
with cyanuric chloride, the ASS0 peak almost 
quantitatively disappears concurrent with the 
emergence and growth of the peak (IIA) at a 
retention volume of approximately 25 ml. 
The chromatogram in Fig. 4b shows the 
decrease in the ASS0 peak intensity and the 
emergence of the IIA peak after 1 h of 
reaction (approximately 80% completion). 
The minor peak at 12.7 ml is not blue, and 
possibly corresponds to a DABS-triazine 
product. Chromatographic results for the re- 
action of structure IIA with metanilic and 
sulfanilic acids are shown in Figs. 4c and d, 
respectively. The IIA peak diminishes as the 
peaks at 10.4 and 9.6 ml grow for structures 
m-IIIA and p-IIIA, respectively. The chro- 
matographic results for the hydrolyzed sam- 
ples further suggest the remaining identifica- 
tions in Table 1. 

Results of the HPLC chromatography of 
the three commercial preparations of Ciba- 
cron Blue F3GA are shown in Fig. 5. In all 
three preparations the major peak (V, = 24- 
25 ml) matches the retention of the synthetic 
structure IIA. On the basis of both TLC and 
HPLC results, the preparations from Sigma 
and Polyscience are virtually indistinguish- 
able. The Cibacron Blue preparation from 
Pierce differs from those of Sigma and Poly- 
science by the presence of the two peaks at 
10.4 and 9.6 ml, which were identified above 
as structures m-IIIA and p-IIIA, respectively. 

The major peak at 25 ml for all the 
Cibacron samples was identified as structure 

TABLE 1 

CIBACRON BLUE INTERMEDIATES 
RETENTION VOLUMES’ 

VR k’ 
Peak 

identification Comment 

1.2 0.14 Sulfanilic acid 
1.4 0.33 Bromaminic acid Yellow/red color 

1.4-1.5 0.33-0.43 ? Blue color 
2.1 1.00 ? Not blue 
3.0 1.86 ASS0 (IA) Blue color 
4.2 3.00 (0H)JIA Blue color 
4.8 3.56 ? Not blue 
5.2 3.95 (OH)-IIA Blue color 
8.0 6.62 (OH)-pIllA Blue color 
8.4 7.00 (OH)-m-IIIA Blue color 
9.6 8.14 pIIIA Blue color 

10.4 8.90 m-IIIA Blue color 
12.7 11.1 ? Not blue 
25 22 IIA Blue color 

a Based on chromatography on the IO-cm X 4.6~mm Hypersil 
S-pm ODS column with a 45:55 (5 mM TBAC, 10 mM phosphate, 
pH 7,O):methanol mobile phase at I .O-ml/min flow rate. 

IIA on the basis of its retention, and the 
identity was confirmed by several experi- 
ments. When purified fractions of this peak 
isolated from the Sigma preparation were 
reacted with metanilic acid under mildly 
basic conditions, a peak at 10.4 ml was found 
to have developed when the reaction product 
was chromatographed, corresponding to the 
synthesis of m-IIIA from IIA. During the 
course of this reaction, the peak at 25 ml 
decreased in size while the peaks at 5.2 and 
to a lesser extent at 10.4 ml increased. Under 
more basic conditions and/or at elevated 
temperatures only the 5.2-ml peak formed 
with the decrease in the 25-ml peak. Under 
mild hydrolysis conditions the 25-ml peak is 
converted to the 5.2-ml peak, while under 
stronger conditions both the 25-ml and the 
5.2-ml peaks are converted into a single peak 
with a retention volume of 4.2 ml. The 
identification of the major peak in Cibacron 
Blue samples as the dichlorotriazinyl dye IIA 
is further supported by the failure to detect 
aniline, sulfanilic acid, or metanilic acid in 
purified samples of the 5.2- and 25-ml peaks 
of commercial Cibacron preparations follow- 
ing reductive hydrolysis of the purified frac- 
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FIG. 5. Chromatograms of samples of the commercial 
preparatioqs of Cibacron Blue F3GA by reversed-phase 
paired-ion HPLC. The conditions were the same as 
denoted in Fig. 4. (a) Reactive Blue 2 Sigma; (b) Cibacron 
Blue F3GA Polyscience; (c) Cibacron Blue F3GA Pierce. 

tions (10). Finally, the ‘H NMR spectra of 
purified fractions from the commercial Ci- 
bacron Blue preparations were consistent with 
the proposed assignments as structure IIA 
and the monohydroxylated triazine derivative 
(OH)-IIA. In the preparations from Sigma 
and Polyscience, no Cibacron Blue F3GA as 

designated by Panchartek et al. (10) was 
identified in the commercial preparations, 
while in the Pierce preparation the Cibacron 
Blue F3GA peaks (m- and pIIIA) represented 
much less than 10% of the blue dye present 
in the sample. 

The gradient elution HPLC results for the 
commercial products Cibacron Blue F3GA, 
Procion Blue MX-3G, and Procion Blue 
MX-R are shown in Fig. 6. In these chro- 
matograms the absorbance at 610 nm was 
used to selectively detect only blue compo- 
nents in the preparations. The gradient slope 
in these chromatograms was 1.67% increase 
of strong solvent per minute. In the top 
chromatogram the Pierce preparation of Ci- 
bacron Blue F3GA is shown for comparison 
with the isocratic results in Fig. 5. The chro- 
matograms are comparable with the exception 
of the small, highly retained peak in the 
gradient run which elutes as background in 
the isocratic mode. The strong retention of 
this peak indicates significantly greater hy- 
drophobicity for this compound, possibly 
being a partially desulfonated derivative. In 
addition the isomers of IIIA are not resolved 
in the gradient run. The second chromato- 
gram in Fig. 6 is a sample of Procion Blue 
MX-3G. The heterogeneity of the preparation 
is apparent. Some ASSO, but no IIA, was 
identified in this product by isocratic chro- 
matography. The final chromatogram in Fig. 
6 shows that the sample of Procion Blue 
MX-R is also extremely heterogeneous. In 
addition to the blue compounds observed 
here, a strong yellow-fluorescing colorless 
band is present. 

The TLC results for the analyses of these 
dyes were in general far less definitive. On 
the silica gels used in this study, only the 
solvent system of Seelig (15) yielded signifi- 
cant retention and resolution of the compo- 
nents in Cibacron Blue F3GA samples. The 
TLC procedure of Weber et al. (13) using a 
THF:water eluant yielded some retention 
and resolution of chromophores, but was 
found to be highly it-reproducible. In both 
cases some evidence for catalytic reaction 
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FIG. 6. Gradient elution chromatograms of sample of 
commercial preparations of Cibacron Blue-type dyes. 
(A) Cibacron Blue F3GA from Pierce Chemical, (B) 
Procion Blue MX-3G from ICI America and (C) Procion 
Blue MX-R from Polyscience. The absorbance at 610 
nm was monitored during a linear methanol gradient at 
a flow of 1 ml/min. 

during chromatography was noted for com- 
pounds containing chlorotriazines. Purified 
samples of the chlorotriazinyl compounds 
chromatographed as multiple blue bands by 
TLC, while ASS0 samples resulted in a 
single blue band. Samples of structure IIA 
produced all the bands noted in the original 
Sigma Cibacron Blue sample when chro- 
matographed by TLC, while the TLC of the 

purified minor fraction from the Cibacron 
preparations resulted in all original bands 
but the IIA band. 

The basicity of the eluting solvent (50:40: 
40:40:20 methyl ethyl ketone:H@triethyl- 
amine:pyridine:toluene) used by Seelig is not 
directly responsible for the induced reactions, 
in that the chromatography of a sample of 
Cibacron Blue incubated for 2 h in the solvent 
was indistinguishable from that of the original 
dye preparation. Our experiments also indi- 
cated that solutions of Cibacron Blue in 
THF:water and THEmethanol solvents were 
unstable with time, but the source of this 
instability was not pursued. Alumina gel 
TLC using ACN:water solutions showed sim- 
ilar catalytic effects. Band discoloration, pre- 
sumably due to air oxidation, also readily 
occurs after both alumina and silica TLC in 
a few days. 

The visible spectra of the synthesized and 
purified dyes are shown in Fig. 7. Spectra 
were taken of dye solutions at dye concentra- 
tions of 0.1 to 50 PM in 10 mM sodium 
phosphate buffer, pH 7.00. 

DISCUSSION 

Various paper or thin-layer chromato- 
graphic systems have been used in attempts 
to analyze the chromophoric components of 
commercial preparations of the Cibacron 
Blue-type dyes (12-I 7,22). While many 
schemes showed no polydispersity in the dye 
preparations, three studies in particular in- 
dicated that Cibacron Blue F3GA samples 
from a variety of sources contained as many 
as 15 colored components, and that different 
preparations did not necessarily contain the 
same individual components ( 13- 15). In 
those cases where no polydispersity was noted, 
it is not at all clear that the solvent systems, 
e.g., pure methanol (24), would be capable 
of resolving similar chromophores, and care 
should be taken in assuming that these dyes 
are pure. On the other hand, our experience 
indicates that TLC results for the chlorotri- 
azine dyes can be grossly misleading due to 
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FIG. 7. Visible spectra of Cibacron Blue and its precursors. (A) Bromaminic acid, (B) ASSO, (C) 
structure IIA, (D) structure m-IIIA, and (E) structure pIIIA. Solutions were approximately 1 micromolar 
in 10 mM phosphate buffer, pH 7.0, pathlength was 1 cm. (Bromaminic acid 2 pM) 

the strong catalytic reactions which increase We recommend the use of reversed-phase 
the number and concentration of hydrolysis paired-ion chromatography (PIC) for the 
product bands observed in these experiments. analysis of purity and identity of these dyes 
The source of these catalytic effects, observed in place of the traditional TLC methods. The 
on both alumina and silica TLC gels, may PIC method has proven extremely reproduc- 
involve residual metals, ionic sites, and the ible and has shown virtually no catalytic 
nature of the binder used in plate manufac- effects, in contrast to the TLC methods. The 
turing. The latter aspect probably also plays PIC method provides excellent separations 
a significant role in the success of the actual of the dye components in both isocratic and 
separation of the components in the dye gradient elution modes on the basis of vari- 
preparations as evidenced by the poor per- ations in the hydrophobicity and ionic charge 
formance of the widely cited Weber TLC density and distribution of the solute dyes. 
procedure (13) on our plates. The TLC bind- In addition, quantitation is far simpler in the 
et-s are not the sole problem, as similar HPLC method than in TLC. 
difficulties were noted in attempts to separate The chromatographic retention volumes 
the dye preparations by HPLC on silica and of the dye intermediates in the PIC method 
alumina gels. Far more reproducible separa- are consistent with expectations based on the 
tions were obtained on reversed-phase sup structures of the components and the antic- 
ports, using ion-pairing reagents to achieve ipated results of the synthetic scheme in Figs. 
retention, suggesting that the source of these 2 and 3. ASS0 is more retained than either 
catalytic effects are either masked or are bromaminic acid or DABS by virtue of the 
removed through the preparation of a hydro- increased hydrophobicity of the added ring 
carbonaceous bonded phase. structure and the increased interaction of 
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both sulfonates with the ion-pairing agent 
adsorbed on the support (23). Addition of 
the dichlorotriazine ring to yield IIA results 
in a large increase in retention due to the 
hydrophobicity of the dichloro ring and pre- 
sumably due to silanophilic interactions be- 
tween the ring nitrogens and residual silanols 
(24). The decrease in retention for the meta 
and puru isomers of IIIA is consistent with 
steric constraints restricting the degree to 
which the sulfonates can all simultaneously 
interact with the surface-adsorbed ion-pairing 
reagents assuming a dynamic ion-exchange 
retention scheme (23). Hydrolysis of a chloro 
group to a hydroxyl group decreases retention 
not only through the decrease in the overall 
hydrophobicity of the substituent, but also 
from the possibility of ionization of the hy- 
droxyl group whose pK, may be near neu- 
trality (25). 

The reproducibility of retention volumes 
in paired-ion chromatography is heavily in- 
fluenced by the pH and the ionic strength of 
both the injected sample and the mobile 
phase. The effect of pH changes on the fully 
chlorinated triazines is expected to be slight 
over the pH range above approximately pH 
5 since the pK, values of the sulfonic acid 
and amine groups in Cibacron Blue should 
be less than approximately 1 and 4, respec- 
tively. Under these conditions both the amine 
and the sulfonate groups should be fully 
deprotonated above pH 5, and no net change 
in the degree of ionization should affect 
retention in this region. This is consistent 
with the results obtained in 10 mrvr acetate 
(pH 5.0)- and phosphate (pH 7.0)-buffered 
TBAC mobile phases. Hydroxytriazines, 
however, may be partially or fully ionized in 
this region and thereby show a decrease in 
retention. An increase in ionic strength sim- 
ilarly decreases the retention of ionic species 
due to the partial blocking of ionic interac- 
tions between solute anions and adsorbed 
TBAC molecules. Thus for samples with 
increased pH and ionic strength, it is expected 
that the sample solutes will experience less 
net interaction with the stationary phase at 

the head of the column until the unretained 
sample solvent bolus has been completely 
resolved from the solute band. The net effect 
is that there can be some differences in the 
actual retention of solutes injected as samples 
with different pH or ionic strength. The effect 
is expected to be more apparent on highly 
retained solutes and upon the hydroxytri- 
azinyl derivatives. This is observed in the 
case of structure IIA in which the retention 
varies between approximately 24 and 25 ml. 
This problem is particularly manifested in 
the interpretation of hydrolysis experiments 
in which the hydrolysis is carried out in 0.5 
M base, followed by neutralization, so that 
even after dilution the neutral salt/solute 
ratio in the chromatographic samples was 
still higher than for the unhydrolyzed samples. 
In addition, commercial preparations of the 
dyes are packaged with up to approximately 
50% by weight phosphate buffer, which may 
vary both the hydrolysis pH as well as that 
of the final sample. As a result, it must be 
understood that the retention volumes and 
capacity factors reported in Table 1 for struc- 
ture IIA and the hydroxytriazines are only 
approximate values and that some variation 
between runs was expected and observed. In 
most cases the variations in the solute reten- 
tion was small relative to the selectivity be- 
tween nearest peaks, so that identification of 
peaks by retention volume was not compro- 
mised, although the exact identification of 
peaks whose isocratic retentions were less 
than 5 ml is less well defined. 

The resolution of the dye components in 
this work was also found to be fairly inde- 
pendent of changes in the size or geometry 
of the quaternary ammonium salt used as 
the ion-pairing agent. Similar results were 
obtained using decyltrimethyl and hexadec- 
yltrimethyl ammonium chlorides, although 
the actual retentions varied in these cases. 
Tetramethyl and tetraethyl salts did not pro- 
vide sufficient retention or resolution of all 
the components. Bromide and iodide quater- 
nary salts were also found to be unsatisfactory, 
consistent with expectation (26). Chromato- 
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graphic samples prepared without an excess 
of ion-pairing agent or in solute concentra- 
tions in excess of the column capacity often 
yielded low-retention ghost peaks, which were 
easily identified by increasing the ion-pairing 
agent concentration in the sample and by 
decreasing the solute concentration injected 
onto the column. 

The PIC results obtained in this work 
emphasize the degree of impurity of the 
commercial dye preparations and the general 
confusion regarding the actual identities of 
the dyes themselves, The widely reported 
structure of Cibacron Blue F3GA was deter- 
mined by Panchartek et al. (22) to consist of 
a mixture of the two sulfonic acid isomers of 
structure IIIA shown in Fig. 1. This structure 
has been assigned the dye Constitution Index 
number 6 12 11, and has also been reported 
as that of the dyes sold commercially as 
Reactive Blue 2 and Procion Blue HBS (27). 
Our identification of the major component 
in the current commercial preparations of 
Cibacron Blue F3GA as the dichlorotriazinyl 
dye IIA contradicts the structure determined 
by Panchartek et al. (22) based on the dye’s 
patent description and on hydrolysis experi- 
ments. This discrepancy probably results from 
changes in the commercial manufacturing 
processes instituted subsequent to the Pan- 
chartek study which have resulted in incom- 
plete reaction conditions for the second sub- 
stitution step, or from a decision to alter the 
production scheme by eliminating the second 
triazinyl substitution. In the latter case such 
a decision may have been prompted by the 
increased reactivity of the dichloro dye rela- 
tive to the monochloro dye, while the struc- 
tural changes would have resulted in little 
difference in the textile dying applications 
which made up the primary market for the 
dye. Since studies investigating the depen- 
dence of the biological interactions upon the 
dye structures have used the structure given 
by Panchartek et al. (22) for Cibacron Blue, 
e.g., (9,12,28-32), errors in correlating the 
sources of these interactions with structure 
may have been made if the dye samples 

corresponded to the currently available prep- 
arations. It is entirely possible that the prep- 
arations of Cibacron Blue F3GA used in the 
above-noted studies did correspond to the 
structure of Panchartek, but our results in- 
dicate that this should not be taken for 
granted. In addition, even after immobiliza- 
tion for affinity studies, the potential for 
undesired further reactions still exists for the 
dichlorotriazinyl dye. These could result in 
undesired nonspecific adsorption of amine 
and hydroxyl compounds on the dyes. These 
problems would not be anticipated on the 
basis the monochloro dye structure of Pan- 
chartek, but should be considered. 

In addition, the dichlorotriazine dye shown 
as structure IIA in Fig. 1 has been reported 
variously in the affinity chromatography lit- 
erature as Procion Blue M-3GS (33) and by 
Dean and co-workers as Procion Blue MX- 
3G (1,28,29), although in another source 
Procion Blue MX-3G is reported to contain 
an extra sulfonate group on the anthraqui- 
none ring (30), while in (5) structure IIA is 
misidentified as Procion Blue MX-R. The 
overall decreased retention of the peaks in 
the Procion Blue MX-3G dye sample relative 
to that of the IIA peak in the Cibacron Blue 
sample, as shown in Figs. 6a and b for 
gradient elution experiments, suggests that 
the Procion Blue MX-3G sample is not com- 
posed of structure IIA, and raises questions 
concerning the validity of conclusions made 
upon the assumption of structure IIA. The 
stronger retention of the blue I-amino4- 
(4’-aminophenylamino)-2,3’-anthraquinone- 
disulfonic acid chromophore (structure IA, 
Fig. l), denoted variously in the literature as 
ASS0 ( 12) and sulfoparablue (3 I), further 
suggests that the polysulfonated anthraqui- 
none dye structure in (30) is more likely for 
this Procion Blue MX-3G sample. From Fig. 
6c it is also clear that the assignment of 
structure IIA to Procion Blue MX-R in (5) 
is also mistaken. 

The heavy reliance on chromatographic 
methods in the determination of the identities 
of individual components is a result of the 
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difficulties involved in the spectroscopic 
identification and characterization of these 
dyes due to a variety of chemical and physical 
properties. Infrared spectra of the two major 
fractions isolated from commercial prepara- 
tions of Cibacron Blue F3GA (IIA and (OH)- 
IIA) obtained from KBr pellets show the 
characteristic pattern for a 1 ,Cdiaminoan- 
thraquinone-2-sulfonic acid (34), but provide 
little other structurally diagnostic informa- 
tion. Proton NMR spectra of the dye com- 
ponents in deuterated solvents were found to 
vary from run to run. The general patterns 
and integration studies of the spectra obtained 
from the two major fractions of Cibacron 
Blue F3GA in the region of 7-8.5 ppm were 
consistent with the signals expected from the 
primary amino and the eight ring protons in 
IIA and (OH)-IIA (35). Secondary amino 
protons yield signals considerable farther 
downfield (35). The difficulty in exactly in- 
terpreting the details of the NMR spectra 
and the variation between runs is believed to 
result from a strong concentration and pH- 
dependent self-association phenomenon of 
the dye. This self-association has been pre- 
viously reported in the strong nonlinearity in 
Beer-Lambert law plots for Cibacron Blue 
F3GA (3 1). The nonideality is greatly reduced 
in solvents of high ionic strength, e.g., 0.1 M 

sodium phosphate buffer, pH 7.0. The sul- 
fonated dyes did not melt or decompose 
below 300°C so that electron impact mass 
spectrometry did not yield structural infor- 
mation. 

The purification of commercial prepara- 
tions of the triazine dyes from added buffers, 
stabilizers, and fillers has been reported by 
precipitation techniques (30,36,37). These 
techniques were found to be necessary pre- 
steps when commercial preparations were 
reacted, as in the hydrolysis studies. Semi- 
preparative-scale purification of individual 
dye components TLC or by silica or hydrox- 
ypropylated sepharose column chromatog- 
raphy have been reported (13,14,38) to isolate 
fractions from Cibacron Blue F3GA prepa- 
rations. In these cases the actual components 

were not positively identified or characterized. 
The purification scheme for Cibacron Blue 
F3GA given by Weber et al. (13) was found 
useful for separating dichloro IIA from its 
monohydroxy form. Alumina-based separa- 
tions were even more selective, although on 
the alumina supports strong adsorption or 
covalent bonding of the blue dyes to the 
support occurred in some instances and the 
partially modified surface may have been 
responsible for the high separation efficiency 
we observed on the alumina phase. In our 
studies fractions obtained from semiprepar- 
ative chromatography on silica and alumina 
columns were generally pure when analyzed 
by HPLC, although some surface catalytic 
activity did form secondary bands which 
needed to be resolved. In addition, semipre- 
parative PIC separations can be applied to 
the separations of solutes with varying charge 
density. In general the ambiguities in the 
purity and structure in the commercial prep- 
arations discourage us from continued puri- 
fications of commercial preparations. In-lab 
syntheses of these dyes are relatively straight 
forward and the products and purification 
needs are simpler and better defined. These 
same purification procedures can then be 
readily adapted to the specific needs of a 
given reaction step. 

CONCLUSIONS 

In this work we have presented a method 
of analyzing the purity of commercial prep- 
arations of anionic triazine dyes used as 
affinity chromatographic ligands. The use of 
reversed-phase paired-ion chromatography 
can resolve the various dyes and intermedi- 
ates, and can be used in some cases to purify 
the dyes. Silica gel and alumina TLC sepa- 
rations of the dyes were found to be less 
reliable and in many cases overemphasized 
the heterogeneity of the dyes. Commercial 
preparations of Cibacron Blue F3GA con- 
tained almost exclusively the dichlorotriazinyl 
analog of Cibacron Blue or its monochloro- 
monohydroxytriazinyl hydrolysis product, 
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and very little of the purported monochloro 
dye. The actual Cibacron structures can be 
readily synthesized and purified to yield the 
meta and para isomers of the monochloro 
dyes. If commercial preparations of these 
dyes are to be used in affinity work, careful 
analysis of the purity and structural compo- 
sition of the preparations is mandatory. 
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