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Abstract

A new green thin layer chromatographic system c@img of biphasic alumina-keiselguhr (1:1)
as stationary phase and equal volume mixture of (W) aqueous solution of cationic
surfactant (cetylpyridinium bromide) and nonioniarfactant (Brij-35) in 1:1 ratio as mobile
phase has been proposed for the analysis of ianiorfic and cationic) dyes. From the point of
view of resolution of dyes, mixed alumina-keiselglias been found more effective than it's
individual components. In the same way, synergigtwben cationic and nonionic surfactant
proves to be more efficient for the separation yésdfrom their quaternary mixture than the
individual surfactants. Effect of presence of heawtal cations as impurities in the sample on
the separation was examined. The limits of detactib bromocresol green, malachite green,
rhodamine B and congo red were 0.27, 0.19 , 0.8d 0a23 g respectively. Chromatographic
parameters likARg, separation factom and resolution (B were calculated for the separation
of bromocresol green- malachite green- rhodamimmemgo red. The proposed method is simple,
rapid and free from the use of volatile organio/eats.

Key words: Thin layer chromatography, surfactant, green ekjesgparation, dyes.

Introduction

Identification of a commercial dyestuff as a knoslye or mixture of dyes is important for users

of dyestuffs, public analysts and chemical exansiniarcustoms laboratories. Because of the
very large number of dyestuffs marketed under almaiger number of names, the problems of
identification and analysis have become exceediogiyplex.

Thin layer chromatography (TLC) has rapidly grown ifs status in recent years and has
emerged out as an indispensable analytical techrfurapid and efficient analysis of a variety

of substances in complex matrices including agrotbals [1,2], amino acids [3-5] and
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synthetic dyes [6-8]. Amongst the methods availdblethe analysis of synthetic dyes, TLC
(both normal and reversed phase) is the most ussthhique due to (i) low cost, (i) minimal
sample clean up, (iii) wider choice of mobile pladqev) flexibility in sample detection, (v) high
sample loading and (vi) easy handling.

Most of the reported TLC methods for the analysiglyes involve the use of mixed organic
solvent systems containing methanol, acetone, ethbatanol, ethyl acetate and hexane as one
of the components whereas little work has beenrtegmn the use of micellar mobile phases [9-
11]. Surfactants modified TLC is a promising mettaodi has found wider applications [12-19].
An interesting study on the use of aqueous micaltdutions as mobile phase systems in RP-
TLC of fluorescein dyes was reported by Shtykowale{11]. Their study reveals the following
facts.

(a) Micellar mobile phases (MMP) based on ionidigcac and anionic) surfactants are suitable
for the separation of dyes.

(b) Compared to use of conventional organic aquenabile phase, separation with MMP is
quicker and more convenient.

(c) Micellar mobile phases comprising of cetyltrtmgammonium bromide (cationic surfactant)
and sodiumdodecyl sulphate (anionic surfactantvarg useful in promoting spot compactness
and mobility of dyes enabling better separatiopaifs of dyes.

In most commercial applications, mixtures of sudats, rather than individual surfactants, are
used. In some other cases, different types of cariés are purposely mixed to improve the
properties of the final product. Although the esrmste of synergistic relations between certain
types of surfactants has been known and utilizedni@any years, the investigation of synergism
in TLC is a recent development based upon a simpb@venient method for measuring
molecular interactions between surfactants. Allrthigtures of surfactants show more attraction
(or less repulsion) after mixing. To our surprigespite of several advantageous features such as
non-toxicity, non volatility, non-inflammability, on-aggressiveness, high-biodegradability and
cost effectiveness, full potential of mixed suréadtsystem as an eluent for TLC analysis of
dyes has not been exploited.

The aim of this study was to develop new envirortalefniendly TLC systems comprising of
surfactants as green eluents for studying the ntylpattern of dyes and selection of the best
possible combination of stationary and mobile phafse the resolution of dyes from their
binary, ternary and quaternary mixtures. Surfastaotutions at concentration level above their
critical micellar value (CMC) were deliberately dsbecause above CMC value, surfactants
form micelles which selectively solubilize hydrofiiioand hydrophilic compounds.

Materials and M ethods

Experimental
All experiments were performed at 30 %1
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2.1 Apparatus:

A thin layer chromatographic applicator (Toshniwabia) was used for coating layer materials
(silica gel, alumina and keiselguhr and their bynanixtures ) onto 20 cm x 3 cm glass plates.
The chromatography was performed in 24 cm x 6 casgjars. Tripette (Werthlin, Germany)
was used for spotting of analyte.

2.2 Materialsand Methods:

Anionic dyes (Xylenol orange, D1; bromocresol greBg; congo red, D3; alizarin red S, D4;
pyrocatechol violet, D5), and cationic dyes (maitcigreen, D6; methylene blue, D7; brilliant
green, D8; rhodamine B, D9; crystal violet, D10)rev@urchased from CDH, India. Silica gel
‘G’, alumina (neutral), keiselguhr ‘G’, sodium demkolate (NaDC), Brij-35, Brij-78,
cetylpyridinium bromide (CPB), cetylpyridinium chide (CPC), cetyltrimethyl ammonium
bromide (CTAB), acetone, butanol, and formic acetevfrom Merck, India.

2.3 Test solutions:
All dyes except xylenol orange 0.2% (w/v) were uasd.1% (w/v) solutions in water plus
methanol (1:1).

For metal cations ( Zfi, Cd™, Ni?*, Cc*, Fé") — 1% (w/v) solutions of their chloride, nitrate,
or sulphate salts were used.

2.4 Stationary phases:

Code Composition
S1 Silica gel ‘G’
S2 Alumina neutrdl’*
S3 Keiselguhr ‘G’
S4 Alumina + Keisely (1:1)
2.5 Mobile phases:
Code Compostion
M1 1% (w/v) Aqueous CPB
M2 1% (w/v) Aqueous NaDC
M3 1% (w/v) Aqueous Brij-35
M4 M1 + M3 (1:1)
M5 1% (w/v) AqQueoG®C + M3 (1:1)
M6 1% (w/v) Agous CTAB + M3 (1:1)
M7 1% (w/v) Aqueous CPB + Brij-78 (1:1)
M8 M4 + acetone (1:1)
M9 M4 + formic acid (1:1)
M10 M4 + butanol (1:1)

2.6 Preparation of TLC Plates:

The desired stationary phase (20 g) was homogentdd 60ml double distilled water by
constant shaking for 5 min. and the resulting glwas coated immediately onto 20 cm x 3 cm
glass plates as 0.25 mm thick layer by means oL@ doater (Toshniwal, India). The plates
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were dried at room temperature. After drying, thetgs were activated by heating at 100°€ 1
for 1h in an electrically controlled oven. Aftertaation, the plates were cooled to room
temperature and then stored in a closed chamb&c)®@fore use.

2.7 Procedure:

Thin layer chromatography was performed on plafesilica gel, alumina, keiselguhr and their
mixtures in different ratios in glass jars. Teslusons (0.050 ul) were applied by means of a
tripette (Werthlin, Germany) 2 cm above the lowdge of the plates. The spots were dried at
room temperature (30°C). Chromatography was peddrin 24 cm x 6 cm glass jars with lids.
Chambers were presaturated with mobile phase vdpodiO min. before introducing the plates
for development. The plates were developed in thesen solvent system by the ascending
technigue. The solvent ascent was fixed 10 cm filwenpoint of application in all cases. After,
development, the plates were withdrawn from glass and dried at room temperature, dyes
were detected visually according to their origicalour. The retention sequences of dyes by
different stationary phases under different expental conditions were measured in terms of
retardation factor (i.e. Rvalue). For determining Rvalue, the R (Rrof leading front) and R
(Rr of trailing front) values of each spot were detiewd and overall Rvalue was calculated as:

Re = (RL+ RT) x 0.5

2.8 Separation:

For the mutual separation, equal volumes (1 ml eathlyes to be separated were mixed and
0.05 pl of the resultant mixture was loaded ont gblected stationary phase. The plates were
developed in aqueous solution of surfactants asilen@hase (M1-M4), the spots were self
detected due their inherent colour and they&ues of the separated dyes were determined.

2.9 Effect of metal cations:

Dyes being amphipathic molecules, their chromagggmabehaviour is supposed to change in
the presence of metal cations. Therefore, it wHsaferthwhile to observe the effect of heavy
metal cations (Zfi, Cd*, Ni**, C*, F€") as an additive on the separation of quaternary
mixtures of dyes. For investigating this, an alig(05 uL) of additives (1% aqueous solution)
was spotted along with the mixture (0.050 pL) oéslyand chromatography was performed as
described earlier. The spots were self detected thadR:- values of separated dyes were
determined.

3.0 Chromatographic Parameters:

The stability of the colour intensity of dye spats the chromatogram was observed visually.
The developed chromatoplates were protected frght and the spot intensities were compared
visually after every 12 h for a period of 100 h.

To investigate the stability (ageing effect) of tobe of dyes under study, the mixture (binary,
ternary and quaternary) was chromatographed agilkedcearlier after every 24 h for the
duration of 10 days under similar experimental ¢ools. The R values of dyes so obtained
after every 24 h interval were compared with th&ues obtained from the freshly prepared
mixture of dyes.
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The reproducibility of Rvalues was checked by determining theoRthe same sample by three
different analysts and by the same analyst on réiffite days under identical experimental
conditions, in the same laboratory, using same rapps

3.1 Effect of replacement of CPB with other cationic surfactants:

In order to examine whether the charge of the stafda or any specific moiety of surfactant is
playing role in the separation of dyes, CPB in Mdsweplaced by CPC and CTAB and the
resultant mobile phase (M5 and M6 respectively)ewvesed to chromatograph using S4 as
stationary phase.

3.2 Effect of replacement of Brij-35 with other anionic surfactant:

To study the role of carbon chain length of theiaoit surfactant in the separation process,
Brij-35 was substituted by higher member of the sas@ries i.e. Brij- 78 (M7) in the mobile
phase and chromatography of the mixture of dyespgg®rmed as described above.

3.3 Roleof organic additivesin the mobile phase:

Dyes, being organic molecules, their chromatog@jiehavior are supposed to change in the
presence of organic solvents in the mobile phakeréfore, to ascertain this, organic solvents
like acetone, formic acid and butanol was addettiénmobile phase M4 in equal proportion and
the resultant solutions M8, M9 and M10 respectiwedre used as eluent to study their effect on
the separation of quaternary mixture of dyes.

3.4 Limit of Detection:

The limits of detection of bromocresol green, mhaicgreen. Rhodamine B and congo red was
determined by spotting different amounts of thegesdn S4 TLC plates, developing the plates
with mobile phase (M5) and detecting the correspandpots visually. The method was
repeated with successively decreasing amounts ofmdxresol green, malachite green,
rhodamine B and congo red until no spot was dedecibe minimum detectable amounts of
these dyes were taken as limits of detection.

Results and Discussion

The results of this study have been summarizedainleb 1-4. The interesting features of this
study are:

i) Exploitation of the chromatographic property of mpe of two different adsorbents.

i) Enhanced separation efficiency of the eluent duthéosynergistic effect of the mixture of
surfactants.

iii) Absence of corrosive, volatile and toxic organieriicals in mobile phase thus making the
TLC study ‘green’.

iv)Mutual separation of dyes from their multicomponeniktures including the quaternary
separation of bromocresol green-malachite greesdaimine B-congo red.

v) Study of various chromatographic parameters.

vi)Application of the proposed chromatographic system.
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In order to examine the mobility sequence of dymsadsorbents of different/varying nature,
dyes were chromatographed on plain silica gel ‘S1)( plain alumina ‘G’(S2), and plain
keiselguhr ‘G’ (S3) using 1% (w/v) aqueous solusiamf cationic (CPB, M1), anionic (NaDC,
M2) and nonionic (Brij-35, M3) surfactants as eligefiResults obtained, shown in Table 1, were
as follows:

1) Silica gel (S1): When silica gel was employed to play the role tatisnary phase, except
bromocresol green, all dyes are strongly adsorbet remained at the point of application
irrespective of the charge of the eluent (M1-M3Yomocresol green showed reasonable
mobility with M2 (Rs = 0.51) and M3 (R= 0.43). Hence, for further studies silica gel was
used except for some separations.

2) Alumina (S2): On alumina, all anionic dyes except bromocreseleg remained near the
point of application. Bromocresol green produceldaspot with M1 (R= 0.64T) and compact
spots with M2 (R= 0.69) and M3 (R= 0.83) showing reasonable mobility and hencerit loa
separated selectively from other anionic dyes us@gor M3 as eluent. As far as cationic dyes
are concerned, all showeg R the range 0.30-0.63 with M1 as eluent. Excaptdamine B, all
other cationic dyes produced tailed spot eithéi W3 or with both M2 and M3.

3) Keiselguhr (S3): On S3-M1 TLC system, all dyes were showing ddfdgral migration

behaviour in which xylenol orange, bromocresol greend pyrocathecol violet achieved
maximum mobility whereas malachite green, brilliagteen and rhodamine B showed
intermediate mobility and the congo red and alizared S remained at the point of
application.However, methylene blue and crystaletiexhibits tailing. With M2 as the mobile
phase, all anionic dyes and one cationic dye (nmigix B) moved significantly. Malachite
green, brilliant green and crystal violet produdeded spot while methylene blue moved
slightly. With M3 rhodamine B (R= 0.53) can be easily separated from xylenol oramge
bromocresol green (RF= 0.95) s well as from aleotiyes (RF ~ 0.07-0.29) listed in Table I.

Tablel: Rg valuesof dyeson different stationary phases (S1-S3) with different mobile
phases(M 1-M 3)
R:

Silica gel (S1) Alumina (S2)| Keiselguhr (S3)
Dyes| M1 M2 M3 M1 M2 M3 M1 M2 M3
D1 |0.02 | 0.23T 0.25T|0.03 | 0.02 | 0.04 0.93 0.96 0.9
D2 |0.03 | 0.52 | 0.43| 0.6470.69 | 0.83 0.93 0.97 0.95
D3 | 0.05 | 0.207/0.08 | 0.05 | 0.06| 0.04| 0.07 0.77 0.12
D4 |0.04 | 0.05| 0.05| 0.04f 0.03 0.03 0.10 0.87 0{29
D5 |0.07 | 0.06 | 0.08| 0.06/] 0.07 0.05 0.86 0.88 0{13
D6 |0.03 | 0.04 | 0.05| 0.63] 0.3610.27T | 0.61 0.24T| 0.12
D7 |0.03 | 0.07| 0.06| 0.42] 0.2970.15T | 0.36T | 0.12 0.10
D8 |0.06 | 0.04 | 0.08| 045 0.80 0.25T 0.51 0.39T 0j11
D9 |(0.08 | 0.06 | 0.04| 0.46] 0.81 0.78 0.56 0.83 0{53
D10 | 0.04 | 0.03 | 0.06| 0.30710.30T|0.37T | 0.29T | 0.27T| 0.07

o1

o
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On the basis of the above results, it is clear thatpreferred order of stationary phases from
separation point of view of dyes is keiselguhr (S3jglumina (S2) > silica gel (S1). For
achieving maximum chromatographic performance, unetof alumina and keiselguhr in
various ratios as stationary phase were used fmaraBon purpose using mixed surfactants as
eluents.Thus, alumina was homogenized with keiselgu varying proportions (1:9, 2:8, 3:7,
4:6, 5:5, 6:4, 7:3, 8:2 and 9:1) and the resulgmtry was used as stationary phase. Similarly,
agueous solutions (1% w/v) containing CPB: Brij&t NaDC: Brij-35 in varying ratios (1:9,
2:8, 3.7, 4:6, 5:5, 6:4, 7:3, 8:2 and 9:1) wereduseexamine the mobility trend of all dyes. From
this study, alumina:keiselguhr (1:1, S4) and CPRBj-8 (1:1, S5) was selected as the best
possible combination of stationary phase and maopiilase for the resolution of quaternary
mixture of dyes into it's individual components. @hmixture containing bromocresol green-
malachite green- rhodamine B-congo red was chragnapded with this most favourable TLC
system, all four components migrated differentiafigulting in their separation. (Fig.l)

O == Bromocresol green
O ——— Malarhite sreen

B
=
O —r— FEhodamine B
0 —|— Congo red
= B —1 point of application
7
[}

Fig. |. Separation of dyes from their mixture (bromocresol green-malachite green-
rhodamine B-congo red) on biphasic alumina-keiselguhr (1:1) as stationary phase and
equal volume mixture of 1% (w/v) aqueous solution of cetylpyridinium bromide and Brij-
35in 1:1 ratio as mobile phase.

Various chromatographic parameters for this sejmarasuch a\Rr, a (separation factor) and
Rs (resolution) were calculated using the followirggations:

ARF (bromocresol green — malachite gree?)RF (bromocresol greeny” F‘)F (malachite green)
ARF(malachite green — rhodamine B) RF (malachite greenj~ RF (rhodamine B)
ARF(rhodamine B — congo red S) F\)F (rhodamine B)™ R: (congo red S)
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o= K(bromocresol greeAK(maIachite green)

where IQbromocresol greeny (1'R:(bromocresol greeA)RF(bromocresoI gree})
and

K(malachite greeny— (1'RE(maIachite greeARF(maIaehite greea)

o= K(malachite greeAK(rhodamine B)

where Ithodamine B)— (1'RE(rhodamine Bs RF(rhodamine B)

o= K(rhodamine BSK(congo red S)

where IQcongo red Sy— (1'&(congo red 51) RF(congo red §)

Rs = X/0.5 (dy) + d2)

where X = ARr X 1, | is the migration distance of mobile phakg and ¢ were the spot
diameters of two consecutive spots.

Table 1l list the various parameters calculatedtfos separation and from the table, it is clear
that satisfactory separation has been achieved wdmpared with the standard values.

Tablell: Valuesof different chromatographic parameters calculated for three pairs of the
quater nary separation (Data taken from Fig. )

Dyes A Re o Rs
Bromocresol green — malachite green 0.19 6 2.1
Malachite green — rhodamine B 0.25 3 1.9
Rhodamine B — congo red S 0.31 4 1.8

In addition to the quaternary separation, importagarations of binary and ternary mixtures of
cationic and anionic dyes have been achieved wlffgrent combinations of stationary phases
(S1-S3) and mobile phases (M1-M3). Some of suchrs¢ipns are listed in Table Il and III.

Stability is an important and essential aspectadiiation in thin layer chromatographic analysis.
Highly sensitive samples should not decompose duilgvelopment of the chromatogram and
should be stable in-solution and on the adsorbEm. intensity of spots on the chromatogram
should be constant at least for 1 h. In our caeeghrange in the intensities of the spots was
noticed during the storage of developed platestepted from light for periods upto of 72 h,
indicating good stability of the mixture.

Because no difference in the RRalues of dyes was observed when theiwv&ues obtained from
the freshly prepared solutions were compared vhitse obtained on consecutive thirty days, it
was concluded that the mixture of dyes were sffity stable.
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Another important property of the method is itsrogjucibility, defined as the precision under
different conditions, for example when the methaaswperformed by different analysts and by
the same analyst on different days. The variatioRd values of individual dyes measured by
three different analysts and by the same analyshae different days did not differ by more
than = 5% from the average Ralue indicating a good reproducibility.

When CPB was replaced with CPC, no change in theilityopattern of four dyes in their
mixture was observed but in the case of CTAB, nitgbdf malachite green and rhodamine B
increased resulting in the loss of quaternary sejwaw/. This indicated that pyridinium group
was playing a major role in separation of dyes.

The substitution of Brij-35 by Brij-78 does not tgi change in the migration behaviour of these
dyes. It indicates that the effect of length of toghobic chain of nonionic surfactant is
ineffective.

As a result of enhanced solubility, organic adésivincreased the mobility of all dyes. This
factor reduces the magnitude of differential migmat of dyes and thus the separation
possibilities are reduced.

Anionic dyes bromocresol green and congo red plyssimed complexes with all the metal
cations, as a result of which theig fRalues decreased whilg- Ralues of cationic dyes remained
unchanged.(Table 1V)

TableV: Rg values of dyesin the presence of metal ionsasimpurities

Dyes Re Values

Metal cations | Bromocresol green Malachite green RhodarBi Congo red
Zn” 0.69 0.74 0.49 0.16
Cd”’ 0.47 0.71 0.54 0.06
Ni** 0.50 0.73 0.48 0.13
Co”* 0.63 0.76 0.52 0.11
Fe* 0.36T 0.79 0.53 0.10

The limits of detection of bromocresol green, mhaitecgreen, rhodamine B and congo red were
0.27, 0.19, 0.21 and 0.23 ug respectively.
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Tablelll: Resolution of two component mixturesof dyesinto individual components.

SP M.P Binary Separations Achieved
M2 | Selective separation oromocresol greefrom all other dyes except xylenol orange and caieg
Sl "Mi3" | Bromocresol gree— congcrec
M1 | Bromocresol gree— xylenol orangemalachite gree- brilliant green, Separation malachite green cmethylene blue o
brilliant green or rhodamine B from mixture of xgtd orange + congo red + alizarin red S + pyrodaikeiolet
2 M2 | Brilliant green- methylene blue rhodamine E- crystal violet
M3 | Rhcdamine B- methylene bluerhodamine E- malachite greerrhodamine E- brilliant greer
M1 | Selective separation xylenol orange from all cationic other dyxylenol orange- congo redxylenol orange- alizarin red S
congo red - pyrocatechol violet, congo red - taitigreen, congo red - rhodamine B, congo red lachide green
M2 | Congo rec- crystal violet,congo rec- methylene bluealizarin red S- crystal violet,alizarin red S- methylene bluealizarin
3 red S - malachite green, pyrocatechol violet -talygolet, pyrocatechol violet - methylene blpgrocatechol violet -
malachite green, malachite green - rhodamine Bhyiete blue - rhodamine B
M3 | Alizarin red S- rhodamine Bpyrocatechol viole- rhodamine Bbrilliant green- rhodamine Brhodamine |- crystal violet
TablelV: Resolution of three component mixturesof dyesinto individual components.
SP M.P Ternary Separations Achiev
2 M1 Mixture of (malachite green methylene blue) o(malachite green brilliant green) separated froxylenol orangecongo
red, alizarin red S or pyrocatechol violet
S3 M1 Xylenol orange- malachite gree- - alizarin red Sxylenol orange- malachite greel- congo redbromocresol gree-
malachite green - - alizarin red S, bromocresotgremalachite green - congo red, pyrocatechokvioimalachite green -
congo red, pyrocatechol violet - malachite greelizarin red S
M2 Xylenol orange- congo rec- methylene bluexylenol orange- congo re« crystal violet ,boromocresol gree- congo re«
methylene blue
M3 Xylenol orange- alizarin red S- crystal violet, bromocresol gree- alizarin red S- crystal violet,xylenol orange-
rhodamine B - congo red, xylenol orange - rhodarBinrelizarin red S, xylenol orange - rhodamineB/rocatechol
violet , xylenol orange - rhodamine B - malaclgteen, xylenol orange - rhodamine B - methylene bxylenol orange
- rhodamine B - brilliant green, xylenol orangtodamine B - crystal violet, xylenol orangdizarin red S -
methylene blue, bromocresol green - alizarin redr@thylene blue.
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Conclusion

Thin layer chromatographic system comprising ofraha:keiselguhr (5:5) as stationary phase
and mixture of 1% aqueous solutions of CPB and-&ijin 1:1ratio as mobile phase is most
suitable for the resolution of quaternary mixtufecationic and anionic dyes. Furthermore, to
make the process environmentally benign greemelile aqueous solution of surfactants has
been suggested for use in separation science.
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