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The paper is devoted to estimation of the presence of micellar front on the plates with
polar sorbent. It has been found that at elution by solutions of CPC and non-ionogenic
Twin-80 on the plates with polar silica gel three fronts are formed: first one is visually
observed front of solvent; second one is observed at UV-irradiation and corresponds to the
water solution of surfactant monomers and third one corresponds to micelles of surfactant
and is observed at erythrosine staining. The received results permit to describe the
mechanism of chromatographic separation of analytes, which differs from the mechanism
in micellar TLC with an non-polar stationary phase. It was shown that the process of
separation of substances with micellar mobile phase is complex from the viewpoint of
mechanism of separation: while initially substance is separated within three-phase system,
finally it became separated within two-phase system.

OleHeHO IPUCYTCTBUE MUILEIIAPHOrO (DPOHTA HA MIACTHHAX C IOJAPHBIM COPGEHTOM.
VeranosieHo, uto mpu saoupoanun pacrsopamu I[IIX u memomorenmsiM TBuu-80 Ha miac-
TUHKAX ¢ CHJIMKAreJeM IIpouCcXoauT obpasoBanue Tpex (PPOHTOB: IIEPBBIII — BU3YyaJIbHO OOHA-
Py:KuBaeMbIii ()POHT pacTBOpPUTENA; BTOPOU — Habmogaemsblli npu ¥ P-ocBeleHNN 1 OTHOCH-
miuiics K BOOHOMY pacTBopy moHomepoB IIAB m Tperuii — orHocammiica Kk muiesanram IIAB
U HaOJIOLaeMbIl IIPY OKPAIIMBAHUY 9PUTPOSUHOM. [losyueHHBIe Pe3yJIbTAThI JAOT BO3MOMK-
HOCTb OIIMCATH MEXAHM3M XPOMAaTOrpaduuecKoro pasieieHrs aHAJUTOB, KOTOPBIA OTINYAET-
ca or mexanuaMma B muieaaapuoit TCX ¢ memoaspHoii cramuoHapHoii ¢gasoii. [Tokasamo, uro
pasgesieHue BeIeCTB € MUILEJJISPHON IIOABMIKHON (ha3oil IIPOMCXOAUT B [OBYX CHUCTEMAaX:
BHAUaJle BEIeCTBO Pacipexeisercsa B TpexdasHoOil cucreme, 3aTeM B ABYX(DasHOI.

Cop011ia mOBepXHEBO-aKTHBHUX PEUYOBWMH Ha CIJIIKareji B yMOBaxX BHUCXiJHOI TOHKOIIA-
poBoi xpomartorpadii 3 mineaspaumu pyxomumu dasamu. JI.I1.J1ozinosa, [[.B.€damenio.

Ormineno mprCyTHICTL MillesapHOTO (PPOHTY HA TJIACTHHAX 3 TIOJAPHUM copbeHTOM. BeTaHoB-
JleHo, 1110 TpM eqfotoBaHHi posumHamm L[IIX Ta neionmoremnmm TBin-80 Ha mmacTuHKax 3 CuJi-
KarejeM BiZI0yBaeTbCA YTBOPEHHSA TPHOX (PPOHTIB: Mepmiuil PPOHT POSUYMHHUKA, IO BisyasibHO
BUABJISETbCA; APYruii — crocrepiraethbesa npu YP-onmpomiHeHHI Ta BifHOCUTHCSA X0 BOTHOTO
posuuny moHoMepiB ITAP Ta Tpetiit — Toii, 1o BigHocuTbesa no Mminen ITAP i cmocrepiraerbes
mpu 3abapBIOBaHHI epuTposuHOM. OTpUMAaHi Pe3yabTATU JAl0Th MOKJIUBICTL OTMCATH MeXaHi3M
xpomaTorpathiutHOro po3aileHHsa aHalisiB, AKi BigpisHaeTbea Bifg Mexanismy B minenapnift TIIIX
3 HETOJAPHOI cTarionapHoio (asoi. IlokasaHo, 110 PO3ALIEHHA PEYOBMH 3 MIIENAPHOIO PYXO-
Moo a0 BiIOYBAECTHLCA Y ABOX CHCTEMAX: CIIOUYATKY PEUOBUHA POSMOTINAETHCA y TPUQasHiil
cucTeMi, a TOTIM y JBO

hazHiii.
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1. Introduction

One of the promising fields of the thin-
layer chromatography (TLC) as liquid chro-
matography (LC) in whole in the few last
decades is connected with use of new type
of mobile phases — lyophilic nanodispersed
systems. Examples of the last include solu-
tions of surfactants with diphilic ions or
molecules able to self-aggregation in solu-
tions with formation of micelles and other
nano-sized surfactant aggregates (vesicles,
bilayers, admicelles, hemimicelles) [1].

Micellar solutions of surfactants were
proposed at first as mobile phases for TLC
[2] and High-performance liquid chromatog-
raphy (HPLC) [3, 4] by Armstrong et al.
Mobile phases of this type have a range of
practical advantages as compared to tradi-
tional for LC mixtures of solvents (micellar
solutions of surfactants are non-volatile,
uninflammable and non-toxic), and also pro-
vide new possibilities for control of selectiv-
ity of chromatographic separation [4].
Mechanism of chromatography in micellar
LC (MLC) supplemented by new interphase
processes — separation of substances be-
tween mobile phase solvent and pseudophase
of micelles with characteristics of separa-
tion individual for each substance.

An important factor determining the
specificity of chromatographic separation by
means of micellar mobile phases is surfac-
tant adsorption on the surface of stationary
phase during contact with mobile phase.
Due to diphility of surfactant monomers,
their adsorption is possible on the surfaces
of both polar (such as silica gel) and nonpo-
lar (such as grafted silica gel) stationary
phases.

As a result of surfactant adsorption from
mobile phase, properties of the surface of
the stationary phase change; for instance,
polarity can become as smaller (for silica
gel-based stationary phases), so greater (for
reverse phases). So, at use of micellar mobile
phase elution order can become reversed as
compared with elution of mixture of solvents
on the same initial stationary phase [5].

The fact that in planar chromatography
adsorption of surfactant on the stationary
phase leads to formation of two solvent
fronts was discussed already in the first
publications dedicated to use of micellar
mobile phases in TLC [6]. First front of the
solvent was attributed to the aqueous-sol-
vent containing surfactant monomers (at
concentration lower than critical micelle
concentration (CMC)), the second one, suffi-
ciently less mobile — to surfactant micelles.
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The boundary of the second front was ob-
served directly on the chromatogram at UV-
irradiation [6]. Later E.Sumina for visuali-
zation of the front of cationic surfactant
micelles of cetyltrimethylammonium bro-
mide has used metal complex of Sn (IV)
with pyrocatechol violet which is blue in
presence of micelles and red in premicellar
solutions containing only surfactant ions
[7].

The fact of formation of multiple fronts
in TLC was known earlier; this effect was
described for multicomponent mobile phases
of conventional type consisting of solvents
with different eluting power [8]. However,
in the case of the front of micellar pseudo-
phase the specificity of situation is deter-
mined by the fact that during the process of
chromatogram development aggregative
state of mobile phase changes and from ul-
tramicroheterogeneous it becomes homoge-
neous. This process must be accompanied by
changes in the mechanism of chroma-
tographic separation because the substance
eventually became separated not in the
three-phase (surfactant micelles — solution
of mobile phase — stationary phase), but in
two-phase system  without surfactant
micelles. So, the question arises, to what
extent separation of substances in planar
chromatography with micellar mobile phase
corresponds with well-known three-phase
model proposed by D.Armstrong for descrip-
tion of the processes in the MLC [9] that
does not suggest formation of the second
front.

The most part of experiments on TLC
separation of the substances with use of
micellar mobile phases were carried out on
the plates with non-polar or low-polar sta-
tionary phase [2, 7, 10]; observation of the
second front of the solvent is also related
mostly to these samples. Earlier we have
described micellar mobile phases providing
TLC separation for the number of sub-
stances on the most common plates with
polar stationary phase based on the silica
gel [5, 11]. In all these cases neither three-
phase model [9], nor other models of separa-
tion in MLC [12] turned out to be useful for
choice of factors having influence on the
retention of substances. So, despite the
premises of the model, characteristics of re-
tention of substances did not depend practi-
cally on the surfactant concentration in mo-
bile phase.

The objective of this paper consisted in
determination of the features of the micel-
lar pseudophase front formation as well as
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Fig. 1. Front of the micellar fraction of mobile phase on the chromatographic plates "Sorbfil”
PTSH-AF-A-UV (with erythrosine as developer). Composition of mobile phases is shown in the Table.

Table. Retardation factors for micellar pseudophase (third front) on the plates “Sorbfil” PTSH-

AF-A-UV
No Composition of mobile phases Efitp, fXSEf
1 1-1072 mol/l of Tween-80 0.37+0.02
2 1:1072 mol/l of Tween-80, 8 % (v/v) of 1-propanol 0.36+0.02
3 11072 mol/1 of Tween-80, 1 % (v/v) of 1-butanol 0.36+0.02
4 1:1072 mol/1 of Tween-80, 0.3 % (v/vv/v) of 1-pentanol 0.27+0.02
5 1-1072 mol/1 of CPC 0.20+0.01
6 5-1073 mol/l of CPC 0.12+0.02
7 1.107%* mol/l of CPC (premicellar range of concentrations) No line of the third front

its role in separation of substances under
conditions of ascending TLC with use of
micellar mobile phase and silica gel as sta-
tionary phase.

2. Experimental

In the work as stationary phases plates
for thin-layer chromatography Sorbfil UV-
254 (ZAO Sorbpolimer, Russia, 10x10 cm)
were used. For obtaining of mobile phases
surfactants cetylpyridinium chloride (CPC,
Merck, mass fraction of main component
99-101 %) and Tween-80 (AppliChem
GmbH, density — 1.074 g/cm3) with addi-
tives of aliphatic alecohols: 1-propanol (p.a.,
Makrohim), 1-butanol (p.a., Makrohim) and
1-pentanol (Reahim, p., additionally puri-
fied by distillation; fraction boiled at
78.5°C) were used. Ascending eluting was
carried out in glass chambers for chroma-
tography. For visualization of the front of
micellar pseudophase solution of erythros-
ine with mass fraction of 1 % was used.

3. Results and discussion

In the work micellar mobile phases with
composition chosen earlier for TLC separa-
tion of mycotoxins and parabens on the
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plates with silica gel were used [5], namely,
the solutions of cationic surfactant CPC,
nonionic surfactant Tween-80 with additives
of aliphatic alcohols or equimolar mixture
of CPC and Tween-80 at concentrations of
surfactant higher than CMC. For compari-
son at investigation of the solvent front po-
sition, solution of CPC with concentration
much lower than CMC was used as well
(Table).

During development of the methods of
separation and determination of mycotoxins
and parabens on the plates with silica gel,
chromatograms were analyzed at UV-irra-
diation with wavelength of 254 nm [5]. At
UV-irradiation of the plate with background
emission, line of the second front bordering
the region of emission with lower intensity
and situated slightly lower than the first,
visible front of solvent was observed [5].
Primarily this boundary, in accordance with
literature data, was attributed by us to
movement of the front of micellar pseudo-
phase [5]. However such interpretation be-
came discussable when independence of re-
tardation factors of separated substances on
surfactant concentration in mobile phase
was revealed [5]. So, the values of surfac-
tant concentrations in mobile phases [5]
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were chosen not from the reasons of selec-
tivity, but from additional requirements
(shape and size of chromatographic spots,
time of chromatogram development).

In the present work for visualization of
the front of micellar pseudophase erythros-
ine dye able to be bound by surfactant
micelles was used [13]. After scending elu-
tion with corresponding surfactant-contain-
ing mobile phase all plated were sprayed by
dye solution. Only lower part of the plate
became stained (Fig.). So, at elution with
micellar mobile phase on the plates Sorbfil
UV-254 three fronts are formed: the first
one, observed visually, corresponds probably
to the solvent (water). The second one, ob-
served at UV-irradiation, corresponds to
surfactant solution without micelles and is
similar to the actual front for mobile phases
consisting from organic solvents [8]. The
third front presented by the boundary of
erythrosine-stained region corresponds to
movement of micellar pseudophase retard-
ing sufficiently from the front of phase
(Fig.).

Front of the micellar fraction (third
front) is characterized by values of retarda-
tion factor Ry calculated in the same way as
the retardation factor of separated sub-
stances (Table).

As follows from the Table, distance
passed by pseudophase does not reach even
one half of the path length of the first
front, it increases at increase of CPC con-
centration as well as at transition from cat-
ionic CPC to nonionicTween-80 taken at the
same concentration and decreases at addi-
tion of 1-pentanol to micellar solutions of
Tween-80. If mobile phase contains the mix-
ture of nonionicTween-80 and cationic CPC
front of pseudophase of mixed micelles is
characterized by the same value of retarda-
tion factor as in the case of individual CPC
solutions with the same concentration.

Obtained data showing low mobility of
micellar pseudophase on the silica gel are
consistent with results obtained by D.Arm-
strong despite the fact that the last ones
correspond to reverse phase type of TLC on
the plates with polyamide sorbent and mo-
bile phase based on cationic surfactant.
Micellar pseudophase has made the second
front visible at UV-irradiation and situated
slightly lower than one half of the distance
from the start line to the line of the first
front. With increase of surfactant concen-
tration path length of the micellar front
also increases [14].
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Limited mobility of micellar pseudophase
under conditions of TLC is determined by
adsorption of surfactant on the silica gel at
ascending movement of mobile phase. The
features of adsorption of surfactants of dif-
ferent charge types on the surface of silica
gel were characterized in the papers of
A.Berthod, S.Parida et al. [15-19]. It is
well-known that cationic surfactants are
sorbed on the surface of silica gel as from
micellar, so from premicellar solutions [20].
Adsorption of cationic surfactants is deter-
mined first of all by electrostatic interac-
tion between ionic heads of surfactants and
active silanol groups on the surface of silica
gel and leads to neutralization of the sur-
face charge. Since hydrocarbon radicals of
adsorbed surfactant monomers turned out
to be oriented towards the solution, sorp-
tion is accompanied by surface aggregation
of surfactant due to hydrophobic interac-
tions between surfactant monomers [21].
Meanwhile, on the surface of silica gel com-
plex aggregates of surfactant molecules,
such as admicelles, hemimicelles, bilayers,
reverse hemimicelles are formed [20].

Adsorption of nonionic surfactant from
solution on the polar surface of silica gel is
determined by formation of hydrogen bonds
between silanol groups of silica gel and oxy
ethylene chains of nonioniec surfactant. So,
nonionic surfactants are sobbed on the silica
gel in the less degree then cationic ones.
Adsorption of nonionic surfactants is de-
scribed by sorption isotherm, which initial
stage looks like the Langmuir monomolecu-
lar adsorption isotherm, while at increase of
surfactant concentration less ordered occu-
pancy of the surface typical for polymolecu-
lar adsorption takes place [21].

Adsorption of cationic and nonionic sur-
factants on the silica gel depends on the
number and strength of adsorption centers:
surface aggregation accompanies adsorption
of surfactants on the strong adsorption cen-
ters of silica gel [20, 21].

So, as in the normal phase, so in the
reverse phase type of TLC at ascending
eluting "layering”™ of micellar mobile phase
similar to the processes described earlier for
multicomponent mixtures of solvents in
common TLC [8] takes place.

From the viewpoint of low mobility of
micellar fraction and position of its front it
can be deduced why the mobility of sepa-
rated substances did not change at variation
of surfactant concentration in mobile phase,
for instance, at parabenes separation [5]. As
mobile phase micellar solution of 1.1072 mol/1
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of Tween-80 containing 0.3 % (v/v) of 1-
pentancl was used. Sequence of chroma-
tographic zones of methyl-, ethyl-, n-propyl-
and n-butylparabenes corresponds to the re-
verse type of TLC: the least movable was
hydrophobic n-butylparabene (logKO/w =
3.60 [22]), the most movable was the least
hydrophobic methylparabene (logKO/w =
1.95 [22]). Parabenes are partially bound by
micelles of nonionic surfactant; so, loga-
rithms of their constants of binding by
micelles Bridge-35 are from 2.09 (methyl-
parabene) to 2.50 (n-butylparabene) [22]).
At elution of parabenes by micellar solu-
tion of 1.0-1072 mol/l of Tween-80 contain-
ing 1l-pentanol, front of micellar pseudo-
phase is observed at Ry = 0.27 (Table), while
for the most retained butylparabene R, =
0.42. Zones of all parabenes are reveafed
above the line of the front of micellar frac-
tion, so after some time, separated sub-
stances moved not with micellar mobile
phase, but with solution containing surfac-
tant monomers (the last hydrophobize the
surface of silica gel). At the same time from
the processes determining the retaining of
parabenes is excluded the separation of
parabenes between solution and micelles of
mobile phase, in this case concentration of
micelles and so concentration of surfactant
loses its influence on the retaining of sub-
stances. Moreover, practically the same val-
ues of R; were observed at eluting of para-
benes by solutions of surfactants with con-
centrations in the premicellar range [5].

4. Conclusions

Under conditions of ascending TLC with
use of micellar mobile phase (solutions of
CPC cationic and Tween-80 nonionic surfac-
tants) and silica gel as stationary phase suf-
ficient retardation of micellar fraction of
mobile phase occurs which is determined by
adsorption and surface aggregation of the
surfactants on the silica gel. At ascending
elution by solutions of CPC and nonionic
Tween-80 on the plates with silica gel and
UV-coating formation of three fronts is ob-
served: first one is visually observed front
of solvent; second one is observed at UV-ir-
radiation and corresponds to the solution of
surfactant monomers and third one corre-
sponds to micelles of surfactant and is ob-
served at erythrosine staining.

Distance passed by micellar pseudophase
does not reach even one half of the free
path of the first front and increases at in-
crease of CPC concentration. In compliance
with adsorption specificity for cationic and
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nonionic surfactants on the silica gel, front
of micelles for nonionicTween-80 is higher
than the front of cationic micelles of CPC
and mixed micelles of CPC-Tween-80.

Substances, for which retaining does not
depend on the concentration of surfactant
in the mobile phase are eluted above the
line of the third front. So, at some moment
of eluting micelles of mobile phase are ex-
cluded from the processes of substance sepa-
ration. As result, process of TLC separation
of substances with micellar mobile phase is
complex from the viewpoint of mechanism
of chromatographic separation: at the first
stage substance is separated within three-
phase system (part of mobile phase-surfac-
tant micelles of mobile phase-stationary
phase covered by surfactant aggregates),
while at the second stage — within two-
phase system (mobile phase-stationary phase
hydrophobized by adsorbed surfactant
monomers).
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