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FLUORESCENCE CHARACTERISTICS OF FLUORESCEIN AND EOSIN Y SOLUTIONS
IN WATER-MICELLAR SURFACTANT MEDIA

The effect of cationic, anionic and nonionic surfactants on the fluorescence properties of fluorescein and eosin Y aqueous solutions
has been investigated. It has been found that sodium dodecyl sulfate does not affect the position of the maximum wavelengths of solutions
of fluorescein and eosin Y in the study of the effect of an anionic surfactant on the fluorescence emission intensity of dyes. The intensity
of the signal of the dye solutions when changing the concentration of anionic surfactant changes little. As the concentration of non-ionic
surfactant increases, the fluorescence emission intensity of the fluorescein solutions decreases. In contrast, with increasing
concentration of Triton X-100, there is an increase in the signal intensity of solutions of more hydrophobic eosin Y with subsequent access
to the "plateau” at Crx.10025.1 - 10-2 mol/L. The position of the maxima fluorescence emission wavelengths for the fluorescein solutions in
the 0-1.0 - 10°° mol/L range of concentrations of cationic surfactant cetylpyridinium chloride remain unchanged. The position of the
maxima shifts to the long-wavelength region of the spectrum at higher concentrations of CPC. The nature of the position dependence of
the fluorescence emission maxima of eosin Y solutions in the presence of cationic surfactants is similar. The effect of fluorescence
quenching has also been shown in the study of the influence of organic substances of cationic nature on the signal intensity of fluorescein
solutions. It has been shown that the concentration dependence is linear in the 1.0-10°—4.0 - 10°'mol/L range of isoniazid molecule
concentrations. The data obtained can be implemented in the development of conditions and methods for the determination of

pharmacologically active substances of cationic nature by reaction with fluorescein in medicines.
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Introduction. Luminescence methods are widely used in
solving various scientific and applied problems in the fields of
chemistry, physics, biology, environmental monitoring and
medical diagnostics [1]. The advantages of the luminescence
method are the combination of high sensitivity and
expressiveness of determination with the possibility of non-
destructive control of biological environments and objects [2].
In recent years, surfactants have been increasingly used as
supramolecular media for analytical reactions. Advantages,
regularities, and methods of rational use of such systems
have been studied in detail for spectrophotometry [3]. At the
same time, it is known [4] that the use of supramolecular
solutions based on surfactants in luminescence methods
contribute to the increase of the quantum yield of fluorescence
and, accordingly, to the reduction of the detection limit of
different analytes [5].

Modification of organic reagents in premicellar surfactant
solutions due to association processes [6] is usually singled
out when discussing the chemistry of surfactants. On the
other hand, the effects associated with the course of
solubilization processes at surfactant concentrations above
the critical micelle concentration [7] are also distinguished.
Fluorescent reagents of different nature, charge, and
hydrophobicity are used in the determination of surfactants.
Thus, the effect of fluorescence quenching in the
fluorescein-cetylpyridinium chloride system in the screening
of lipopeptide-producing strains of Bacillus sp. used in [8].
The effect of surfactants of different types on the eosin Y
fluorescent properties is shown in [9]. The use of surfactant-
based systems often leads to improved quality of analytical
signal not only in the methods of molecular spectroscopy.
For example, the authors [10] attempted to remove color
from wastewater containing eosin dye using cloud point
extraction in the presence of nonionic Triton X-100.

Fluorescent reagents eosin Y and fluorescein are widely
used in spectrophotometric [11, 12], colorimetric [13, 14]
and fluorescence assays [15, 16], as well as in the study of
the nature of surfactant micelles [17, 18].

The influence of surfactants of different types and their
hydrophobicity on the fluorescence characteristics of
fluorescein and eosin Y solutions has been investigated in
the paper.

Reagents and methods. Widely used anionic xanthene
reagents fluorescein and eosin Y are used in the work as

fluorescent reagents (R). Cetylpyridinium chloride (CPC)
was used as the cationic surfactant. Ethonium, isoniazid,
and decamethoxine were selected from the analogs of
cationic surfactants. Sodium dodecyl sulfate (SDS) was
used as the anionic surfactant. The non-ionic surfactant
Triton X-100 (TX-100) was used to create an organized
environment. The reagents and surfactants used were
"Merck" and "Reachem". Solutions of reagents and
surfactants were prepared by dissolving the exact samples
in distilled water.

Fluorescence measurements were performed with a
Perkin Elmer LS55 fluorescence spectrometer. The pH was
controlled by the pH 340-meter with an ESL-43-07 glass
electrode.

Results and discussion. In the study of the effect of
acidity on the fluorescence characteristics of dyes, it was
found that for aqueous fluorescein solutions and in the
presence of cationic and anionic surfactants, the position of
the emission wavelength maxima (Amax) varies little in the
pH=1-12 range and Amax=516 nm. The shift of Amax to the
long-wavelength region of the spectrum is observed in the
presence of TX-100 and the position of the maximum
wavelengths in the whole pH range is 520 nm (Fig. 1).

400

200+

450 500 550 A, nm
Fig. 1. Fluorescence excitation (540 nm em.) and emission
(460 nm exc.) spectra of aqueous solutions of fluorescein
in the presence of TX-100 at different pH values.
CR=1.0-10'5 mol/L, CTX-100=3-4 . 10-2 mol/L.
1: pH=3, 2: pH=6, 3: pH=7, 4: pH=8, 5: pH=11
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The positions of emission maxima in the whole pH range
do not change significantly and Amax=538 nm for eosin Y
aqueous solutions and in the presence of anionic surfactant.
The positions of the fluorescence peaks are shifted to the
long-wavelength region of the spectrum in the presence of
non-ionic surfactant TX-100. The emission maximum is
observed at A=531 nm when the dye interacts with the
cationic surfactant.

It was found that the fluorescence emission intensity of
fluorescein solutions in the presence of surfactants is
minimal in the pH=1-3 range. The signal intensity increases
at pH=4-9 and reaches a "plateau" at pH>9.

The fluorescence emission intensity of eosin Y solutions
and such solutions in the presence of surfactants increases in
the pH=2-6 range with the further reaching of the "plateau”. The
maximum signal intensity is observed at pH=8-12.

Based on the data obtained, further studies of
fluorescein-based systems were carried out at pH=11.0 and
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eosin Y solutions at pH=10.0. The reagents are in solutions
in the form of dianions under these conditions.

It was found that sodium dodecyl sulfate does not affect
the position of the emission maxima of fluorescein and
eosin Y solutions in the study of the effect of an anionic
surfactant on the fluorescence emission intensity of dyes.
The intensity of the signal of dye solutions when changing
the concentration of anionic surfactant changes little.

The position of emission maxima of fluorescein solutions
is shifted to the long-wavelength region of the spectrum and

max=522 nm at C1x-100>5.1-102 mol/L in the presence of
non-ionic surfactant in the 0-1.7-102 mol/L concentration
range (curve 1 in Fig. 2a). The shift of Amax of eosin'Y
solutions into the long-wavelength region of the spectrum
is observed at a concentration of TX-100 greater than
1.7-10 mol/L. The position of the maximum fluorescence
emission reaches a value of 549 nm at Crx-10028.6-10-3 mol/L
(curve 1in Fig. 2b).
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Fig. 2. Dependence of position of the maximum wavelength (1) and intensity (2) of fluorescence emission of fluorescein (a)
and eosin Y (b) aqueous solutions on the concentration of TX-100. Cz=1.0 - 10° mol/L; pH=11.0 (a), 10.0 (b)

It was found that a decrease in the fluorescence
emission intensity of fluorescein solutions was observed with
increasing concentration of non-ionic surfactant (curve 2 in
Fig. 2a). In contrast, an increase in the signal intensity of
solutions of more hydrophobic eosin Y was followed by an
increase in the concentration of TX-100 with reaching a
"plateau" at Ctx-10025.1 - 102 mol/L (curve 2 in Fig. 2b).

The position of the maxima of fluorescence emission
wavelengths for the fluorescein solutions in the 0-1.0 - 10-°
mol/L concentration range of CPC remains unchanged and
Amax=517 nm. The position of the maxima shifts to the long-
wavelength region of the spectrum at high concentrations of
cationic surfactant (curve 1in Fig. 3a). The nature of the
Amax=f(Ccpc) dependence for eosinY solutions is similar
(curve 1in Fig. 3b).
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Fig. 3. Dependence of position of the maximum wavelength (1) and intensity (2) of fluorescence emission of fluorescein (a)
and eosin Y (b) aqueous solutions on the concentration of CPC. Cg=1.0 - 10 mol/L, pH=11.0 (a), 10.0 (6)

The intensity of fluorescence emission of fluorescein
solutions in the 0-5.0-10® mol/L concentration range of
cationic surfactant varies little. The signal intensity
decreases as the CPC concentration increases. A "plateau”
is observed at Ccpc21.0 - 10 mol/L (curve 2 in Fig. 3a).

The decrease in the fluorescence emission intensity of
an aqueous solution of eosin Y is observed when added to

cetylpyridinium chloride in the 5.0 - 107%-1.0 - 10~ mol/L
concentration range of cationic surfactant. Further increase
in the concentration of CPC leads to an increase in the
intensity of the signal with the subsequent achievement of
the "plateau" at Ccpc=1.0-10"-1.0 - 10" mol/L (curve 2 in
Fig. 3b).
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Figures 2 and 3 show that the concentration
dependences of the Amax position and the fluorescence
intensity of surfactants when interacting with reagents are
multidirectional. In general, the decrease in signal intensity
occurs during the formation of hydrophobic stoichiometric
reagent-surfactant associates, which can be explained by
the premicellar association of associate-forming particles.
Concentration quenching can also cause a decrease in
fluorescence intensity. On the other hand, the increase in
signal intensity is associated with solubilization processes in
the studied systems and changes in the polarity of the
microenvironment of the reagent, which is usually
accompanied by a Amax bathochromic shift. The different
hydrophobicity of eosin Y and fluorescein is also one of the
main factors influencing surfactants on the fluorescence
intensity of reagent-surfactant systems.

Since the addition of cationic surfactant to fluorescein
solutions leads to quenching of fluorescence emission, it
was logical to investigate the possibility of determining the
organic substances of cationic nature by quenching the
fluorescence of the dye.

Ethonium, isoniazid, and decamethoxine have been
used as such cationic compounds. Ethonium is an analog of
the cationic surfactant and has antiseptic and disinfectant
properties [19]. The decamethoxine molecule has a similar
structure and medicinal properties [20]. Isoniazid is an active
substance in the anti-tuberculosis drug [21]. The volume of
isoniazid molecule, compared to ethonium and
decamethoxine, is smaller, which may provide better
solubilization of the analytic form by surfactant micelles.

It was found that all three substances of cationic nature,
similar to cationic surfactant, reduce the intensity of
fluorescence emission of fluorescein solutions. Thus, a
decrease in the signal intensity of fluorescein solutions is
observed at an isoniazid molecule (I-d) concentration
greater than 1.0 - 10-® mol/L (Fig. 4).
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Fig. 4. Fluorescence excitation (540 nm em.)
and emission (460 nm exc.) spectra of aqueous solutions
of fluorescein in the presence of isoniazid.
Cx=1.0-10"° mol/L (1-5), pH=11.0.
Ci4, mol/L: 2.0 - 102 (1), 4.0 - 102 (2),
6.0 - 102(3),1.0 - 10" (4)

The position of the maxima of the wavelengths of
fluorescence emission of fluorescein solutions increases
with increasing isoniazid molecule concentration (curve 1 in
Fig. 5). The I=f(Cid) dependence is linear in the
1.0 - 10%-4.0 - 10" mol/L  concentration range of a
substance of cationic nature (curve 2 in Fig. 5).

The results obtained can be used to develop conditions
and techniques for the determination of organic substances
of cationic nature in reaction with fluorescein in medicinal
products.
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Fig. 5. Dependence of position of the maximum wavelength (1)
and intensity (2) of fluorescence emission of fluorescein
aqueous solutions on the concentration of isoniazid.
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Conclusions. The effect of cationic, anionic and nonionic
surfactants on the fluorescence properties of fluorescein and
eosin Y aqueous solutions has been investigated. It has been
established that anionic surfactant has little effect on the
fluorescence emission intensity of dyes. The addition of non-
ionic surfactant to fluorescein solutions leads to a decrease in
signal intensity. In contrast, an increase in the fluorescence
emission intensity of eosin Y solutions is observed when the
concentration of TX-100 is increased. It has been revealed
that cationic CPC and organic substances of cationic nature
cause fluorescence quenching of fluorescein solutions. The
data obtained can be implemented in the development of
conditons and methods for the determination of
pharmacologically active substances of cationic nature by
reaction with fluorescein in medicines.
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KuiBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

®JTYOPECLIEHTHI XAPAKTEPUCTUKU PO3YMHIB ®JTYOPECLIEIHY TA EO3MHY H
Y BOOAHO-MILENAPHUX CEPEOBULLIAX MNMAP

HocnidxeHo ennue kamioHHUX, aHIOHHUX i HEIOHHUX NoeepxHeeo-akmueHux peyosuH ([MAP) Ha ¢hriyopecuyeHmHi enracmueocmi 800HUX PO34UHiIe
nyopecuyeiny ma eo3uHy H. I1id yac docnidxeHHs1 ennuey aHioHHoi [TAP Ha iHmeHcusHicmb emicii gpriyopecuyeryii 6apeHukie ecmaHoeneHo, wio 44CH
He efiueac Ha MoJIoKeHHs MaKcuMymie G068XXUH XeuJlb PO34uHie ¢hriyopecyeiHy ma eo3uHy H. IHnmeHcueHicmb cuzHany po34uHie 6apeHukie y npoueci
3MiHU KOHUeHmpauii aHioHHoi [TAP 3miHroembcsi Mano. BcmaHoeneHo, wo nid Yac 36inbweHHs1 KoHUeHmpauii HeioHHoi [TAP cnocmepizaembcsi 3MeH-
weHHs1 iHmeHcueHocmi emicii priyopecyeHuii posquHie gpriyopecyeiHy. Ha npomueazy 4o yb020, npocnidkoeaHo 36inbWeHHs1 iHmeHcueHocmi cuzHany
po3yuHie 6inbw 2idpogho6Ho20 eo3uHy H y x00i 36inbweHHs1 kKoHUeHmpauii Triton X-100 i3 euxodom Ha "nnamo” 3a Crx.10025.1 - 10 monb/n. Makcumymu
QoeXUH Xeusb eMicii ghriyopecueHyii dns docnidxyeaHux po3duHie ghriyopecueiny e iHmepeani koHueHmpauit kamionHoi IMAP LJI1X 0-1.0 - 10°° monw/n
3anuwaromscsi HeaMiHHUMU. 3a 6inbwux KoHUyeHmpauiti LITX nonoxeHHs1 MakcuMyMie 3cyeaembcsi 8 oe2oxeunnbo8y OinsiHKy criekmpy. Xapakmep
3asieXXHOCMi MoJsIoKeHHs MaKcumyMie emicii ¢gpriyopecuyeHyii po3yuHie eo3uHy H y npucymHocmi kamioHHoi [TAP € aHanozidHum. [1id yac docnidxeHb
erniuey op2aHi4YHUX pe4o8UH KamioHHOI MPupPodu Ha iHMeHcueHicMb cu2Haly po34uHie ghrryopecyeiHy makox rnokaszaHo eghekm 2aciHHs emicii ¢pryo-
pecueHyii. Ha npuknadi izoHiazudy nokasaHo, wo e diana3oHi KOHUeHmpauili pe4oeuHu kamioHHoOi npupodu (0.1-4.0) - 10" Monb/n KoHUeHmpauitHa
3anexHicms Mae niHiliHul xapakmep. OmpumaHi 8 po6omi daHi Mo)Ha eukopucmamu 07151 Po3pO6KU yMOe i MemoOuK eu3Ha4YeHHs1 emicmy ¢hapmMako-
J102i{4HO aKMUBHUX Pe408UH KamioHHOI Mpupodu 3a peakuyicto i3 ¢hriyopecyeiHom y nikapcbkux 3acobax.

Knro4voei crioea: ¢hriyopecuyeHuisi, nogepxHego-akmueHi pe4yosuHu, ¢riyopecyeiH, eo3uH H.
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®JIYOPECLIEHTHBIE XAPAKTEPUCTUKU PACTBOPOB ®JIYOPECLIEMHA 1 303UHA H
B BOOHO-MULIENNAPHbIX CPEOAX NAB

UccnedoesaHo enusiHUe kKamuoHHbIX, aHUOHHbIX U HEUOHHbLIX M08EPXHOCMHO-akmueHbIx eeusecme ([1AB) Ha ¢hriyopecyeHmHble ceolicmea eo-
OHbIX pacmeopoe ¢hryopecyeuHa u 303uHa H. UccnedoeaHue enusiHusi aHuoHHol [TAB Ha uHMeHcUBHOCMb 3MUCCUU ¢hriyopecyeHyuu Kpacumenel
nokasasno, ymo [LCH He enusiem Ha nonoxeHue MakcuMymMos OJIUH 80JIH pacmeopoe ghiiyopecueuHa u 3o3uHa H. UhmeHcusHocmb cusHana pac-
meopoe kpacumereli NIpu u3MeHeHUU KOHYyeHmpauuu aHuoHHol [TAB meHsiemcsi maso. [pu yeenuyeHuu koHyeHmpayuu HeuoHHol [MTAB Ha6nroda-
emcsi yMeHbWeHUe UHMEeHCU8HOCMU amuccuu ¢hsiyopecyeHyuu pacmeopoe ghiiyopecyeuHa. B omnuyuu om amozo, ycmaHoeseHo ysenuyeHue
uHmMeHcueHocMu cu2Hana pacmeopoe 6osiee 2udpoghobHo20 303uHa H npu yeenuvyeHuu koHyeHmpayuu Triton X-100 ¢ ebixodom Ha "nnamo” npu
Crx.10025.1 - 102 Monb/n. Makcumymbi OnuH 8051H 3Muccuu ¢hiyopecyeHyuu 0ns uccriedyeMbix pacmeopoe hriyopecyeuHa 8 UHMepeasne KOHYeHm-
payutl kamuoHHol MAB LJI1X 0-1.0 - 10~° monb/n ocmaromcesi HeusmeHHbIMU. [Tpu 601bWUX KOHUEHmMpayusix KamuoHHoU [MAB nonoxeHue Makcumy-
moe cdeuzaemcsi 8 O/IUHHOBOJIHO8YIO 061acmb criekmpa. Xapakmep 3aguUcuMOCMU M10J10)XK€HUSI MaKCUMyMO8 3Muccuu ¢hyiyopecyeHyuuU pacmeopos
3o03uHa H & npucymcmeuu LIMX aHanozu4Hblii. Mpu uccnedosaHuu e/usiHUsi Op2aHUYECKUX 8elecme KamuoHHOU npupodbl Ha UHMEHCUBHOCMb
cueaHana pacmeopoe ¢hiyopecyeuHa makxe nokazaHo agpghekm myweHusi amuccuu ghayopecyeHyuu. Ha npumepe usoHua3zuda nokazaHo, 4mo KOH-
UeHmpayuoHHasi 3aeUCUMOCTbL UMeem JTuHeliHbIl xapakmep e duana3oHe KOHUeHmpayul eewecmea KamuoHHoU npupodsi (0.1-4.0) - 10~ monb/n.
lMony4eHHble 8 pabome AaHHbIe MO2ym 6Gbimb peanu3oeaHbl Npu paspabomke ycnoesuli U Memoduk onpedesieHUs1 codepXXaHusi hapmMaKos1o2uyecku
aKmueHbIX 8euwecme KamuoHHOU Npupodbl Mo peakyuu ¢ ¢hr1yopecyeuHOM 8 JIeKapCmeeHHbIX cpedcmeax.
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