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Curcumin, a poorly soluble bioactive polyphenol of plant origin, exists in two tautomeric (ketone and enol) forms, 

the ratio of which can influence the pharmacological effects of related. At present, the current task is the development 
of medicinal nanocomposites with a standardized content of tautomeric forms of curcumin. The aim of the work was 
to find optimal conditions for the effective adsorption of ketone and enol tautomers of curcumin on the surface of a 
silica enterosorbent in the form of supramolecular complexes with the antiseptic cationic surfactant ethonium. 

The shift of the keto-enol tautomeric equilibrium of curcumin as a result of its adsorption on fumed silica was 
studied using UV-visible spectroscopy and quantum chemical calculations depending on the concentration of the 
ethonium in solution. Negligible adsorption of curcumin on silica from aqueous solutions (˂ 5 %) is radically 
increased due to the formation of soluble supramolecular complexes with this surfactant. Removal percentage of 
curcumin reaches a maximum value of 96 % in premicellar ethonium solutions (CET = 310–5–110–3 М), and 
predominantly the keto tautomer adsorbs on silica surface under these conditions. Changes in the spectral 
characteristics of the keto tautomer in the supramolecular complex curcumin – ethonium, namely the bathochromic 
shift of absorption band, indicate the polarization of its carbonyl group upon interaction with ethonium. The magnitude 
of the bathochromic shift is greater for keto tautomer adsorbed on silica (12 nm) than in ethonium solution (5 nm), 
which indicates a significant polarizing effect of the sorbent surface. 

From micellar ethonium solutions of (СMСET = 210–3 М) curcumin is adsorbed in the enol form. The amount of 
its adsorption at CET ˃ 110–3 М gradually decreases to 12 %, which is explained by a decrease in the concentration 
of surface silanol groups capable of dissociation, compared to the original hydrophilic silica, as a result of the 
adsorption of ethonium, which concentration under these conditions significantly exceeds that of curcumin. 

The results obtained can be used in the creation of new, more effective drugs with a standardized content of ketone 
and enol forms of curcumin, as well as in the development of methods for sorption-photometric and visual-test 
determination of curcumin directly in the sorbent phase. 
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INTRODUCTION 

Fumed amorphous silicon dioxide (SiO2) is 
widely used in the pharmaceutical industry as 
enterosorbent [1], a common component in tablet-
making and a matrix for creating drugs with 
prolonged action [2, 3]. The high efficiency of 
phyto nanocomposites containing fumed silica 
and phytocomponents (physiologically active 
compounds of plant origin, extracts and 
dispersions of medicinal plants) has been 
experimentally proven [4–7]. To expand the range 
of such composites with different functional 
activities, detailed experimental and theoretical 
studies of the silica interaction with 
pharmacologically active natural compounds are 
necessary. Previously, we have found that the 
adsorption  of plant  polyphenols [8]  (flavonoids, 

cinnamic acid derivatives, curcumin) on silica 
surface from aqueous solutions is low               
(< 1–2 µmol/g), since it occurs exclusively due to 
hydrogen bonds and therefore depends on the 
competition of solvation and sorption processes. 
The adsorption efficiency of such compounds can 
be significantly increased in inert solvents with 
low polarity and electron-donating ability 
(hexane, carbon tetrachloride, chloroform, 
dichloroethane) [9], but concept of green 
chemistry aims to reduce or eliminate completely 
the use of toxic organic solvents in technological 
processes [10]. Our studies have shown that the 
biodegradable, environmentally friendly, labile 
cationic Gemini surfactant ethonium (ET) (Fig. 1) 
forms soluble supramolecular complexes with 
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flavonoids that are effectively adsorbed on silica 
[11]. 

ET is successfully applied in medical practice 
as an antiseptic and disinfectant due to 
antibacterial, fungicidal activity and low toxicity. 
Its molecule belongs to the esters of bis-
quaternary ammonium salts, and consists of two 
long hydrophobic hydrocarbon chains and two 
polar head groups bonded by a short spacer           
(–СН2–)2. 

The plant lipophilic polyphenol curcumin 
(CUR) was chosen for study as a promising 

component for phyto composites, since it has anti-
inflammatory and antioxidant properties, exhibits 
pharmacological activity in the prevention and 
treatment of various pathological conditions and 
complex chronic diseases [12], such as 
Alzheimer's disease, Parkinson's disease, multiple 
sclerosis, epilepsy, cerebral palsy, atherosclerosis 
[13–15], COVID19 [16, 17]. 

The chemical structure of curcumin is a       
bis-α,β-unsaturated β-diketone (kCUR), which is 
in equilibrium with the enol form (eCUR) [18] 
(Fig. 2). 

 

 

Fig. 1. Chemical structures of ethonium 

 

  kCUR       eCUR  
 

Fig. 2. Keto–enol tautomeric equilibrium of curcumin 

 
The biological and therapeutic activity of 

curcumin seem to be dependent on the relative 
content of its tautomeric forms, which differ in 
their chemical properties. The enol form of 
curcumin has been found to bind misfolded 
amyloid-β (Aβ), inhibiting the formation of its 
aggregates, which is a hallmark of more than 50 
human diseases, including Parkinson’s and 
Alzheimer’s [19]. While the keto form of 
curcumin derivative actively interacts with 
soluble Aβ oligomers, which are particularly 
neurotoxic [20]. The β-diketone moiety of kCUR 
is able to bind covalently protein -SH, -OH, and   
-SeH groups and form chelates with heavy 
transition metals, which may concentrate in 
Alzheimer’s disease brain, causing amyloid-β 
aggregation and neurotoxicity [21]. The 
antiradical activity, antioxidant and prooxidant 
potentials of curcumin also depend on the 
structure of its tautomeric forms [22]. However, 
the relative content of keto and enol tautomers is 
usually not considered when studying the 
curcumin pharmacological properties 

[12, 17, 23], or its interaction with antiseptic 
surfactants [24], although this is important for the 
standardization of drugs and food additives, as 
well as for predicting clinical reactions. 

The aim of this work was to study the effect 
of the antimicrobial cationic Gemini surfactant 
ethonium on the curcumin adsorption and 
tautomeric transformations in aqueous solutions 
and on silica surface. The results obtained can 
become the basis for the development of new 
effective phyto nanocomposites with a given ratio 
of curcumin tautomeric forms. 

MATERIALS AND METHODS 

Materials. Curcumin was purchased from 
Sigma-Aldrich as primary pharmaceutical 
reference standard. Ethonium (pharmaceutical 
purity) was obtained from Institute of Organic 
Chemistry of the NAS of Ukraine. Silica A-300 
(specific surface area SBET = 300 m2/g, pilot plant 
at the Chuiko Institute of Surface Chemistry, 
Kalush, Ukraine) was used as 0.5 % aqueous 
suspension prepared by stirring sorbent with 
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water for 2 hours. Stock solutions of curcumin 
and ethonium were prepared in 100 % ethanol and 
water, respectively, and then diluted with water to 
the desired concentrations. The value of the 
solution pH was adjusted using phosphate buffer 
pH 5.0. 

Adsorption studies. Adsorption of curcumin 
on silica was studied as follows. Ethonium 
solution, phosphate buffer pH 5.0, water and 
curcumin solution were mixed in appropriate 
proportions (total volume 5 ml). After tautomeric 
equilibrium was reached (30 min [8]), 5 ml of 
0.5 % silica suspension was added and the 
mixture obtained was stirred. When adsorption 
equilibrium was achieved (2 h at 20 °C), the 
suspension was centrifugated (8000 rpm, 15 min) 
and UV-Vis absorption spectra of separated 
solution was measured in quartz cuvettes 10 mm. 

To determine the amount of curcumin in an 
equilibrium solution, the latter was mixed with an 
equal volume of ethanol and after 30 min its 
absorbance was measured at λmax = 426 nm. 
Curcumin concentration was calculated using the 
previously determined molar extinction 
coefficient (ε = 56300) [25]. 

The adsorption capacity (qe, mol/g) and 
removal percentage (a %) of curcumin were 
calculated according to Equations 1 and 2, 
respectively, where C0 and [C] are the initial and 
equilibrium concentrations of CUR solution (M), 
V refers the solution volume (L) and m refers the 
mass of silica (g). 

qe = (C0 − [C])V/m, (1) 

a% = (C0 − [C])  100 % /C0. (2) 

Spectrophotometry study of curcumin 
adsorbed on silica. The suspension of 
CUR•ET/SiO2 separated by centrifugation was 
placed into a 1 mm quartz cuvette using a pipette. 
After 6 minutes, required for sedimentation and 
formation the stable sorbent suspension,  its 
absorbance (As) was measured on a Specord       
M-40 (Karl Zeiss Jena, Germany) in a cell for 
turbid samples. Such a direct measurement of 
sorbent absorption is possible due to dispersion 
stability and sufficient transparency of fumed 
silica [25] and CUR•ET/SiO2 suspensions. A 
suspension of pure SiO2 was used as a reference 
sample. 

Quantum chemical calculations. Structural 
and electronic characteristics of silica model 
clusters, CUR tautomers, ET molecules and their 

complexes have been calculated using DFT 
method with the B3LYP functional and the 6-31G 
(d, p) basis set, which quite accurately reproduce 
the parameters of curcumin [27]. 

To simulate the surface of fumed silica, we 
chose a silica cluster, consisting of three identical 
fragments of 12 SiO4/2 tetrahedra, which best 
corresponds to the geometry of real systems. The 
number of fragments was selected in accordance 
with the size of the adsorbate. 

The polarized continuum model (PCM) [28] 
was used to take into consideration the effect of 
aqueous solution. 

The changes in the Gibbs free energy as a 
result of pairwise interactions in the CUR•ET 
complex (Gint) were calculated as 

ΔGint = Gcomplex − (GCUR + GET),             (3) 

where  Gcomplex, GCUR and GET ‒ the Gibbs free 
energies of the CUR•ET complex, CUR and ET 
molecules, respectively. 

The changes in the Gibbs free energy as a 
result of curcumin adsorption on the silica surface 
(Gads) from water (CUR/SiO2) and ethonium 
(CUR•ET/SiO2) solutions were determined as 

ΔGads = Gcomplex − (GCUR (CUR•ET) + GSiO2),           (4) 

where  Gcomplex, GCUR (CUR•ET) and GSiO2 ‒ the Gibbs 
free energies of the CUR•ET/SiO2 complex, CUR 
molecule (or CUR•ET complex) and silica 
cluster, respectively. 

All calculations were performed with 
Gaussian 16 software package [29]. 

RESULTS AND DISCUSSION 

The adsorption of curcumin on silica from 
ethonium solutions was studied at CCUR = 210–5 M 
in order to avoid its aggregation and precipitation 
at higher concentrations. The removal percentage 
and adsorption capacity of CUR depending on the 
concentration of ethonium are shown in Fig. 3. 

Ethonium, like other cationic surfactants, 
effectively interacts with the silica surface 
through electrostatic attraction between its 
positively charged head groups [30–33] and the 
polarized or dissociated hydroxyl groups on the 
silica surface. In contrast, the adsorption of 
hydrophobic curcumin on a hydrophilic surface 
from an aqueous solution is negligible [8]. At low 
concentrations of ET ( 410–6 M), the adsorption 
of CUR does not exceed its adsorption from 
water. However, at CET  410-6 M removal 
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percentage of curcumin begins to increase, 
reaching a maximum value of 96 % in the range 
of CET = 310–5–110–3 M. Under experimental 
conditions, at pH = 5, curcumin exists in solution 
in molecular form, as indicated by the dissociation 
constants of its enolic (pKa1 = 8.38) and two 

phenolic (рKа2 = 9.88, рKа3 = 10.51) hydroxyl 
groups [34]. Therefore, the efficient extraction of 
curcumin can only be explained by the formation 
of positively charged supramolecular complexes 
with the cationic surfactant ethonium (CUR•ET) 
and their subsequent interaction with the silica 
groups to form surface complexes CUR•ET/SiO2. 

 

 

Fig. 3. The removal percentage and adsorption capacity of curcumin depending on the concentration of ethonium in 
the solution. С0 = 210–5 M, V = 0.010 L, m = 0.025 g, pH = 5 

 
The decrease in CUR adsorption at 

СЕТ  110–3 (CMCET = 210–3 [12]) can be 
explained by an increase in the adsorption of 
ethonium, which leads, on the one hand, to 
hydrophobization of the silica surface, and on the 
other hand, to a decrease in the concentration of 
surface silanol groups capable of dissociation, 
compared to the original hydrophilic silica and, 
accordingly, to a decrease in the negative charge 
on the sorbent surface. This may be accompanied 
by a change in the sign of the electrokinetic 
potential, as well as a shift in the pH of the zero 
charge and the isoelectric point of the adsorbent. 
Indeed, it has been shown [33] that the adsorption 
of ethonium on the silica surface leads to an 
increase in the pH of zero charge from 2 (original 
silica) to 5.8 (silica in micellar solutions of 
ethonium). 

The values of removal percentage and 
adsorption capacity were determined by the 
decrease in the initial concentration of curcumin 
in solution after contact with the sorbent. 
However, these parameters do not provide 
information about the ratio of CUR tautomeric 
forms. It was assumed that analysis of the spectral 

properties of the resulting supramolecular 
complexes CUR•ET and CUR•ET/SiO2 would 
make it possible to study the tautomeric 
transformations of curcumin in these systems. 

Under experimental conditions the spectrum 
of curcumin aqueous solution at pH 5 has an 
intense absorption peak at 421 nm, attributed to 
its enol tautomeric form (max(eCUR)), and a weak 
band at 364 nm, corresponding to the keto form 
(max(kCUR)) [35]. Such a ratio of bands and, 
accordingly, tautomers, remains practically 
unchanged in ethonium solutions at CET ≤ 410–6 M. 
However, an increase in surfactant concentration 
results in changes of curcumin spectra both in the 
solution and on the silica surface. Some 
absorption spectra of curcumin adsorbed on SiO2 
from ethonium solutions of different 
concentrations are given in Fig. 4. 

Considering that the removal percentage of 
CUR on silica from 110–3 M ethonium solution 
is ~ 96 % (Fig. 3), and the optical density value of 
this suspension is As = 0.48 at max(eCUR) = 421 nm 
(Fig. 4), the molar extinction coefficient of 
adsorbed curcumin was calculated as εs = 250000, 
which is 4.5 times higher than ε of curcumin in an 
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ethanol solution. The found higher sensitivity of 
curcumin determination after adsorption on silica 
is promising for the development of sorption-
spectrophotometric and visual test methods for its 
analysis. 

In solutions of non-aggregated ET 
(СЕТ = 610–6–610–5 M) a most significant 
changes in CUR absorption spectra compared to 
water are observed (Fig. 4, curves 1 and 2, Fig. 5). 
In particular, the absorption band corresponding 
to kCUR becomes much more intense than the 

eCUR peak. On the contrary, the spectra of 
curcumin in micellar solutions (curves 4–6) are 
identical in shape to its spectrum in ethanol 
(curve 4’), containing only the eCUR tautomer 
[35], which is confirmed by the complete 
coincidence of these spectra in normalized form. 
To compare the effect of ethonium concentration 
on curcumin tautomeric equilibria in aqueous 
solutions and on the silica surface we decomposed 
some corresponding CUR absorption spectra into 
Gaussian components (Fig. 5). 

 

 

Fig. 4. Absorption spectra and normalized spectra (a) of curcumin adsorbed on silica from ethonium solutions of 
different concentrations (1–6), and the spectrum of curcumin in ethanol solution (4'). СCUR = 210–5M; 
CEТ (M) = 210–5 (1), 410–5 (2), 110–4 (3), 110–3 (4, 4'), 210–3 (5), 410–3 (6) 

 
All the given spectra (Fig. 5, curves 1) turned 

out to be the sum of the kCUR (curves 2) and 
eCUR (curves 3) spectra in different ratios, which 
depend on the concentration of ethonium in the 
solution and the type of supramolecular complex 
formed (CUR•ET or CUR•ET/SiO2). When ET 
concentration reaches 610–6 М, relative 
absorbance of the solution at max(kCUR) (Fig. 5 a, 
curve 2) and, accordingly, the proportion of the 
keto form begins to increase, but remains half the 
peak of the enol form (Fig. 5 a, curve 3). 
Interaction with silica surface shifts the 
tautomeric equilibrium towards the keto form 
formation and it begins to exceed insignificantly 
the content of the eCUR (Fig. 5 aS). The observed 
tendency is more pronounced at CCUR = CET 
(Fig. 5 b, bS) when kCUR•ET/SiO2 absorbance 
band becomes ~ 3 times higher than peak of 
eCUR•ET/SiO2. So, interactions in the           
CUR–ET–SiO2 system at low ethonium 

concentrations (≤ 210–5 M) lead to a greater shift 
of tautomeric equilibrium to the formation of 
kCUR than without silica. At higher ethonium 
concentration (CET = 110–4 M), opposite 
changes in the ratio of tautomers are observed 
(Fig. 5 c, cS) in the solution, the growth of kCUR 
absorbance peak continues, but on the silica 
surface the band λmax(kCUR) decreases to the level 
of the eCUR•ET/SiO2 absorption. In micellar ET 
solutions, all spectra of adsorbed curcumin 
characterize the enol tautomer, and their shape 
completely coincides with the spectra of the 
CUR•ET solution (Fig. 4 a, curves 4–6, 4׳). 

Band intensities at λmax(kCUR) and λmax(eCUR) in 
the electronic spectra of CUR•ET/SiO2 
suspensions obtained by the curcumin adsorption 
from ethonium solutions of different 
concentrations are shown in Fig. 6. 

The relative content of the keto and enol 
forms can be estimated from their absorbance 



Kazakova O.O., Lipkovska N.O., Barvinchenko V.M. 
______________________________________________________________________________________________ 

218                             ISSN 2079-1704. CPTS 2026. V. 17. N 2 

intensities (Fig. 6). The keto form prevails in the 
concentration range CET = 610–6–110–4 M, and 
its content gradually decreases to zero at 
CET = 410–4 M. 

The wavelengths of band positions of 
dissolved and adsorbed kCUR at different 
ethonium concentrations are presented in Fig. 7. 

 

 

Fig. 5. Decomposition of the normalized absorption spectra of curcumin (curve 1) in ethonium solutions (a–c) and 
adsorbed from these solutions on silica (as–cs) into Gaussian components 2 and 3. СCUR = 210–5M, 
CET(M) = 610–6 (a, as), 210–5 (b, bs), 110–4 (c, cs) 
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Fig. 6. Absorbance of the kCUR (1) and eCUR (2) bands in the spectra of curcumin adsorbed on silica, depending 
on ethonium concentration. СCUR = 210–5M, λ = λmax(kCUR) (1), λmax(eCUR) (2) 

 

 

Fig. 7. Dependence of λmax (kCUR). of the kCUR band of CUR•ET in the solution (1) and on the silica surface (2) on 
the ethonium concentration 

 
The bathochromic shift of the kCUR 

absorbance peak is observed in both systems and 
may testify the increase in curcumin molecule 
polarization. The value of  bathochromic shift is 
lower in the case of formation of kCUR•ET 
complex in the ethonium solution            
(max(kCUR) = 6 nm) than after its subsequent 
adsorption on silica surface as kCUR•ET/SiO2 

(max(kCUR) = 12 nm). 
In micellar solutions of ET, all spectra of 

dissolved and adsorbed curcumin coincide and 
correspond to the enol spectrum with            
max(eCUR) = 422 nm (Fig. 4). In solutions with a 
concentration above the critical micelle 

concentration, ethonium molecules form 
spherical micelles, in which hydrophobic “tails” 
are directed inward, and hydrophilic groups are 
located on its surface, being active centers in the 
formation of hydrogen and coordination bonds. 
The coincidence of the CUR•ET spectra in 
solution and adsorbed on silica surface indicates 
the incorporation of eCUR into ET micelles and 
their subsequent adsorption in an unchanged 
form. 

To describe the interaction of CUR and ET 
molecules in solutions and on silica surface, 
which occurs at low component concentrations 
that exclude the association of molecules 
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(CET  310–5 M), quantum chemical calculations 
of СUR tautomers and their complexes CUR•ET 
and CUR•ET/SiO2 were carried out. Previously, 
we found [25] that anti-kCUR tautomeric form 
(Fig. 8 a) predominates in aqueous solutions, but 
upon formation of relatively strong complexes 
with ethonium, it is converted into syn-kCUR 
(Fig. 8 b). 

On the other hand, as was shown by PM3 [8], 
interaction with the silica surface in surfactant-
free aqueous solutions also stabilizes cis-up-eCur 
(Fig. 8 c). Therefore, for these two tautomeric 
forms, the Gibbs free energies of pairwise 
interactions in the CUR–ET and CUR–ET–SiO2 
systems leading to the formation of CUR•ET and 
CUR•ET/SiO2 complexes were estimated at the 
B3LYP/6-31G(d,p) level and are presented in the 
Table. 

 

  

 

Fig. 8. Tautomeric forms of curcumin: anti-kCUR (a), syn-kCUR (b), cis-up-eCUR (c) 

 

Table. Values of the interaction energy of molecules in the CUR•ET complex (Gint) and changes in the Gibbs free 
energy as a result of curcumin adsorption on silica surface (Gads) from aqueous (CUR/SiO2) and ethonium 
(CUR•ET/SiO2) solutions, calculated for the syn-kCUR  and cis-up-eCUR tautomeric forms 

Complex Energies, kJ/mol 
syn-kCUR cis-up-eCUR 

CUR•ET -22.1 -1.1 
CUR/SiO2 -10.0 -14.3 
CUR•ET/SiO2 -23.2 -5.6 

 
 

Analysis of the calculated energies shows that 
the formation of all the studied complexes is 
possible, since ΔG is negative, but the most 
probable is the formation of the syn-
kCUR•ET/SiO2 complex on silica surface 
(ΔGads = -23.2 kJ/mol). Its energy value exceeds 
the adsorption energy of curcumin itself by more 
than 2 times (ΔGads = -10.0 kJ/mol), but only 
slightly exceeds the energy of intermolecular 
interaction in the syn-kCUR•ET complex 
(ΔGint = -22.1 kJ/mol). Thus, the factor 
determining the effective sorption of curcumin on 
silica from solutions with low ethonium 
concentration is the preliminary formation of the 
CUR•ET complex in the solution. In contrast, the 
probability of complexation of curcumin in the 
enol form (eCUR•ET) is extremely low    

(Gint = -1.1 kJ/mol). Although the cis-up-
eCUR/SiO2 surface complexes are more stable 
(ΔGads = -14.3 kJ/mol) than syn-kCUR/SiO2, the 
adsorption energy of the cis-up-eCUR•ET /SiO2 
surface complex is relatively low                 
(ΔGads = -5.6 kJ/mol). Moreover, the lower 
content of free eCUR molecules in dilute ET 
solutions (Fig. 6, curve 1) compared to kCUR 
may provide only a small contribution to the 
overall adsorption of curcumin on silica surface. 

To confirm the assumption that curcumin 
molecules bind to ethonium predominantly 
through electrostatic interactions, the charge 
characteristics of the carbonyl groups of kCUR as 
the most active were analyzed. An increase in 
negative charges on O atoms was detected 
(ΔqO1 = -0.006, ΔqO2 = -0.009), which indicates 

b 

c 

a 
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the polarization of kCUR during the formation of 
the kCUR•ET complex in aqueous solution and 
explains the bathochromic shift of the absorption 
peak of the curcumin keto form (Fig. 7, curve 1). 
Some difference in the charge characteristics of 
oxygen atoms is due to small deviation of the 
symmetry of molecules as a result of the 
interaction of anti-kCUR with ET. Adsorption of 
the kCUR•ET complex from ethonium solutions 

on the silica surface leads to further polarization 
of curcumin С=О group in the surface complex 
kCUR•ET/SiO2 (ΔqO1 = -0.012, ΔqO2 = -0.014), 
which corresponds to a greater bathochromic shift 
of its max(kCUR) (Fig. 7, curve 2) compared to 
kCUR•ET. The most stable curcumin surface 
complex syn-kCUR•ET/SiO2 is shown in Fig. 9. 

 

 

Fig. 9. The formation of syn-kCUR•ET/SiO2 complex on silica surface 

 
CONCLUSIONS 

Thus, the effect of the bioactive cationic 
Gemini surfactant ethonium on the processes of 
adsorption and tautomeric transformations of the 
natural polyphenol curcumin on the fumed silica 
surface was examined. The removal percentage of 
curcumin reaches a maximum value of 96 % in 
(310–5–110–3) M ethonium solutions and is 
explained by the formation of positively charged 
supramolecular complexes CUR•ET and their 
subsequent interaction with the silica surface 
groups (CUR•ET/SiO2). Supramolecular 
interactions with ethonium lead to changes in the 
spectral characteristics of curcumin in solutions 
and on the surface of the sorbent. In ethonium 
solutions, a bathochromic shift in the absorption 
spectrum of kCUR is observed, corresponding to 
the polarization of curcumin carbonyl group 
during the formation of supramolecular 

complexes CUR•ET. The magnitude of the 
bathochromic shift increases upon formation of 
the CUR•ET/SiO2 complex, indicating a 
polarizing effect of silica surface. Quantum 
chemical analysis of the calculated energies 
shows that the formation of syn-kCUR•ET/SiO2 
complex on silica surface is the most likely. 

From micellar solutions of ethonium, 
curcumin is adsorbed in the enol form, and at 
surfactant concentrations exceeding 110–3 M, 
the removal percentage of curcumin decreases 
sharply. The dependence of curcumin adsorption 
on the concentration of ethonium is described by 
a dome-shaped curve, which indicates a 
significant contribution of hydrophobic 
interactions to the formation of supramolecular 
complexes of curcumin with a cationic surfactant 
and their adsorption on silica surface. 

The obtained results have practical 
significance and can be used in the creation of 
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new, more effective drugs, which include the 
antiseptic ethonium, silica enterosorbent and 
bioactive curcumin in a given tautomeric form. 
The combination of almost complete curcumin 
removing by silica from premicellar ethonium 
solutions and high value of molar extinction 
coefficient of adsorbed curcumin is promising for 

the development of sorption-spectrophotometric 
and visual test methods of its analysis. 
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Куркумін, малорозчинний біоактивний поліфенол рослинного походження, існує у двох таутомерних 

(кетонній та енольній) формах, співвідношення яких може впливати на фармакологічні ефекти лікарських 
засобів на його основі. На теперішній час актуальною задачею є розробка лікарських нанокомпозитів із 
стандартизованим вмістом таутомерних форм куркуміну. Метою роботи було встановлення оптимальних 
умов ефективної адсорбції кетонного та енольного таутомерів куркуміну на поверхні кремнеземного 
ентеросорбента у вигляді супрамолекулярних комплексів з антисептичною катіонною поверхнево-активною 
речовиною етонієм. 

Зміщення кето-енольної таутомерної рівноваги куркуміну в результаті його адсорбції на пірогенному 
кремнеземі досліджували за допомогою УФ-видимої спектроскопії та квантовохімічних розрахунків залежно 
від концентрації етонію в розчині. Незначна адсорбція куркуміну на кремнеземі з водних розчинів (˂ 5 %) 
радикально збільшується завдяки утворенню розчинних супрамолекулярних комплексів з даною ПАР. Ступінь 
вилучення куркуміну досягає максимального значення 96 % в доміцелярних розчинах етонію                   
(CET = 310–5–110–3 М), причому в цих умовах на поверхні кремнезему адсорбується переважно кето-
таутомер. Зміни його спектральних характеристик в супрамолекулярному комплексі куркумін – етоній, а 
саме батохромний зсув смуги поглинання, вказують на поляризацію карбонільної групи при взаємодії з 
етонієм. Величина батохромного зсуву більша для кето-таутомера, адсорбованого на кремнеземі (12 нм), 
ніж у розчині етонію (5 нм), що вказує на значний поляризуючий ефект поверхні адсорбента. 

З міцелярних розчинів етонію (ККМET = 210–3 М) куркумін сорбується в енольній формі. При 
концентрації етонію CET ˃ 110–3 М адсорбція куркуміну поступово зменшується до 12 % в області ККМ, що 
пояснюється зниженням концентрації поверхневих силанольних груп, здатних до дисоціації, в порівнянні з 
вихідним гідрофільним кремнеземом в результаті адсорбції власне етонію, концентрація якого за цих умов 
значно перевищує концентрацію куркуміну. 

Отримані результати можуть бути використані при створенні нових, ефективніших лікарських засобів 
із стандартизованим вмістом кетонної та енольної форм куркуміну, а також при розробці методик 
сорбційно-фотометричного і візуально-тестового визначення куркуміну безпосередньо в фазі сорбента. 

Ключові слова: куркумін, етоній, пірогенний кремнезем, адсорбція, кето-енольна таутомерія 
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