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AHHOTauuA

The equilibrium of the acid- activated system of clinoptilolite tuff - solution of ethanol of B -
carotene was studied in this work. The change in the mechanism of interaction of the system with increasing
concentration of provitamin A was evaluated based on the analysis of the isotherm. The adsorption of f3-
carotene from dilute solutions was described by Langmuir model. Monolayer fixing of sorbate within the
structural matrix of the sorbent was determined by the formation of hydrogen bonds between provitamin A
and isolated silanol groups. Formation of polymolecular layers due to the association of B-carotene provided
by hydrophobic interactions. Nitrogen physisorption was utilized to observe changes in the surface area
properties, porosity of the zeolite after the adsorption of B-carotene.
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B pabote TpoBEeNeHO WCCIEAOBAHHE PABHOBECHS B CHCTEME KHUCIOTHO-aKTHBUPOBAHHBIN
KIUHONTIIONUTOBBIH Ty() — OTAaHONBHBIN pacTBOp [ — KapoTwmHa. Ha oOCHOBe aHamu3a W30TEPMEI
YCTaHOBJICHO U3MCHCHHE MEXaHU3Ma B3aUMOJICHCTBHUS B CUCTEME C POCTOM KOHIIGHTPAIMH MPOBUTAMHHA A.
Ancopbrusi 6eta-kapoTHHA W3 pa30aBIICHHBIX PAcCTBOPOB OIMMCaHa MoJeNblo JleHrmropa. MoHOCHOHHOE
3aKperuieHne copdara B CTPYKTYPHOM MaTpHile COpOSHTa OIpeiessieTcsi 00pa3oBaHHEM BOJOPOIHBIX CBA3EH
MEXIy TPOBHTAMHHOM A W  H3OJHPOBAHHBIMH  CHJIAHOJNBHBIMH  rpymmaMu.  DopMmupoBaHUe
MOJIMMOJICKYJIIPHBIX ~CJIOEB B  PE3yNbTaTe acCOIMalui OeTa-KapoOTHHA OCYIIECTBISETCS 3a CUeT
ruapoPOOHBIX B3aUMOACHUCTBUNA. MeTOIOM HH3KOTeMIIepaTypHOW aacopbuuu / gecopOumm  a3oTa
paccMOTpeHO M3MEHEHHE TIOBEPXHOCTHBIX CBOMCTB, MOPHUCTOCTH COpOEHTa Iocje 3akperuieHus B —
KapoTHHA.

KiroueBble ciioBa: [ — KapoTHH, KIMHONTIUIONUTOBBIN Ty(, COpOIws, H30TepMa

Introduction

Selective adsorption of vitamins and pharmaceuticals on natural sorbents may be
used for the analytical determination of the component, as well as for extraction and
concentration of the desired products from the complex mixtures [1-5]. The possibility of
using aluminosilicates, as carriers for biologically active compounds has been reported in
the literature [2-4]. One of the most valuable representatives of aluminosilicates is
clinoptilolite having micro - mesoporous structure, high adsorption, ion-exchange and
molecular sieve properties [2, 6, 7]. Acidizing of clinoptilolite allows changing of the
textual characteristics and the hydrophilic - hydrophobic balance matrix of the sorbent.
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The most important biologically active drug is B-carotene (a precursor of vitamin
A) involved in antioxidant protection [8, 9]. In [3, 4, 10] the results of studies on the
mechanism of fixing of B-carotene on various natural and synthetic sorbents. The authors
of [3] studied the adsorption of B-carotene on native and acid- activated of bentonite. It is
shown that the amount of adsorbed provitamin A increases by 5.5 times after treatment of
bentonite 2.0 M H,SO,. There is evidence [10] about the impact on textural characteristics
of the sorbent, temperature and the nature of the solvent used on the amount of adsorption
of B-carotene. This paper presents the results of studying patterns of sorption B-carotene
(provitamin A) from ethanol solution of the acid - activated clinoptilolite tuff
recommended for use as enterosorbent.

Experimental

In our work we used provitamin A (B-carotene) produced by Sigma(Germany).
Structural formula of B-carotene is presented in Fig. 1.

Fig. 1. Structural formula of provitamin A

Adsorption of B-carotene was investigated for zeolite tuff (used as a sorbent) of
Lulinskoe deposit at Yugra, near-polar Ural. The tuff represented a multi-phase mixture
where the main phase was clinoptilolite (68%). Impurity phases of quartz, calcite (15%),
phillipsite (6%), minerals of montmorillonite family (8%) were found as well some other
impurities [7]. According to the experimental data, as a result the acidizing sorbent 4.0M
hydrochloric acid occurs dealumination (molar Si/Al ratio increases from 3.9 to 10.5), the
exchange of extra framework aluminate cation fragments in the remaining matrix on
hydrogen ion and the formation associated and isolated of silanol groups, while
maintaining its crystalline structure. By acid activation of clinoptilolite accessible pore for
penetration of large organic molecules. It also increase selectivity for apolar compounds by
changing the hydrophilic- hydrophobic balance of the sorbent.

Acid activation of clinoptilolite tuff was carried out by treating it with a 4.0 M
hydrochloric acid solution at 295+2 K. After sample humidity had been determined, a 0.02
to 0.06 mm fraction of air - dried zeolite tuff (1.0 = 0.0002 g) was brought into contact
with an HCI solution (100.0 cm®) and the mixture was stirred for 4 h at a preset
temperature [7]. The equilibration time was determined in a preliminary experiment. The
sorbent was filtered off from the solution and washed with distilled water until no chloride
ions were detected in the filtrate.

Sorption equilibrium in the system of “acid-activated clinoptilolite tuff (fraction of
0.02-0.06 mm) — ethanol solution of B-carotene” was studied at the temperatures of 295+2
K under static conditions by variable concentrations technique. The range of the used
concentrations of B — carotene was of 1.40-10% — 30.0 mmol/dm’. The sample of
clinoptilolite tuff of 0.050 (+£0.0002) g in mass in the air-dry state was put in contact with
200.0 cm’ of the investigated B-carotene solution with the known concentration and stored
at the given temperature under continuous agitation for 2.5 hours. Equilibrium phases were
separated and analyzed for f—carotene content by spectrophotometric method with the use
of spectrometer BioSpec-mini produced by Shimadzu for A = 452 um (S; = 0.05). Control
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for the amount of the adsorbed a-tocopherol was performed by the difference of the
concentrations in solution before and after contact with the sorbent.

IR-spectra of the samples were measured with the use of spectrometer Bruker
Equinox 55 with Fourier-transform operating in the diffuse reflection (DRIFT) mode
within the frequency range of 400-4000 cm™. Interpretation of spectra was performed
using the literature data [4,8,12-15 ].

Method sorption / desorption of nitrogen was used to determine changes in textural
characteristics clinoptilolite tuff after sorption provitamin A. Adsorption / desorption of
nitrogen was made with the device Quadrasorb-SI MP (Quantachrome, USA) at 77 K and
the relative pressure of 10°-0.99. The samples were preliminarily degassed at the
temperature of 392 K in vacuum for eight hours. Basing on the measured isotherms the
surface area, volume, diameter and pores size distribution were determined. Brunnauer-
Emmet-Teller (BET) equation was used for the calculation of the samples surface area
[16]. Barreth-Joyner-Halend (BJH) method [17] was applied for the determination of the
pores size distribution. Volume of micropores (Vmicro) Was calculated using t-segment
technique [18].

Results and discussion

It has been established that -carotene is non-adsorbable on native clinoptilolite
tuff. Interfacial distribution of vitamin A in the sorption process is shown in Fig. 2.
Isotherm of Sorption B-carotene on acid-activated clinoptilolite tuff relates to IV type
IUPAC and Giles classification corresponds to S-form, indicating that the nature of the
polylayer adsorption. The maximum sorption capacity of 3.50 mmol/g.

At the initial segment an isotherm is characterized by the linear dependence of the
attached P—carotene on the sorbent on the concentration of solution, and after that it is
transformed into a plateau, meaning monolayer adsorption.
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Fig. 2. Isotherms of B-carotene adsorption on acid-activated clinoptilolite tuff

To describe the initial portion of an isotherm was used Langmuir equation [19]:

Qchp

Pl e,) "

where K — adsorption equilibrium coefficient, dm*/mmol; Q is amount of the adsorbed { -
carotene, mmol/g; Q. - is the limiting amount of adsorbed P—carotene (monolayer
capacity), mmol/g; ceq - 1s equilibrium solution concentration, mmol/dm’.

Representation the experimental data to a linear form in the coordinates
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allowed to graphically determine the limit of the monolayer capacity and the coefficient of
sorption equilibrium, which amounted to 1.42 mmol / g and 0.540 dm® / mmol.

To confirm compliance obtained sorption isotherm equation Langmuir sorption
equilibrium and calculation of the coefficient dependence Cq / Q from c in the range of
equilibrium concentrations of p - carotene 1.3 - 10% — 27.5 mmol/dm’ treated MNCs,
according to the linear form of equation (2). The resulting value of the correlation
coefficient (0.99) indicates a satisfactory conformity of the Langmuir isotherm equation in
the range of concentrations.

In the IR spectrum of the acid-activated clinoptilolite tuff are present distinct
absorption bands at 3754 and 3253 cm™, respectively, corresponding to the isolated and
associated silanol groups [12,13]. Maximum absorption at 930 cm™ characterizes the
vibration of Si-O to Si-OH groups linked together by hydrogen bonds. Fixing B-carotene in
the matrix of sorbent is reflected in the appearance of the absorption bands of the spectrum
at 1420 cm™ and within the range of 3000-2800 cm™ (2850, 2920, 2980), characterizing
valence and deformation vibrations of C-CHj3 and C-CH, — sorbate groups. Vibrations of
C=C bound in the aromatic ring were revealed at 1540 cm™.

Active centers on the surface of the acid-activated sorbent presented isolated and
coupled silanol groups which can interact with B-carotene. After adsorption of provitamin
A one can observe a decrease of intensity of the peak at 3754 cm™, corresponding to the
isolated silanol groups. According to published data [3,20], the most reactive bond in -
carotene is the 7-8 double bond, and the main reactive center of the molecule toward and
type of attack is the seventh carbon atom. Thus, the localization of B-carotene on the
surface of the sorbent can be due to the formation of a hydrogen bond with isolated of
silanol groups (Fig. 3)
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Fig. 3. Scheme of interaction in the system p-carotene - an acid-activated
clinoptilolite tuff

The monolayer of fixing pB-carotene leads to the shielding of surface, i.e. access to
the isolated silanol group is impeded. At concentrations above provitamin 10.0 mmol / dm’
additional absorption of provitamin A occurs. On the surface of sorbent formed
polymolecular of layers B-carotene in the form of associations of vitamin. Formation of
structural associates possibly as aresult of hydrophobic interactions between the molecules
of provitamin A.

Obtained adsorption / desorption isotherms of nitrogen for acid- activated
clinoptilolite tuff before and after fixing B-carotene (Fig. 4) . In accordance with [UPAC
isotherms are IV type with a wide hysteresis loop not closing at low relative pressures. The
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authors of [ 21,22 ] explain this as a limitation of nitrogen diffusion through microporous
structural constriction and the presence of wedge-shaped pores. Sorption pro-vitamin A on
the surface of acid - activated aluminosilicate reduces the amount adsorbed of nitrogen
(Fig. 4). Table 1 shows the structural characteristics of the sorbents, determinate from
analysis of isothermal adsorption / desorption of nitrogen. A decrease in the mesopore
volume and the specific surface area relative to the initial sample of the sorbent was

observed.
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Fig. 4 Isotherms of low-temperature adsorption/desorption of nitrogen
for the clinoptilolite tuff: 1- acid-activated, 2 — after sorption of B - carotene

Table. 1. Parameters of the porous structure, calculated using the adsorption / desorption of
nitrogen

Surface area, m”/g Volume of pores cm’/g
Clinoptilolite tuff
S S Vtotal Vrneso Vmicro (t'
BET BIH (BET) (BJH) plot)
Before sorption of § - carotene 92.3 56.9 0.077 0.049 0.030
After sorption of § - carotene 84.8 48.0 0.075 0.042 0.030
0,02
dS(d), cm?*/g nm
0,015
0,01
0,005
D. nm
0 B —
1 2 3 4 5 6 7 8

Fig. 5. Curves for pore size distribution in clinoptilolite tuff:
1- acid-activated, 2 — after sorption of B-carotene

Pore size distribution in the mesoporous structure of clinoptilolite tuff defined by
the model BJH, presented in Fig. 6. It is obvious that in the course fixing on the surface of
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provitamin A sorbent can be expected not only to reduce the amount of adsorbed nitrogen
(Fig. 4), but also decreasing the pore size (Fig. 5). For acid-activated clinoptilolite tuff
dominated by mesopores of 3.9 nm. Filling of mesopores with B-carotene reduces the
amount and size of pores. For aluminosilicate after adsorption of B-carotene the pore
diameter is 3.6 nm.

Conclusion

The regularities of adsorption of B-carotene from an ethanol solution on the acid-
activated 4.0 M HCI clinoptilolite tuff was found. It is shown that at low concentrations,
the adsorption isotherm is described by the Langmuir equation. It has been shown that the
mechanism of the sorption is altered by increasing solute concentration due to the
formation of P-carotene associates. Monolayer capacity limit and the coefficient of
sorption equilibrium was calculated. It was established that -carotene sorption leads to
changes in texture characteristics. These are manifested in a decrease in specific surface
area, pore number and size of the sorbent.
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