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Abstract.Method for boronic acid immobilization on the magnetite surface
reported.Immobilization of boronic acid on the nanocomposite surface was
confirmed using Fourier-Transform infrared spectroscopy. Proof of
principle experiments using obtained nanocomposites showed possibility of
their potential application for fructose sensing.
Keywords: multifunctional nanocomposites, absorption of fructose,magnetite,
Alizarin Red S, boronic acid.

Introduction. Recognition of different simple sugars in human blood is an
important taskforcurrent medicine. The most promising way to construct fructose-
sensitive materials is to use the ability of boronic acid to form reversible covalent
complexes with 1,2- and 1,3-diols [1-2]. Boronic acids has relatively small
toxicity and can be considered as “green” compounds [3].

Magnetite, FesO,4 is natural mineral with high biocompatibitily [4]. Sensor
applications in combination with magnetic properties of boronic acid-containing
FesO4 nanocomposites allow us to create highly biocompatible multifunctional
“green” materials for fructose detection.

Experimental. Magnetite was modified by 3-APTES using standart method
[5]. 5-Formil-2-furyl boronic acid (furyl borate) was immobizlied on the surface
of Magnetite/3-APTES composite in ethanolic solution. Immobilization of
Alizarine Red S was performed in phosphate buffer (pH=7.4).

Results and discussion. The general scheme of Fe;O,/3-APTES/boronic
acidnanocomposite synthesis is shown in Fig. 1. In the IR spectra of the obtained
composite and initial furyl borate (Fig. 2) characteristic absorption bands are
observed. They can be attributed to formilgroupinfuryl borate (1735 and 1803
cm™, probably splitting is due to intramolecular interactions of formil residuewith
hydroxyl groups of boronic acid).After interaction withaminomagnetite,
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absorption bands of formil disappear, what may indicate the formation of
Fes04/3-APTES/boronic acidcomposite. Absorption bandsof -B-C bondare is
observed at 900 cm™, absorption bandsof —B— O bond is observed at 1350 cm™.
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Fig. 1. Scheme of synthesis of Fe;0,/3-APTES/Boronic Acid Nanocomposite
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Fig. 2. IR spectra of furfurylborate (a) and nanocomposite Fe;0,/3-
APTES/boronic acid (b).

Based on the data obtained by IR spectroscopy furylborate was successfully

immobilized on the surface of magnetite.

The study of competitive interaction and nanocompositeFe;O, / 3-ARS /
furfurylborate with Alizaryn Red S and Fructose. The method is based on the
ability of immobilized boronic acid to bind cis-diol form of hydrocarbons

specificly(Fig. 3) [6].
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Fig. 3. The binding of cis-diol with boronic acid [7].
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AlizarinRed S (ARS) in phosphate buffer (pH = 7.4) is used as an indicator in
these types of reactions, Ama = 423 nm.
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According to the literature, a competitive reaction between sugar and ARSh
occurs in the processof absorption of sugars on the surface of the material which
contain acidic surface groups with Boron (Fig. 4):
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Fig. 4. The competitive reaction between sugars and ARS.

Thus, there is a "switch" of ARS molecules from non-fluorescence condition
to fluorescence one. Thus, the content of cis-diols in solution can be
quantitatively evaluated with the fluorescence of obtained conjugate. In addition,
there is a shift of the maximum of absorption band of cis-diol derivate in the
visible range. In our work itis demonstrated with the formyl-furylboric acid and
ARS in phosphate buffer (Fig. 5).
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Fig. 5. The absorption spectrum of ARS in phosphate buffer (1) and its
conjugate acid with formyl-furfurylboric acid.

Scheme of ARS binding with the surface of Fe;O4/3-APTES/boronic acid
nanocomposite is showen in Fig. 6.
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Fig. 6. Scheme of ARS binding with the surface of Fe;0,/3-APTES/boronic
acid nanocomposite

Based on literature data, in case of the addition of carbohydrate in the form of
cis-diol form the competitive replacement ARS on the surface of the composite to
sugar molecules should occur.

Release of ARS when fructose is added was confirmed by photocolorimetric
method. A model experiment was being conducted that based on competitive
sorption phenomena between ARS at the surface of nanocomposites and fructose.
It passes according to this scheme (Fig. 7).
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Fig. 7. Competition between ARS and fructose.

Conclusions. Modification of Fez;O, by boronic acid could be realized
throughout imine bond formation using formil-furyl boronic acid and NH,-
containing magnetite. Obtained Fe3O4,/3-APTES/boronic acidcomposite show
characteric adsorption band in FTIR spectra and able to interact with 1,2-diols
(e.g. ARS). Preliminary experiments confirmed possibility to detect glucose using
Fes04/3-APTES/boronic acid/Alizarin Red S nanocomposites according to
competitive interaction in phosphfte buffer.
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Pe3tome. Bucsimneno memoo immoobinizayii ¢ypdypunboopnoi xuciromu Ha
nogepxmio  macHemumy. Immobinizayito Ha  NOGEPXHI  HAHOKOMNO3UMY
niomeepodceno 3a oonomozorw 19 cnekmpockonii 3 @yp’c-nepemeopeHHsM.
Koumponvho-nepesipounuii  excnepumenm  OmMpUuMaHo20  HAHOKOMNO3UMY
NOKA3a6 NOMEHYIUHY MONCIUBICMb 3ACMOCY8AHHA 1020 O/  GU3HAYEHHs
@pyxkmosu.

Knrwowuoei cnosea: nonigpynxyionanvhi  HaHokomnozumu, abcopoyis  pykmo3su,

MazHemum, anizaput 4epeorutl S, 6opHa Kuioma.

106


http://www.sciencedirect.com/science/article/pii/S0040402002004891
http://www.sciencedirect.com/science/article/pii/S0040402002004891
http://www.sciencedirect.com/science/journal/00404020
http://www.sciencedirect.com/science/journal/00404020/58/26

