Theoretical prediction of adsorptio
cellulose molecules on the surface of

* borysyukviktor@gmail.com:

Abstract

N characteristics of
carbon nanostructures

V. Borysiuk?!’, T. Isokovi, Yu. Hizhnyil?, S.G. Nedilko!#, M. Shegedal,
Ya. Zhydachevskyy?3

I Taras Shevchenko National University of Kyiv, 64/13 Volodymyrska st., Kyiv, Ukraine
2 Institute of Physics, Polish Academy of Sciences, Al. Lotnikow 32/46, Warsaw 02-668, Poland
3 Lviv Polytechnic National University, 12 Bandery st., Lviv 79013, Ukraine

Calculation method

Currently, the optical characteristics of nanocomposite materials based on cellulose and carbon nanostructures (CNSs) are being actively studied [1]. Calculations of the electronic structure of cellulose molecules

Despite intensive studies, several key problems regarding the peculiarities of the interaction of the components of nanocomposites "cellu
remain unsolved. These are, in particular, the questions regarding the types of bonds formed in the material between components, the mutual
components on their physical (electronic, optical, and other) properties, and the role of individual components' in formation of the properties of

Our studies were carried out in the form of the electronic structure calculations performed by the quantum chemical method in the DFT approximation
[2]. The calculations revealed the mechanisms of the cellulose molecul adsorption on the surface of carbon nanotubes CNT(5,5) and single-layered graphene E—E c £
sheets, both bare and doped with boron or nitrogen. Binding energies and inter-nuclear distances between components were calculated and analyzed. b ™ =CNS+MC ™ =CNS — =MC

Calculation results were discussed in view of the possible influence of doping and surface functionalization of carbon nanostructures on cellulose

optical (light absorption) characteristics. Perspectives for the efficient doping and surface functionalization of nanostructured carbon materials

lose-CNSs" still adsorbed on the surface of carbon nanostructures were carried out
influence of the within the DFT approximation using Gaussian 09 software package
material . with use of 6-31g basis set.

The binding energy between adsorbent (CNS) and adsorbate (MC) was
calculated by the formula:

where E \sumc IS the calculated totad energy of the geonyetrically-
optimized CNS + MC system, E,\s @nd E,,c. are the total energies of
CNS and MC, calculated separately/within the same approximations. If
the calculated value of E, is negative, it is assumed thdt the MC is
adsorbed on the surface of thg' CNS. If the E, value is/positive, the
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Adsorption of MC on CNS functionalized with oxygen-containing surface groups

Table. 3. Calculated characteristics of adsorption configurations of MC(2) cluster on the surface of
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Fig. 3. Optimized geometries of MC clusters adsorbed on the sufrace of graphene sheets
functionalized with oxygen-containing surface groups.

Conclusions

The quantum chemical method of electronic structure calculations Iin the DFT approximation was applied in
computational studies of interaction of cellulose and carbon components of composite materials, namely, clusters of
cellulose molecules of different structures with surfaces of un-doped and doped with boron or nitrogen carbon nanotube
CNT(5.5) and graphene sheet. The following can be derived from analysis of the calculation results:

1) Adsorption of cellulose molecules on the surface of un-doped CNS should generally be considered unlikely, as
calculations show the absence of covalent interatomic bonds.

2) Interaction of clusters of cellulose molecules with graphene surface should be more pronounced if compared to the
case of nanotube surface because the obtained interatomic distances between cellulose and graphene atoms are
significantly shorter (2.2 - 2.4 A compared to 2 3 A in the case of interaction "MC - CNT").

3) Interaction of cellulose molecules with the surfaces of carbon components of composite materials should be
considered as relatively weak. However, this interaction can be somewhat enhanced by additional carbon surfaces
doping by aliovalent substitution impurities, in particular boron.

4) Molecular cellulose does not form chemical (covalent) bonds with oxide surface groups of functionalized graphene.
However, 1.6 - 1.8 A distances between O and H atoms indicate existence of stable hydrogen bonds between MC and
functionalized graphene surface.
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