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STUDY OF THE CORRELATION BETWEEN THE CONTENT OF NANOOBJECTS
AND SURFACE FEATURES
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Abstract: It is well known that at the present time two basic aspects of a material’s nano-objects sensitization should be
considered. The first aspect relates to the change of the material’s basic physical-chemical properties when the concentration
of the nanoobjects in the material’s body is varied. The second aspect is in regard to the modification of surface properties on
the content of the nanoobjects in the material’s body. In the current paper the correlation between the concentration of the
nanoobjects and wetting phenomena of the material’s surface is considered. Different experimental instruments and
supporting models are presented with good coincidence.
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Introduction

Currently, more and more nanotechnological aspects are considered, both from a fundamental point of
view for expanding the material science knowledge, and from a practical point of view, due to the
widespread use of the nanomaterials and devices based on them in general optoelectronics and
biomedicine. Different nanoparticles (NPs) are used for these aims. Fullerenes (Kritschmer, 1990a;
Kritschmer, 1990b; Liu, 1994; Couris, 1995; Brabec, 1999; Belousov, 1999; Kamanina, 2002), carbon
nanotubes (CNTSs) (Robertson, 2004; Namilae, 2004; Ould-Moussa, 2013), quantum dots (Liu, 2003;
Babaev, 2019), shungites (Rozhkova, 2007; Sheka, 2014), and reduced graphene oxides (Sobon, 2012;
Abbaspour, 2017) are studied and applied to dope organic materials in order to reveal a change in their
basic physical-chemical parameters.

Recently an interesting phenomenon has been predicted and found when the core (skeleton) of the
nanoobjects introduced in the organic material’s body influences the surface properties. The Lotus
effect can be observed, the realization of the liquid crystal molecules orientation on the established
surface relief has been shown (Kamanina, 2019a; Kamanina, 2019b), and an additional optical limiting
mechanism can be found (Kamanina, 2020a).

In the current paper, another aspect of the surface modification due to the content of the nanoobjects
varying in the material’s body is considered. The correlation between the content of the nanoobjects
inside the organic matrixes based on the polyvinyl alcohol and polyimide and their surface features
has been established, shown, and explained.

Experimental conditions, materials and results

As the model material, polyvinyl alcohol (PVA) (structure, type #182480-500MG (in catalog Alfa
Aesar and Aldrich) with the molecular mass of 100000 a.u. and polyimide (PI) structure obtained from
L.Ya.Karpov Research Institute of Physics and Chemistry, Moscow, Russia) was used. PVA water
solution was made with the content of the dry PVA in water of 8.0 wt.%. As the nanoobjects the
fullerenes Cz powder with a purity of 97% and single wall carbon nanotubes (SWCNTSs), type
#704121, with their diameter placed in the range of 0.7-1.1 nm, purchased from Alfa Aesar and
Aldrich Co., was applied. The content of the CNTSs in the water solution of the PVA matrix was varied
from 0.1 to 10 wt.%. The content of the fullerenes in the polyimide media were varied from 0.1 up to 1
wt.%. The thin polyimide films were prepared from 3-6.5% solutions in the tetrachloroethane solvent
and then the compounds were poured by centrifugation onto the glass substrates.

OCA 15EC instrument, purchased from LabTech Co. (Saint-Petersburg-Moscow, Russia), was used in
order to establish the change of the wetting angle at the modified polymer surfaces, when the content
of the nanoobjects in the model material’s body was varied.

It should be noted that the wetting angle increases due to an increase in the nanoobjects concentration,
which directly changed the surface relief. In reality this is because of the nanoobjects’ hexagonal and
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pentagonal core that changed the roughness of the surface. The data shown in Fig.1 indicate some
results of wetting angle increase via content of the CNTs change in the PVA matrix. This figure
reveals the dependence of the wetting angle of the water drops at the surface of thin-film PVA matrix
with CNTSs concentrations varying of 0.1; 0.5; 1.0; 5.0 and 10.0 wt.%.

Figure 1: Dependence of the wetting angle on CNTSs content in the body of the PVA matrix. Curves
1-9 represent the data of 45 samples combined in 9 groups, with the content in each of the groups of
five concentrations of CNTSs.
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Analyzing the data obtained from Fig.1 one can testify that there is a threshold value of the slope angle
after which its stationary value is set. For the PVA matrix doped with the 0.1 and 0.5 wt.% of the
CNTs the maximum wetting angle can be found. At high concentrations of nanotubes, most likely, the
angle saves the stationary level, perhaps, due to the interweaving of the nanotubes themselves in the
PVA matrix and their inhomogeneous distribution.

Moreover, this saturation level of the wetting angle on the nanoobjects content can be probably
explained by the fact that the PVA polymer chains themselves can enter into the nanotubes, apparently
causing a change in the distribution of these chains over the volume of the PVA material. Some
guantum chemical modeling supported this fact has been made before (Kamanina, 2011); an additional
picture, which can present this process is shown in Fig.2. It should be remarked that the quantum-
chemical simulations of the modified structure and the penetration effect have been performed using
GULP and TBDFT (Das, 2009) programs. Using the molecular dynamics method for a simple system
of an SWCNT on a PVA matrix, the simulation has employed an SWCNT fragment with a diameter of
1 nm and a length of 4-5 nm on a 4 nm thick PVA film with an area of 6x6 nm?. The nanotube has
been incorporated into the matrix to a depth of ~2 nm. In Figure 2 is shown the introduction of the
PVA into CNTSs.

Returning to Fig.1, it should be remarked that the same evidence of the wetting angle change via the
content of the nanoobjects varying has been obtained for the PVA matrix structured with the “Taunit”
NPs shown in the paper by Kamanina (2020b). The maximum level of the wetting angle and its output
to a stationary value were also determined by varying the concentration of nanoobjects in the volume
of the PVA matrix.

Thus, considering some practical application, one can conclude that this surface relief can be useful
for the display technique because it can be easy modified, for example, for the liquid crystal molecules
orientation from the orthogonal to planar position (and back) and can be proposed, for comparison, in
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the TN- and MWVA-display technology. This effect can also be considered in polarizing optics in
order to vary the transmittance of the parallel and orthogonal light components.

Figure 2: Model representation of the process of how the PVA polymer chains penetrated into the
carbon nanotubes.

Source: Author

The data shown in Table 1 indicate some results of wetting angle increase via content of the fullerene
Cro change in the polyimide matrix. This data reveals the dependence of the wetting angle of the water
drops at the surface of thin-film Pl matrix with the fullerene Czo concentrations varying of 0.1; 0.2;
0.5; and 1.0 wt.%.

Table 1: Comparative results of the wetting angle change with an increase in the fullerene Co
content in the model polyimide matrix.
Structure Nanoobjects Wetting angle, degree
content, wt.%
Pl pure 0 60 61 60 60 63 61
PI1+0,1wt.%Co 0.1 70 70 71 70 70 71
PI1+0,2wt.%C7o 0.2 74 75 75 74 73 75
PI1+0,5wt.%C7o 0.5 77 78 78 77 79 77
PI+1,0 wt.%C7o 1 93 90 93 89 90 89
Source: author

One can testify that other evidence can be registered when the organic matrix has been doped by an
intermolecular strong acceptor such as the fullerene Czo. A clear and consistent increase in the wetting
angle of the water drops is observed on the surface of the sensitized polyimide with an increase in the
concentration of fullerene Cro.

Due to the fact that fullerenes are actively involved in the creation of an intermolecular charge transfer
complex with a triphenylamine donor fragment of a polyimide molecule (Kamanina, 2012) the
uniform distribution of fullerenes in the polymer matrix is observed. Really, it should be taken into
account that, for example, the monomeric links of pure polyimides are intramolecular donor-acceptor
(D—A) complexes with the charge transfer between the donor and acceptor molecular fragments,
which can be changed under the condition of intermolecular acceptor introduction. Polyimides consist
of acceptor diimide fragments with the electron affinity energy of 1.12—1.46 eV and of donor
triphenylamine fragments with the ionization potential of 6.5—9.2 eV. Low ionization potential
allowed the D—A complexes to be formed between monomeric links of the polyimide and
incorporated acceptor molecules during both structural-chemical and injection sensitizations. Thus,
according to the data in Table 1, one can observe an increase of the wetting angle without the need for
saturation, possibly because of the influence of the intermolecular D—A on the nanoobjects’ regular
distribution. It is shown in the growth of the wetting angle as an increase in the concentration of
nanoobjects.
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Conclusion

To summarize the obtained results and proposed idea, one can present the following interesting
aspects, which can extend our knowledge in the area of material science and which can be useful for
future practical applications.

For each organic matrix, there is a certain concentration range of the dopant (sensitizer), at which there
is a variation in the configuration of the surface relief. The surface configuration can be tested via the
wetting angle of the water molecules drop testing. For organic materials without the initial donor-
acceptor interaction (for example, the PVA matrix), there is an original angle of inclination of the
water molecules on the surface, which is directly related to the concentration of the introduced dopant
in the organic material’s body. It is worth noting that for the organic materials with an initial donor-
acceptor interaction and for the materials without such a property, the tendency to change the angle of
inclination depending on the concentration of nanoobjects inside the polymers will be different. Of
course, such studies should be continued for greater confidence in the observed effect, taking into
account its testing in other polymer matrices. The dependence of the angle of the water molecule drops
on the surface of the thin organic films helps to forecast the prospect of their use in LC display
technology, in the modulation technique, and in the explanation of the additional optical limiting
radiation effect as well. It can also be useful for general optoelectronics and biomedicine.
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