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composite to improve its electrical conductivity

linstitute of Biomedical Systems, National Research University of Electronic Technology, MIET, Zelenograd, Moscow, Russia;
“Institute for Bionic Technologies and Engineering, Sechenov First Moscow State Medical University, Sechenov University, Moscow, Russia;

M. Save|veV1,2, A. KUKSinl, E. Otsupko 1’ V. Suchkova 1,2’ K. POpOViChl’Z, P VaSileVSkyl’ U Kuriloval,z’
S. Selishchev!, A. Gerasimenko?~

*Email: t1004380@org.miet.ru

Abstract

The combination of single-walled carbon nanotubes (SWCNTs) and reduced graphene oxide (rGO) in the photoresist minimizes the amount of carbon particles. While
developing neuroimplants, designed to restore damaged neural networks or modulate pain transmission, the key requirements are both biocompatibility and electrical conductivity.

Methods Table 1. Optical parameters of photoresist
Photolithography of the composite was performed with an ytterbium laser at
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kHz and power of ~550 mW (Fig. 1). The photoresist used was SWCNT 0.6 mg/mL mg/mL Coefficient  Cross toLaser  Index, Index,
mg/mL, rGO 0.6 mg/mL and SWCNT (0.3 mg/mL)/rGO (0.3 mg/mL). The final a, cm- Section, Radiation,  n, au.  n, cmiTW
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biohybrid structure contains proteins, chitosan and eosin Y (Fig. 2).
1 0.6 - 35 530 0.15 1.3619 15
_ 2 - 0.6 25 430 0.25 1.3642 15
Scanner with Laser beam
axis p)c()/s\i(tioner 3 0.3 0.3 31 640 0.05 1.3628 25
= The nonlinear absorption cross section was determined by the formula:
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concentration moles divided by liter (mol/L); A is Dirac constant (J-s); w is cyclic frequency (Hz). The
nonlinear refractive index is determined according to the formula:
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Computer Controller mim where x=z/z, is normalized coordinate; a is linear absorption coefficient; d is optical thickness of the
sample; |, is maximum intensity in focus; Ais wavelength; n, is nonlinear refractive index.
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Figure 1. Laser system
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Figure 4. Beam profile when irradiating a sample with laser pulses: nanosecond

duration far from focus (a), in focus (b) and with formed composite after 0.3 s (c) pattern (Fig. 4); L is line length.

Mixing with Laboratory

mo WD aooora The formation of the structure was simulated by the molecular dynamics method with SEM monitoring (Fig. 5).
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‘ ] The specific electrical conductivity of 15 layers 5x5 mm was determined using the four-probe method (Table 2)
N e T e - . . and Fig. 6. Biodegradation was estimated by the mass of the swollen sample in an isotonic sodium chloride solution
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7" [Collagen/BSA/CHitosan = = _ — N and dried, and enzymes: lipase - 25,000 PhEur; amylase - 18,000 PhEur and protease - 1000 PhEur (Fig. 7). In vitro
omponent name oncentration, Mo biocompatibility studies were conducted with the Neuro 2A cell line with the MTT test for 72 hours (Fig. 8).

SWCNTs/rGO/Eosin Y

SWCNTs 06 0.1 - 0.3 0.1 4
{} rGO - 06 0.1 0.3 0.1
BSA 50.0 +1.0 50.0 +1.0 50.0 +1.0
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Eosin Y 1.0 0.1 1.0 0.1 1.0 0.1
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Figure 2. Composition of Photoresist
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Figure 5. Response of a hybrid based on a graphene flake bonded to SWCNT to an external electric field over time (a), a
fragment of the layer surface of hybrids based on graphene flakes bonded to SWCNT after laser exposure (b) and SEM
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Table 2. Electrical conductivity of samples 5
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Figure 3. Scheme of the setup for conducting research using the Z-scan method 3 0.3 0.3 35 Figure 6. Specific conductivity of biocomposite (a) and appearance of
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The presence of appropriate optical properties for photopolymerization was 1 ] | e clbase Estimation of mass loss and
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photoresist component. All of its components, with the exception of Eosin Y, g T Mo

have only insignificant linear absorption at a wavelength near 535 nm. It is its
presence that allows photopolymerization using laser radiation with a wavelength
of 1070 nm, which is confirmed by the absence of such an effect outside the
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where M, is the mass loss after t days of
degradation, m, is the initial value of the
mass of the dry sample before degradation,
m, is the mass after t days.
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Figure 4. Results of measurements using the Z-scan with open aperture " | The developed composite in the process of degradation
(a), close aperture (b) and spectra of photoresist components (c) | . SR e —— can be replaced by biological tissue during this period with the

Figure 8. Image of cells after three days of observation maintenance of electrical conductivity.
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