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Two feasible methods were developed for the preparation of CuS/Cu,O/CuO-GO or CuO-GO nanocomposites in the use of the
ultrasonic nanotechnology (20 kHz) and oxidized graphene nanomaterial. The CuS/Cu,0O/CuO-GO nanocomposites have a submicron
size (~ 490 nm) with small spherical nanostructures (~ 30 nm) on their surface. In contrast, CuO-GO nanocomposites exhibit a distinct
cone-like morphology (~ 20 nm) in the graphene network. The XRD studies reveal the crystalline phases of CuS, Cu,0 and CuO in
the first type of graphene nanomaterial, and distinct reflexes of the CuO phase in the second type of nanocomposite.

Nanomedicine offers beneficial approaches based on objects at the nanoscale aiming at an increase
of the drug surface area by reducing its size and modifying its surface to facilitate more rapid dissolution
and absorption by a target tissue [1]. Moreover, it provides techniques for safe handling and methods for
minimizing toxicity of nanoscale carriers for the in vivo application [2]. These nanoscale carriers can
significantly improve the bioavailability of drug and decrease the dose of administration, thereby enhancing
its therapeutic efficacy with lower side effects. The pharmacological properties of drugs can be enhanced
through the bonding with Cu(ll)-complexes via the Cu-O and Cu-Cu complexation. Importantly, the copper
carboxylates drugs constitute an important element of anti-inflammatory and anticancer agents, some of
which are a part of several commercially available drugs [3].

Graphene oxide (GO) can be used as a nanoscale carrier for a drug due to its high surface area,
biocompatibility and a very rich surface chemistry offering a wide choice for the smart design of effective
drug delivery platform [4]. GO can remain for a long time in a body and have good biocompatibility, but size,
shape, agglomeration state and toxicity (presence of contaminants) can cause undesired inflammation.
Appropriate GO purification and modification can increase the efficacy of drug loading in GO and optimize
adsorption/desorption kinetics at minimal toxicity. Immobilization with drug molecules can regulate GO
dispersal in water or in the cell culture media, reduce its cell/tissue toxicity and induce accumulation to the
target cells and tissues. Drug release from GO can be activated by the pH gradient naturally present in the
cells/tissues through the distortion of the interactions between the drug and GO nanocomposite.

Ultrasonic nanotechnology is an efficient tool to construct multifarious nanomaterials, and it derives
from acoustic cavitation, which is the formation, growth and implosive collapse of gaseous bubbles [5].
Nowadays little is known about the sonochemical formation mechanism of copper-GO nanocomposites and
much less about their interaction with the anti-inflammatory drug as aspirin or diclofenac via ultrasound.
This work aims at the development of new sonochemical method for the preparation of two different types
of new nanocomposites based on graphene oxide that is modified by CuS/Cu20/CuO nanostructures or
individual CuO nanopatrticles. The morphology of GO and CuO nanoparticles as well as CuS/Cu20/CuO-
GO or CuO-GO nanocomposites is shown in Figure 1 in the use of SEM technique. SEM images reveal
smooth planes of GO with a submicron size (Figure 1A), small spherical nanostructures (~ 30 nm) in the
carbon network structure (~ 490 nm) of CuS/Cu20/CuO-GO nanocomposites (Figure 1B), CuO
nanoparticles (~ 65 nm) (Figure 1C) and submicron CuO-GO nanocomposites with cone-like
nanostructures (~ 20 nm) (Figure 1D).

Figure 1 — representative SEM images of (a) graphene oxide prepared by a modified Hummer’'s method, (b)
sonochemically formed CuS/Cu20/CuO-graphene oxide nanocomposite, () CuO nanoparticles prepared by a wet
chemical precipitation method and (d) ultrasonically formed CuO-graphene oxide hanocomposites.
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The crystalline structure of CuS/Cu20/CuO-GO and CuO-GO nanocomposites is shown in Figure 2
in comparison to the GO nanoparticles. The XRD patterns reveal characteristic reflexes of graphene and
GO and CusS, Cu20 and CuO planes (Figure 2A) as well as distinct CuO crystalline phase on the GO
network (Figure 2B).
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Figure 2 — X-Ray powder diffraction patterns of a) graphene oxide nanoparticles and CuS/Cu20/Cu0O-GO
nanocomposite and b) CuO-GO nanocomposites that were synthesized in the use of the ultrasonic nanotechnology
(20 kHz, 18W/cm?).

In conclusion, two different methods have been developed for the formation of new CuS/Cu20/CuO-
GO and CuO-GO nanocomposites in the use of the ultrasonic nanotechnology via acoustic cavitation. The
first one is based on the sonochemical synthesis of three types of copper compounds involving CuS phase
and the second one is introduced by the ultrasonic binding of pre-formed CuO nanoparticles with the GO
nanomaterial. At present both types of copper-GO nanocomposites are being studied for their interaction
with aspirin and diclofenac in the use of ultrasound.
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YIIbTPA3BYKOBAA HAHOTEXHOJOINA AnA nojsiydeEdHuA
MATHETUTA B MATPULE OKUCJIEHHOIO rPA®EHA
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Benopycckuli 2ocydapcmeeHHbIl yHUgepcumem UHgopmamuku U paduos/1eKmpOoHUKU
2. MuHck, Pecniybniuka benapycb

Padwk [.B. — kaH). ¢bus.-mam. HayK.
PaspaboTaH HOBbIN yNbTpa3ByKOBOW MeTOA Ansi POPMUPOBaHMS CyneprapaMarHUTHOro MaTepuarna Ha OCHOBE okcuaa rpadpeHa u
MarHeTuTa C uenbio ero npuMeHeHus B Kadectee MaFHMTHO-yITIepOﬂHOVI MaTpuubl Ana Hocutena opraHM4YeCckux BeLLeCTB. HoBbIl

MarHWTHbIA HaHOKOMMO3WUT ObiN CMHTE3WPOBaH B BOAHOW ha3e Mpu BO3AeNCTBMM ynbTpa3syka c vactoTon 20 klu. NpoBeaeHbl
nccnefoBaHnss MopdonoruM, coctaBa W CTPYKTYpbl HOBOMO HAHOKOMMO3WTHOrO MaTtepuana. YCTaHOBMEHO, YTO MOSyYeHHbIi
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