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The results of studies on nanopharmacology have made conditions to develop a hypothesis:
from the standpoint of quantum mechanics an increase in pharmacological properties of nano-
particle based medications is driven by the preponderance of wave properties over corpuscular
ones. According to results obtained the changes of spin states in molecules is one of the es-
sential properties of living matter, which is characterized by self-organization. Self-organiza-
tion is also common in nanostructures. Therefore, the quantum wave properties of nanopar-
ticles with their high ability to change spin states determine pronounced pharmacological effect
of nanoparticle based medications. At this stage of research the scientific facts received do
not rise to the possibility to experimentally or mathematically justify the assumptions made,
so please take them for granted. I am convinced that this article will be the ‘nanomotor’ that
will attract world’s scientists to continue research in order to prove current hypothesis — the
wave properties of nanoparticles determine their high activity — experimentally.
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The second half of XX and beginning of XXI century can be called a period of
significant growth of interest of world’s scientists in conducting research in nanosci-
ence, development of which will enhance an appearance of new technology that deals
with synthesis of different nanomaterials, medicines and study of their properties.
Research on the mechanical, physical, chemical, biological, and pharmacological prop-
erties of nanoscale structures are currently rapidly developing [1, 2, 6, 11, 16].

Nanostructured materials is also the subject of growing interest for basic and ap-
plied sciences, because with a decrease in the size of their structures to the nanoscale,
they acquire new properties, which may be driven by their quantum wave effects and
an increase in vibrational-energetic activity of nanoparticles [4, 12, 13, 25, 28].

Nowadays mechanical, thermodynamic, electrical, optical, magnetic, and biological
properties of nanostructured materials are being determined.

On pharmacology department of Bogomolets National Medical University (Kyiv,
Ukraine) the studies on pharmacological and toxicological properties of nanosized
silica, nanosilver, nanocopper, nanoiron, and nanocarbon have been being carried out
for last 15 years. The results of studies have made conditions to develop a hypothesis
that from the standpoint of quantum mechanics an increase in pharmacological prop-
erties of nanomaterials is driven by the preponderance of wave properties over cor-
puscular ones [15, 16, 19, 20].

Quantum mechanics is a fundamental physical theory that, from the view on mi-
croscopic and nanoscale materials’ characteristic, extends, refines, and combines the
results of studies in classical mechanics, physics, chemistry, and electrodynamics
[5, 7].

Quantum mechanics explains the three major phenomena in surrounding objects:
1. Presence of wave-particle duality of matter, i.e. the existence of wave and particle
properties in all surrounding objects. 2. Presence of mixed quantum states in materials.
3. Quantization of certain physical phenomena. Examples of quantum parameter are
the angular momentum, the total energy of the limited system and the energy of elec-
tromagnetic radiation of a certain frequency. Quantum mechanics is important in un-
derstanding how individual atoms combine with each other and form a specific chem-
ical elements, compounds, nanoparticles, micro- and macrostructures.
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Properties of nanoparticles that can confirm a significant role of the wave prop-
erties of nanomaterials in improving their mechanical, thermodynamic, electrical,
magnetic, catalytic properties, and biological and pharmacological activity have
been already established today.

A change in the spin state of electrons in a molecule can be caused

by either a strong external magnetic field or by spin-orbit coupling

netie momentum of (SOC)- Spin effects play an important role in biochemical and

an electron and is  Pharmacological reactions and require further fundamental re-

purely quantum  s€arch [8, 39]. Furthermore it is fundamentally important to take

characteristic into account the possibility of transitions with a change in spin

in metalloclusters that cannot be done using conventional medi-

cines which are diamagnetic molecules in singlet ground state. These drugs are also

able to influence the course of biochemical processes in the cell by chemical reactions
that are typical of traditional bioorganic chemistry [18].

Chemical reactions can be regarded as occurring with spin adjustment. If a nano-
particle is able to easily change the spin state, then great opportunities for so-called
spin catalysis open up, i. e. effect of nanoparticle on biochemical reactions is greatly
enhanced. As an example, this phenomenon can be explained by the reaction of mo-
lecular oxygen binding to hemoglobin. Ferriporphyrin surrounded by protein molecules
is an active center of hemoglobin and has 4 unpaired electron spins (quintet state).
A molecule of oxygen is known to be paramagnetic and to have a triplet ground state.
After molecular oxygen binding to hemoglobin the ground state of the whole complex
(oxyhemoglobin) is singlet, i. e. during such kind of binding a change in spin state
definitely takes place [31].

Cytochrome P450 is a part of horseradish peroxidase, found in the roots of plant
horseradish, and a number of other important enzymes that carry out the hydroxyla-
tion of hydrocarbons, including ferriporphyrin. Reactions of cytochrome P450 go
through a number of changes in spin states. On the basis of quantum-chemical calcu-
lations based on the spin-orbit interaction electronic mechanisms to overcome the spin
prohibition in enzymatic activation of molecular oxygen in several heme-containing
enzymes, peroxidases, monooxygenases, hemoglobin, myoglobin, cytochromes and
other flavoproteins, as well as glucose oxidase activity that is essential for biochemical
reactions, have been studied [9, 32].

Changing of the spin states in biomolecules is one of the essential properties of
living matter, which is characterized by self-organization. Therefore, the quantum wave
properties of nanoparticles with their high ability to change the spin states appear to
be useful in considering the pharmacological action of these drugs. Quantum nanop-
harmacology should detect this kind of quantum transitions in medical action of nano-
particle based medications [14].

Therefore it’s possible to develop a hypothesis that electron and molecule spin

is one of crucial characteristics of wave properties of nanoparticles that prevail
over corpuscular ones.
Optical phenomena in nanoparticles of gold and other noble met-
als are based on quantum size effects and play a significant role
only when the particle size is substantially smaller than 10 nm. However, changes in
optical properties occur even if the size of metal nanoparticles is smaller than the
wavelength of visible light, i. e. smaller than 500 nm [10].

Resonant tunneling diode uses tunneling effect, discovered by G. A. Gamow, — an
ability of electrons to pass through the potential barrier, if their width is comparable
to the wavelength of L. de Broglie. Resonant tunneling diode consists of two barriers
separated by an area of low potential energy — quantum well. One or more allowed
discrete energy levels of electron exist here. A typical width of barriers and wells be-
tween them is a few nanometers. Areas on the left and right side of barriers act as
reservoirs of conduction electrons. The mechanism of resonant tunneling is driven by
properties of electron that penetrates into the region between barriers, is delayed there
for a long time, and as a result of multiple reflections from the left and right barriers
significantly increases the probability of tunneling [35].

Spin is an intrinsic
angular and mag-

Optical properties
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Magnetic properties of nanostructured materials are intensively
studied by world’s scientists [17]. Particular attention is paid to
investigation of magnetic properties of ferromagnetic materials, such as iron, nickel
and cobalt. Electron has an important quantum-mechanical characteristic — an intrin-
sic moment of momentum, or spin, which has not been given sufficient attention of
developers and researchers until recently. This research direction is called «spintron-
ics». The aim of spintronics (spin electronics, or magnetoelectronics) is development
of devices, based on the employment of electron spins’ properties. This is a novel field
of science and technology in which both charge and electron spin are used in creation
of new functional devices [22].

Discovery of a giant magnetoresistance contributed to development of new scien-
tific [34] and technological direction — spintronics, in which much attention is paid
to the electron spin — a quantum-wave characteristic, reflecting the intrinsic momen-
tum of a particle [22].

Another important phenomenon that occurs in case of a further decrease in the
magnetic particles’ size and which is a characteristic of nanoscale magnetic particles
is superparamagnetism [30].

Superparamagnetism is one of the outstanding properties of nanoparticles, which
led to their experimental discovery in the mid-twentieth century. Phenomenon of su-
perparamagnetism can be understood by considering the behaviour of isolated single-
domain magnetic particles. Superparamagnetism is a type of magnetism, which is a
characteristic of ferromagnetic or ferrimagnetic materials’ nanoparticles, and in which
the magnetic moment of single-domain particles spontaneously and accidentally chang-
es its orientation due to thermal fluctuations. A key premise, in which nanoparticles
are superparamagnetic, is a temperature value that exceeds the so-called blocking tem-
perature — the temperature that corresponds to the maximum magnetization [24].

Thus, according to the mentioned above, the effectiveness of nanoparticles in most

applications is the highest in condition that nanoparticles’ size is less than a critical
value, which in turn depends on their chemical composition, and is usually about
10—-20 nm. As a result, each nanoparticle becomes a single magnetic domain and re-
ceives superparamagnetic properties. We can assume that the phenomenon of super-
paramagnetism is caused by the predominance of the wave properties over the corpus-
cular ones in nanomaterials.
Experimental data has shown that at high nanoparticles’ con-
centrations the surface tension increases with the elevation in
particles’ concentration in all cases. However, at low particles’ concentrations the
trends are different for different base fluids, and in case of addition of surfactants or
without their addition. Nanoparticles tend to accumulate at the gas-liquid interface.
This indicates that the concentration of nanoparticles in/near the surface of gas-liquid
will be higher than in the middle of drops [37, 38].

For deionized water containing Al,O, the surface tension remains constant at a low
concentration of particles. This is because in such dilute suspensions the distance between
the particles is much larger than the particle size, and therefore the interaction forces
between particles in/near the surface of gas-liquid interface have little effect on the surface
energy. However, in case of elevation in particles’ concentration, particles become closer
to each other, and strength of van der Waals interaction increases. This leads to enhance-
ment of free energy on the surface and elevation of the surface tension [36].
Nanothermodynamics Nanothermodynamics as a separate field of physics was founded

in 2001, when T.L. Hall formed the first law of thermodynamics
for small systems [26], which also include nanosystems. The scientist used the first
law of thermodynamics for macrosystems:

dU = TdS — pdV + S pdN,

where U — internal energy of the system, T — absolute temperature, S — entropy, p —
pressure, V — change of volume, in which the chemical potential of systems component
u, and the amount of matter N, were added.

Magnetic properties

Surface tension
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Since in case of small systems the number of individual components has a great
importance, T. L. Hall increased contribution of £ udN, summand in the result of the
equation and introduced the concept of “subdivisional potential”, which is the chem-
ical potential of a single small system:

dU = TdS — pdV + LudN, + EdN,

where E is “subdivisional potential”, the effect of which increases with elevation of
N — the number of individual small systems (e. g., nanoparticles). The above mentioned
equation is an attempt in formulation of the first law of thermodynamics for small
systems, including nanomaterials.

In the search for the thermodynamic laws of nanosystems’ existence it has been
established the need to introduce so-called local thermodynamic functions: local pres-
sure, temperature, chemical potential, etc. [21, 27]. This approach has been called as
«quasi-thermodynamic assumption» [33].

Moreover, with decreasing of particle’s size, the laws of its thermodynamic quan-
tities, including surface energy, change too. When the particle’s size is 1-10 nm, its
thermodynamic properties require a precise investigation. But when the particle’s size
is less than 1 nm, it acquires the properties of the surface. It is important to understand
the dimensions of inhomogeneity of such systems, as when transiting from the mac-
roscale to the nanoscale the influence of some physical parameters decreases (e. g.,
gravity) and the influence of others, such as the capillary diameter, surface tension,
Tolman length (a quantity, describing the decrease in surface tension of a drop of
fluid at the transition from micro- to nanoscale), grows [2].

Thermal conductivity is one of the characteristics of nanomaterials’ thermodynam-
ics. This value is sensitive to changes in structure, including the factors of dimension.
As materials’ size significantly decreases their thermal conductivity also decreases due
to scattering of electrons on the intergranular boundaries. For instance, thermal con-
ductivity of nanocrystalline silver 20—47 nm is 3.5-4.0 times lower than in a case of
conventional coarse-crystalline silver [3].

For nanomaterials with the size of structure of several nanometers Hall-Petch
relationship fails to work. Additionally, there is an inverse Hall-Petch relationship:
as soon as the size of the structure is reduced to 10 nm, the grain boundaries of poly-
crystalline nanomaterials are starting to slide [23]. It can be assumed that changes in
thermodynamics of nanomaterials are due to the predominance of the wave properties
over the corpuscular ones.

Conclusion. Despite the fact that a great number of phenomena that occur during
the transition of matter into nanoscale have been established, many mysteries remain.
Unique mechanical, physical, chemical, physico-chemical, electromagnetic, electrical,
pharmacological, toxicological, and other properties of nanomaterials are already work-
ing for the benefit of mankind. A lot of medicines based on nanoparticles have been
created, such as Sylix (silica nanoparticles as a powder), nanosilver (ointment), nano-
iron (solution for injection or capsules), and liposomes. However, one cannot allege
that their therapeutic properties can be fully explained by existing knowledge in phys-
ics, chemistry, biochemistry or pharmacology. The discovery of new quantum proper-
ties of nanoparticles will be particularly intriguing, because it is known that with
decreasing of the object’s size the role of nanomaterials’ quantum wave effects in-
creases. The predominance of the wave properties of nanomaterials over corpuscular
ones causes a significant change in their physical and chemical characteristics and
enhances their pharmacological activity.
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XBUJIBOBI BJIACTUBOCTI HAHOYACTUHOK: ITOIJVIA/L HA TTIPOBJIEMY
1. C. Yexman (Kuis)

OTtpumani pe3yabTaTl AOCITIKeHsT HaHO(MApPMaKOJIOTii 03BOININ BUCIOBUTH TilTOTE3Y: 3 T0-
3UIIH KBAaHTOBOI MeXaHiKU Mi/IBUTIEHHS (HapMaKOJIOTiYHOI aKTUBHOCTI HAHOMPENapaTiB 3yMOBJIEHO
repeBaskaHHAM Y HUX XBUJILOBUX BJIACTUBOCTEH HA/l KOPITYCKYJISAPHUMU. Y HAHOPO3MIPDHUX CTPYK-
Typax JIOMiHY€ KOJMBAJIbHO-CHEPreTHYHA AKTUBHICTb TAKUX PEUYOBUH. 3TiZTHO 3 OTPUMAHUMHU PE3YJIib-
TaTaM¥, 3MiHa CHIHOBUX CTAHIB Y MOJIEKYJIAX € OJIHIEIO 3 HEBi/l'EMHUX BJIACTUBOCTEI JKUBOI MaTepii,
TSI SIKOI XapakTepHa caMOOPraHi3alis, sl HAHOCTPYKTYP — TaKoXK caMoperyJisiis. ToMmy KBaHTOBO-
XBUJIbOBI BJIACTUBOCTI HAHOYACTUHOK 3 iX BUCOKOIO 3/[aTHICTIO /10 3MiHM CIIHOBUX CTaHiB BU3HAYAIOTD
BUpPaKeHy dhapMakoJIoriuny jifo Hanonpenapatis. Ha manomy erani pociijskenb oTpuMaHi HayKOBi
(akTu He J03BOJISIIOTH EKCIIEPUMEHTAIBHO a60 MAaTEMAaTUYHO OOIPYHTYBATH BUCYHYTY rimoresy. Ile-
PEeKOHAaHM, 1O MPUNYIEHHA, BUCJOBJIEHE B 11iil cTaTTi, OyAe THM HAHOMOTOPOM, AKHUIl 3aJy4uTh
YUEHUX CBiTY /10 NMPOJOBKEHHS HAYKOBUX JIOCJI/DKEHb 3 METOI0 €KCIIEPUMEHTANBHO JIOBECTH BUCY-
HYTY TilOTe3y — XBUJIbOBI BJACTHBOCTI HAHOUACTUHOK BU3HAYAIOTD iX BUCOKY aKTUBHICTb.

KmouoBi ciioBa: XBUIBOBI BJIaCTUBOCTI, HAHOYACTUHKM, CIIIHOBI CTaHH!, BUCOKA aKTUBHICTb.

BOJIHOBBIE CBOMCTBA HAHOYACTMULI; B3LJISA/I HA IIPOBJIEMY
U. C. Yexman (Kues)

[TosyueHHbIe pe3yIbTaThl UCCAEAOBAHUIN 10 HAHO(GAPMAKOJIOTUN TTO3BOJIMJIA BBICKA3aTh THIIO-
Te3y: ¢ MO3UINI KBAHTOBOI MEXaHWKH TIOBbIIIEHHASA (apMaKojornyeckas akTHBHOCTb HaHOIIpena-
paroB 06yCJIOBJIeHA [IPEBAIMPOBAHIEM B HIX BOJHOBBIX CBOIICTB Ha/l KOPIYCKYJISIPHbIMU. B HaHO-
CTPYKTYpax KosieGaTebHO-9HEPreTuyecKasl akTHBHOCTh TaKUX BellecTB goMunupyer. CoriacHo
[OJIyYE€HHBIM Pe3yJIbTaTaM, U3MEHEeHIe CITMHOBBIX COCTOSHUI B MOJIEKYJIaX SIBJISETCS HEOThEMJIIEMbIM
CBOICTBOM JKMBOI MaTe€pUH, JJIs1 KOTOPOII XapaKTepPHA CAaMOOPraHU3alus, IS HAHOCTPYKTYP — TaK-
ke camoperyisiiust. [[0aToMy KBaHTOBO-BOJIHOBBIE CBOHCTBA HAHOYACTHIL C UX BBICOKOH CITOCOGHOCTBIO
K M3MEHEHUIO CITMTHOBBIX COCTOSIHUI CTIOCOOCTBYIOT BBICOKON (hapMaKkosorndeckoil achdexTuBHOCTH
nHanorpenaparoB. Ha atom arane ucciesoBannii mosydyeHHnble HayqyHble (DaKTbl HE TTO3BOJIAIOT KC-
[EPUMEHTAIBHO UJIM MaTEMATUYeCKN 000CHOBATD JAHHYIO TUIoTe3y. YOeKIEH, 4TO IPEI0N0KEHNE,
BBICKA3aHHOE B JAaHHOI cTaThe, OyJEeT TeM HAHOMOTOPOM, KOTOPBIH MPUBJIEYET BHUMAHUE YUEHBIX
MUPa K IPOOJIKEHUIO HAYYHBIX HCCJIEOBAHUN C 11EIbI0 9KCIEPUMEHTAIBHOIO [0KA3aTeJbCTBA BbI-
JIBUHYTOUN THUIIOTE3bI — BBICOKYIO aKTMBHOCTh HAHOUYACTHIL ONIPE/IEISIOT UX BOJTHOBbIE CBOWCTBA.

KaioueBbie ciioBa: BOJTHOBBIE CBOI‘;ICTBa, HaHOYaCTHILbI, CITMHOBOEC COCTOAHMHE, BbICOKAA aKTUB-
HOCTb.
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