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PECULIARITIES OF THE FLUORESCENCE
QUENCHING IN THE ATP — CALIX[4]ARENE
C-107 AQUEOUS SOLUTIONS

1. Introduction

The nature of fluorescence (FL) quenching for the aqueous solutions of adenosine triphosphate
(ATP) with caliz[{]arenes C-107 in the presence of silver nitrate AgNOs is studied. It is shown
that, for the water solutions of ATP and caliz[4]arenes C-107 at a constant concentration of
ATP molecules with an increase in the content of C-107, a complex nature of the PL quenching
is observed, while maintaining the position of the PL band near 395 nm (Aex = 285 nm).
Its complexity is based, on the one hand, in the wide range of concentrations of C-107, at
which it occurs, and, on the other hand, there are gaps in the quenching values for individual
concentrations of caliz[{]arene, near which it changes slightly. The indicated nature of the PL
quenching significantly depends on the wavelength of excitation and the temperature. Similar
quenching behavior is preserved, when AgNOss alts are added to the ATP-C-107 miztures,
(Carp = Cc-107 = 1 X 1074 M) in the concentration range from 1 X 1074 Mto 1x10™2 M. The
computer modeling shows that the system ATP-C-107 can form energetically stable complexes,
when ATP is located on the top of the caliz[{]arene and along the wall of it due to w-w-stacking
interaction, and the complexes are characterized by a shrinking of the energy bands.

Keywords: adenosine triphosphate, calix[4]arene C-107, fluorescence quenching, computer
modeling, IR absorption.

organisms and performs various functions to ensure

Adenosine triphosphate (ATP) belongs to one of the
most important nucleotide molecules in the living
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their activity [1-3]. At the same time, one of the
unique functions of this molecule is the energy trans-
fer to the cells and tissues that is released by this
nucleotide during the hydrolysis of ATP, which is ac-
companied by dephosphorylation [1-3].

The effect of the ATP on the hydrolysis is impor-
tant and can be achieved by its complexation by var-
ious receptors (ligands) accounting for the molecular
structure of the nucleotide [4] A special role in these
structures plays adenine, which contains nitrogen
atoms capable of transferring electrons, for example,
to silver cations Ag™, creating ATP-AgTcomplexes
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Fig. 1. Structural formula, showing four-membered model of a calixarene

due to the binding of a metal ion to N-7 or N-9 [5,
6]. Complexes of multicharged ions are more interest-
ing, since their connection to ATP is also associated
with the presence of anions in the triphosphate part
of ATP [7]. In addition to the electrostatic interac-
tion, hydrophobic, m-7 stacking interactions can be
formed, or hydrogen bonds can appear, that is, ac-
companied by the complexation of ATP with more
complex molecular systems, which are often used to
visualize the presence of ATP [8-11].

Such complexes are used as molecular probes, be-
cause they play an important role in biological pro-
cesses. A special place among various receptors is oc-
cupied by calixarene due to its cup-like structure,
see the structural formula (Fig. 1), showing four-
membered model of a calixarene as an example.

Calix[4]arenes belong to macrocyclic compounds,
consisting of phenolic fragments and connected by
methylene bridges. The lower level of calix [4]arene
includes a set of hydroxyl groups. It was shown that
the supramolecular complex of the calix[4]arene re-
ceptor with the ATP substrate is formed due to the
action of hydrogen bonds. Such supramolecular sys-
tems act as ATP hydrolysis catalysts, i.e. act as mod-
ulators of ATP hydrolysis structures [12].

The purpose of this work is to study the fluores-
cent properties of ATP in aqueous solutions with
calix[4]arene C-107 and to determine the possibili-
ties of the formation of supramolecular complexes us-
ing the PL quenching measurements and computer
simulations.

2. Experimental Part
2.1. Preparation of solutions

The substance of the calix[4]arene C-107 (5,17-
di(phosphono-2-pyridylmethyl)amino-11,23-di-tert-
butyl-26,28-dihydroxy-25,27 dipropoxycalix[4|arene)
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was synthesized in the phosphorus chemistry de-
partment of the Institute of Organic Chemistry of
the National Academy of Sciences of Ukraine as
described in [13].

The calix[4]arene C-107 substance was dissolved in
DMSO (Sigma, USA) (concentration (5%)) and, af-
ter tha, the water was added in order to obtain the
concentration calix[4|arene of 1 x 10™* M at two levels
of pH 7.4 and pH 6.5. The control spectra of fluores-
cence (at 0 calixarene C-107) were also recorded in
the presence of 5% DMSO in the solution.

The concentration of ATP molecules (Sigma Al-
drich/Merck) was 1 x 107*M and 3 x 10~% M. Dis-
tilled water was used with electrical conductivity not
exceeding 1.5 uS/cm, pH 6.5. The electrical conduc-
tivity of water was recorded using a conductometer
OK-102/1 (Hungary).

The concentration of AgNOj3 salt varied from 1 x
x 1074 M to 1 x 1073 M at the level of pH 5.8.

In the aqueous solutions of the ATP-C-107 sys-
tem, the concentration of ATP was constant (1 X
x107*M and 3 x 1074 M), whereas the concentra-
tions of calix|4]arene C-107 were: 1x 10712 1x 1071,
1x10719, 1 x1079, 1 x1078 1 x 1077, 1 x 1079,
1x107% 1 x 107* M.

The study of ATP-C-107 complexes was carried
out both at constant temperatures (21 °C, 20 °C) and
variable temperatures (20 °C, 30 °C, 40 °C). In the
aqueous solutions of ATP-C-107-AgNOs3, the con-
centrations of ATP and C-107 were constant Cc_197 =
= Carp = 1 x 107* M. The concentrations of Ag™
were Cag+ = 1 x 1074 M, 2 x 107*M, 4 x 1074 M,
6 x 1074 M, 8 x 1074 M, 1 x 1073 M. Study of the
ATP-C-107-AgNOj3 complexation was carried out at
a constant temperature of 20 °C.

Optical density spectra of solutions were measured
on a UV-1900 spectrophotometer (UV/Vis) (Macy,
Shanghai, China). The emission and fluorescence ex-
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citation spectra were measured on a spectrofluorime-
ter Quanta Master 40 Intensity Based Spectrofluo-
rimeter by PTT (HORIBA Scientific, Canada).

3. Results and Discussion

3.1. Formation
of ATP — caliz[}]arene complexes

Hydroxyl groups of the bottom ring of the ca-
lix[4]arene C-107 form intermolecular bonds with the
ATP. The presence of such bonds affects the hydrol-
ysis of ATP in an aqueous solution in the presence of
calix[4]arenes. Thus, calix[4]arene can acts as a cat-
alyst for ATP hydrolysis reactions [14]. The reason
for this intensification of hydrolysis is the formation
of the complexes (calix[4]arene — ATP). It is obvious
that, in the complex, first of all, the final anhydride
bond P-O-P is weakened, which contributes to its
break in the aqueous environment.

On the other hand, studies of the laser photoly-
sis and pulse radiolysis indicate a weak intermolec-
ular interaction in the ATP — calix[4]arene. At the
same time, such an interaction occurs as a result
of the heteroassociation of ATP with a neutral C[4]
molecule with the formation of an ATP — calix[4]arene
complex, which is responsible for enhancing the ATP
hydrolysis.

It is assumed that the supramolecular complex
ATP — calix[4]arene is formed with a neutral molecule
calix[4]arene, but the association of ATP with the
cation — radical calix|4|arene™ upon the excitation of
calix[4]arene is not excluded. For both complexation
mechanisms, ATP molecules stabilize the cation —
calix[4]arene™ radicals, the decay of the excited state
of which in complexes slows down compared to a sim-
ilar decay in the absence of ATP molecules in a water
solution [15].

3.2. PL quenching in water
solutions of ATP and calix[4]arene

The optical absorption of ATP is described by the
two peaks at 208 nm and 258 nm. At the same time,
for water ATP solutions with its concentration of 1 x
x 10™* M, the excitation with Aex = 258 nm leads to
the appearance of a low-intensity PL emission band
(at pH 7.4). When the acidity increases up to pH 6.5,
the PL band of the ATP solution in water at Aoy =
= 282 nm shifts to the red region to 395 nm.

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 2

An aqueous solution of calix[4]arene C-107 was pre-
pared in DMSO (5%). In the absorption spectrum at
pH 7.4, two bands near 272 nm and 315 nm are ob-
served for a solution in water with a concentration of
1 x 10~*M. When the content of C-107 is increased
to 5 x 107*M, a strong increase in the absorption
and a significant expansion of the absorption band is
observed. In the case of pH 6.5 for a solution of C-
107 in water with a concentration of 1 x 1074 M at
Aex = 275 nm, the PL emission band with negligible
intensity and a maximum near 415 nm is formed. As
the study of the PL excitation spectrum shows, the
main contribution to the emission band (415 nm) is
made by the absorption band near 275 nm, which
has a little change compared to the maximum of the
optical-density band (272 nm). The addition of C-
107 solutions with different contents from 1 x 10=% M
to 1 x 1073 M to the water solution of ATP with a
constant concentration (1 x 1074 M) leads to a com-
plex rearrangement of the PL emission and excitation
spectra at Aex = 272 nm and Aoy = 395 nm [16]. Tt
should be noted that the intensity of the emission
and excitation spectra of PL solutions of ATP in wa-
ter greatly exceeds the intensity of similar spectra of
C-107 in DMSO (5%). At the same time, the spec-
tra depend on the excitation wavelength Ay, the pH
value, and to a less extent, on the temperature in the
interbal from 20 to 40 °C.

In Fig. 2, the emission and PL excitation spectra of
aqueous solutions of ATP and ATP—C-107 at different
concentrations of calix[4]arene and temperatures are
presented.

It can be seen that, with an increase in the content
of C-107, the intensity of the PL bands decreases,
and the positions of the PL emission and excitation
bands remain at 395 nm and 284 nm, respectively.
The quenching of the PL emission with increasing the
temperature from 20 °C to 40 °C increases, but varies
depending on the concentration of calix[4]arene.

Figure 3 shows the PL emission and excitation
spectra of ATP—C-107 solutions in water at a con-
stant ATP concentration and with increasing the C-
107 content at different temperatures.

At the same time, the induced PL quenching is
observed in a wide range of concentrations from
1x1072M to 1 x 10~* M. Moreover, there is a signif-
icant difference in the quenching values for concen-
trations C-107 1 x 107°M, 1 x 1078 M and higher
concentration values of 1 x 107°M, 1 x 10~* M. The

73



A. Starzhynska, O. Dmytrenko, M. Kulish et al.

LAk

Intensity, a

Intensity, a.u.

Intensity, a.u.

Intensity, a.u.

Intensity, a.u.

80000 -

Ey
3
8
8

40000

20000 -

80000

70000

60000

50000

40000

30000

20000

10000

70000 -

60000

50000 |

40000 4

30000

20000

10000 -

350

400

450

500

40000 -

35000 -

30000

25000

20000

15000 -

10000

350

30000 -

25000

20000 -

15000 -

10000 4

350

T
400

500

74

350

450

Intensity, a.u.

80000
S 60000
©
=
2
S 40000
2
=
20000
0 T T T ]
240 260 280 300 320
A, nm
80000 4 1
2
i
60000 A
40000
20000 4
0 T T T :
240 260 280 300 320
A, nm
70000 ¢
1
60000 A
3
- 500004
3
«
é 40000
2
& 30000
£
20000 {
10000
0 : : - ;
240 260 280 300 320
A, nm
35000 { 1
30000 {
3
S 250004
©
2 20000 A
@
=4
S 15000
£
10000
5000 -
] T T T
240 260 280 300 320
A, nm
30000 4
25000
S 200004
©
=
% 15000
f=4
2
£ 10000
5000
0 : r T )
240 260 280 300 320
A, nm

Fig. 2.
and PL excitation (b, d, f, n, j) for solutions
of ATP in water with a constant concentration
of ATP= 3 x 107*M (a, b) and ATP-C-107
(DMSO content 0.5%) with Cc.197 concentra-
tions of 1 x 1072 M (¢, d), 1 x 1078 M (e, f),
1x107°M (g, h), 1 x 1074 M (4, j) at tempera-
tures of 20 °C (solid line 1), 30 °C (dashed line
2), 40 °C (dotted line 8) (Aex = 285 nm and
Aem = 395 nm, pH 6.5)

Spectra of emission (a, ¢, e, g, %)
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indicated discontinuity in PL quenching is clearly visi-
ble in a wide range of C-107 concentrations for a lower
ATP content.

Figure 4 shows the the PL emission and excitation
spectra for aqueous solutions of ATP-C-107 in the
range of calix|4]arene concentrations from 1x 10712 M
to 1 x 107*M at Aoy = 285 nm.

It can be seen that there are two different areas
of PL quenching. The first includes ATP solutions in
water with C-107 concentrations from 1 x 10712 M
to 1 x 107°M, and the second section corresponds
to solutions with C-107 content from 1 x 1078 M to
1 x 10~* M. Both plots include several orders of mag-

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 2

(a, b), 30 °C (c, d), 40 °C (e, f)
(Aex = 285 nm and Aem = 395 nm,
f pH 6.5)

nitude values of the calix[4]arene content. The PL
quenching in individual intervals is insignificant, de-
spite a strong change in the content of C-107. This
behavior of the PL quenching is unusual for many
molecular systems, primarily, BSA proteins, HSA and
drugs [17-21]. It can be assumed that the known
PL quenching mechanisms described by the Stern—
Volmer equation or its modifications cannot be used
for this system. The PL quenching is observed, but
its more complex behavior is caused by the complex
nature of the intermolecular interaction due to dif-
ferent binding forces, that are possible for the con-
sidered molecules. It is important that the quenching
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Fig. 4. Spectra of emission (a) and excitation (b) PL for aqueous solutions of ATP-C-107 (for C-107 DMSO 5%) with a constant
concentration of ATP Catp = 1 x 1074 M and concentrations of the calix[4]arene Cq.1970 (solid line 1), 1 x 10712 M (dashed
line 2), 1 x 107! M (dotted line ), 1 x 10719 M (dashed-dotted line 4), 1 x 10~? M (dashed-double dotted line 5), 1 x 108 M
(short dashed 6), 1 x 10~7 M (short dotted 7), 1 x 1076 M (short dashed-dotted 8), 1 x 1075 M (grey solid line 9), 1 x 10~4 M
(grey dashed line 10), and also for a solution in water C-107 with DMSO (5%) at Cc.107 = 1 X 1074 M (grey dotted line 11) (for
ATP-C-107 (1-10) Aex = 282 nm, Aem = 395 nm, for C-107 (11) Aex = 275 nm, Aem = 415 nm (pH 6.5, T' = 21 °C))

of the PL is not proportional to the ligand (recep-
tor) concentration. But, at some sets of the concen-
trations, the dependence on the level of ligands takes
place. At the same time, interaction in the complexes
is not intensive for both concentration ranges, despite
the different binding mechanisms.

It should be noted that the similar PL. quenching
behavior for the ATP-C-107 system is observed for
the excitation with Aex = 272 nm, Fig. 5.

The excitation at A\ex = 272 nm, which corresponds
to the absorption band of C-107 does not change
the position of the ATP emission band near Aeyn =
= 395 nm. The insignificant PL quenching is observed
at low concentrations of C-107 up to 1x 1071° M. The
quenching increases sharply at the next concentration
of 1 x 1072 M, and, at a concentration of 1 x 1073 M,
a jump in the PL quenching is observed. For higher
concentrations of C-107, the PL quenching becomes
negligible again. The total PL intensity for ATP—C-
107 mixtures decreases significantly.

The PL quenching becomes more difficult for higher
concentrations of C-107 in the range from 1 x 104 M
to 10 x 107*M at Aex = 275 nm. In this range of
concentrations, after a sharp drop in the PL emission
intensity for the ATP mixture with the content of C-
107 Cc.107 = 1 x 107* M 1in relation to the intensity
of the band of ATP with Carp = 3 x 107* M, a slight
quenching is observed. At the same time, with an in-

76

crease in the C-107 content, the PL band shifts from
395 nm to 415 nm, that is, the position of the PL
maximum for calix[4]arene C-107.

It is known that ATP forms not only supramolecu-
lar complexes, which is accompanied by the effect on
hydrolysis processes, but also complexes with metals,
in which the binding parameters of terminal anhy-
dride bonds are also modulated.

Figure 6 shows the nature of the PL quenching
of ATP molecules in water solutions with increas-
ing the AgNOj3 concentration from 1 x 107 M to
10 x 107*M in the presence of calix|4]arenes C-
107. For all solutions, the content of C-107 remains
constant (1 x 1074 M).

It can be seen that the addition of C-107 molecules
(1 x 107*M) to the water solution of ATP leads to
a decrease in the PL intensity by two times. Further
titration of the aqueous solution of ATP-C-107 with
silver ions Ag* (1 x 10=% M) results in the further PL
quenching, which changes slightly with an increase in
the metal content up to 1 x 1073 M.

It is worth noting that in the absence of Ag"
ions in the solutions at the same C-107 concentra-
tions, with an increase in the calix[4]arene content,
there is a shift of the PL band to its position for
C-107 solutions with increasing the intensity. In the
presence of AgT, the rearrangement of the speci-
fied PL band does not occur during the PL quench-

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 2
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Fig. 5. Emission (a) and excitation (b) PL spectra for water solutions of ATP—C-107 with a constant concentration of ATP
Catp = 1 x 107 M and the content of calix[4]arene (DMSO content is 5%) C-07 0 (solid line 1), 1 x 1072 M (dashed line 2),
1 x 107" M (dotted line 8), 1 x 10719 M (dashed-dotted line 4), 1 x 102 M (dashed-double dotted line 5), 1 x 10~8 M (short
dashed 6), 1 x 10~7 M (short dotted 7), 1 x 107 M (short dashed-dotted 8), 1 x 107° M (grey solid line 9), at Aex = 282 nm,
dem = 395 nm, as well as for a solution of C-107 in water (DMSO content 5%) with a concentration of Cc.1o7 = 1 x 1074 M at
Aex = 275 nm, Aem = 415 nm (grey dashed line (10)), (pH 6.5, T = 21 °C)
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5), 6 x 1074 M (short dashed 6), 8 x 107*M (dashed-double dotted line 7), 1 x 1073 M (grey solid line 8) (Aex = 280 nm,

Aem = 395 nm, pH 5.8, T = 20 °C)

ing, which indicates the stabilization of ATP-C-107
complexes in the presence of Ag™ ions.

3.3. Computer modeling of complex
formation between ATP and C-107
3.8.1. Molecular dynamics

In order to obtain a rough estimate of the possible
configurations of the complexes of calix[4]arene and

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 2

ATP molecules and their binding energy, stability in
an aqueous solvents, we applied methods of molecular
docking and dynamics. In the framework of modeling,
only weak forces of interaction of molecules in com-
plexes being taken into account: electrostatic, van
der Waals, hydrogen bonds, and hydrophobic interac-
tion. The simulation was carried out in the AutoDock
4.2.6 software packages with the semi-empirical scor-
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Fig. 7. Configurations of the relative arrangement of calix[4]arene and ATP molecules in the complex: adenine core in the
“cup” of calix[4]arene (a); adenine backbone on the side, phosphate “tail” above the calix|[4]arene “cup” (b); adenine backbone and
phosphate groups on the side of the “cup” (¢). The letters and corresponding colors in the figure indicate the chemical elements
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Fig. 8. Analysis of deviations of calix|[4]arene (a) and ATP (b) molecules in molecular dynamics

ing function and Lamarckian genetic algorithm for
searching the most energetically preferable binding
position of ATP-calix|4|arene complex [22, 23].

The molecular docking simulation has determined
several possible approximate configurations of the
mentioned molecular complexes. The complexes with
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minimal potential energy are shown in Fig. 7. The
binding energy in the complexes presented in the fig-
ure AFEping & —10 kj/mol (a); —9.93 kj/mol (b);
—8.42 kj/mol (c).

The molecular dynamics simulation was performed
in Desmond software with OPLSe force field [22] for

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 2
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the Fig. 7, a complex configuration as a starting po-
sition in an aqueous solvent. The TIP3P [24] model
for water molecules was used. In general, the simu-
lated system contained 3865 atoms without ions in
a box of 10 A x 10 A x 10 A size with periodi-
cal boundary conditions. The simulation protocol in-
cludes the following stages: stage I — task; stage 2 —
simulation (Brownian Dynamics NVT, T' = 10 K,
small timesteps, and restraints on solute heavy atoms,
100 ps); stage 3 — simulate, NVT, T = 10 K,
small timesteps, and restraints on solute heavy atoms,
12 ps; stage 4 — simulate, NPT, T" = 10 K, and re-
straints on solute heavy atoms, 12 ps; stage 5 — solvate
pocket; stage 6 — simulate, NPT and restraints on so-
lute heavy atoms, 12ps; stage 7— simulate, NPT and
no restraints, 24 ps; stage § — simulate. In the sim-
ulation the stage 5 was skipped by default, which
is justified due to the irrelevance of water bridges
in the target-ligand complexes formation. NVT and
NPT ensembles are taken for Nosé-Hoover thermo-
stat. The last stage is the very simulation of the dy-
namics for 3 ns with 2 fs time step under normal
conditions T'= 300 K and p = 1.01325 bar.

The complex turned out to be stable (Fig. 8), with
slight deviations of RMSF=1-2 A for all atoms of the
interacting molecules. The Root Mean Square Fluc-
tuation (RMSF) is useful for characterizing changes
in the molecule atom positions. The RMSF for atom
1 is:

RMSF; = \/1]; Z (7"1' (t) — T (trcf))Qa

where T is the trajectory time over which the RMSF
is calculated, t,ef is the reference time (usually for the
first frame, and is regarded as the zero of time); r is
the position of atom ¢ in the reference at time t,qf,
and r is the position of atom 4 at time ¢ after su-
perposition on the reference frame. RMSF may give
insights on how ligand fragments interact with the
target molecule and their entropic role in the bind-
ing event. It gives information about which atoms are
the most involved in the interaction, the very mag-
nitude of RMSF describes the mobility of different
atoms and the stability of the complex. In particular,
the side part of the calix[4]arene “bowl” represented
by four carbon rings and the adenine group of the
ATP molecule are the least mobile. The most mobile
is the phosphate “tail” of ATP and the -NH3 groups
of calix[4]arene.
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Fig. 9. A molecular complex with an adenine backbone in a
calix[4]arene “cup” and a dotted w-m-stacking interaction. The
colors correspond to chemical elements similar to Fig. 7

The main complex-forming force is the m-m-stack
interaction (Fig. 9) as one of the types of hydropho-
bic interaction. The interaction occurs between the
rings of the adenine group of the ATP molecule and
the four carbon rings of calix[4]arene (the intensity
of interaction with certain rings changes during the
simulation).

3.8.2. Quantum-chemical modeling

The formation of complexes of ATP molecules with
calix|[4]arene s is also confirmed by quantum-chemical
calculations using the density functional method,
DFT (B 3 LYP, 3-21 G) Gaussian 03 [25]. The com-
plexes of an ATP molecule with calix[4]arene have
been optimized in the following positions of ATP:
above the larger diameter of calix[4]arene and near
its wall. Changes in the region of the energy gap were
detected for the complexes compared to the values
of electronic levels for individual components. Thus,
the location of the ATP molecule above calix|4]|arene
leads to a change in the shape of its HOMO molecular
orbital, which is localized on a half of the calix[4]arene
wall in the complex compared to the symmetric de-
localization along the wall in the independent state.
The LUMO orbital is localized on both parts of the
complex: ATP and top of the calix|[4]arene.
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In the case of location of ATP along walls of the
calix|[4]arene, the complexation occurs due to m-7-
stacking interaction between parallel arranged the
indole fragment of ATP and the phenolic ring of
calix[4]arene. The HOMO level of this complex is lo-
cated on the calix[4]arene, while the LUMO is lo-
cated on the indole and the calix[4]arene wall. This
LUMO orbital, similar to the case of the ATP lo-
calization over calix[4]arene, remains unshifted ener-
getically compared to the LUMO levels of individual
components, which have almost the same values. Ho-
wever, the HOMO orbital shifts up in both cases: by
0.5 eV for lateral location and by 0.2 eV, when local-
ized above the larger diameter of the calix[4]arene.

The shrinking of the energy gap in these complexes
should be manifested in the absorption spectra by a
shift to the red region.

4. Conclusion

For water solutions of ATP and calix|[4]arenes C-107
at a constant concentration of ATP molecules with
an increase in the content of C-107, a complex na-
ture of the PL quenching is observed, while main-
taining the position of the PL band near 395 nm
(Aex = 285 nm). Its complexity is based, on the one
hand, in the wide range of concentrations of C-107,
at which it occurs, and, on the other hand, there
are gaps in the quenching values for individual con-
centrations of calix[4]arene, near which it changes
slightly. The indicated nature of PL quenching signifi-
cantly depends on the value of \ey, as well as the tem-
perature. A similar quenching behavior is preserved,
when AgNOj salts are added to the ATP-C-107 mix-
tures, (Carp = Cc.io7 = 1 x 107*M) in the con-
centration range from 1 x 107*M to 1 x 1073 M. An
increase in the content of Ag™ ions, which, in turn,
forms complexes with the ATP, leads to an increase
in the PL quenching, which remains insignificant. At
the same time, in the presence of Ag™ ions, there is
no shift of the band near 395 nm toward the position
of the band for C-107 (415 nm). Computer modeling
shows that the system ATP—C-107 can form energet-
ically stable complexes, when ATP is located on the
top of the calix[4]arene and along the wall of it due to
m-m-stacking interaction and the complexes are char-
acterized by d shrinking of the energy bands.
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OCOBJIMBOCTI TACTHHSI
®JIYOPECLIEHIIIT B PO3UNHAX
V BOJII AT® — KAJIIKC[4|]APEHA C-107

HocuizpkyBasesi xapakrep racinas doryopecuenmii (PJI) mius
po3unHiB y Bogi AT®-C-107 i AT®-C-107-AgNOs3. ns pos-
unis y Bogi AT®-C-107 npu 36epexxenni smicty (11074 M
a6o 3 - 1074 M) Ta migsumenni konmentpanii C-107 crocre-
piraerbcs ckiaaguuil xapakrep racinaa ®JI. B nepury uep-
ry, nomiTHe racinasa PJI BigOyBaeTbCsl B IIMPOKOMY iHTEpBa-
i Kommenrpamniit Bix 1-10712 M mo 1-10~% M, mo yrpy-
nuioe 3acrocyBanHs piBHaAHb llITepuna-®DonbMepa s BU3HA-
YeHHsI KOHCTAHT raciHHsi i 3B’si3yBaHHs. 3 iHIIOro GOKYy, Ma-
0Th Miciie po3puBu B raciuui @JI gjs JedaKkux KOHIEHTpPAIlii
C-107, mobsin3y sikux raciHHs He3HaudHe. [loBejliHKa raciHHs
O®JI 3MIHIOETBCS BiJl BEJIMYMHU Aex 1 TeMmuIepaTypu npu 30e-
pexkerni nosoxkenust cmyru PJI ga AT® (395 um). Iloxi-
OHwmit xapakrep racinas @JI 30epiraeTbcsi npu JOJABAHHI 0
posunniB AT®-C-107 comi AgNOs3. Ilpu cramux 3HaAYEHHAX
Carao = Cc.107 = 1-10~* M 36inbmenns smicry Agt mpuso-
uTh 110 He3nauHoro racinug OJI, ke cBiIIUTL TPO yTBOPEHHS
komiLzekcis AT®-AgT. Komm’torepre MOJe/IIOBAHHS JIsl BKa-
3aHUX CUCTEM BKa3y€ Ha POPMyBaHHs B PO3UMHAX y BOJI KOM-
mekcis AT®-C-107 i AT®-C-107-Agt, nmossa skux cymposo-
IKYEThCs 3MiHOI0 KOH(MopManit AT®, erekTpoHHOI CTPYKTY-
pHY, O 3HAXOAUTDH IATBEPKEHHS B KOJIMBAJILHUX CIEKTPAaX
IY-norsmunanus.

Kawwosi caoea: anenosurpudocdar, xamikc[4]apen C-
107, raciaas dJryopeciieHIiil, KOMII'IoTepHe MOJefoBanHs, [H-
MOTJINHAHHS.
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