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Abstract

The aim of this work is a study of the encapsulation and intermolecular non-bonded interaction of an anticancer drug
Talzenna into carbon nanotube [CNT(8,8-7)] and boron nitride nanotube [BNNT(8,8-7)]. The interaction effects of Talzenna
with the CNT and BNNT on electronic and adsorption properties were theoretically investigated in the solvent phase at the
MO062X/6-311G* level of theory. With the encapsulation of Talzenna drug, the electronic properties of the CNT and BNNT
nanotubes change significantly. The electronic spectra of the Talzenna drug, complexes CNT/Talzenna and BNNT/Talzenna
in the solvent water were calculated by Time-Dependent Density Functional Theory (TD-DFT) for the study of adsorption
effect. According to the natural bond orbital (NBO) results, all three molecules Talzenna, CNT and BNNT play as electrons
donor and acceptors at the complexes CNT/Talzenna and BNNT/Talzenna. On the other hand, the charge transfer is occurred
between the bonding, antibonding or nonbonding orbitals in molecules Talzenna, CNT and BNNT. Based on the results,
CNT(8,8-7) and BNNT(8,8-7) can be used as a drug delivery system for the transportation of Talzenna as anticancer drug
within the biological systems.

Keywords Talzenna - CNT(8,8-7) - BNNT(8,8-7) - DFT - NBO

Introduction

Carbon nanotubes (CNTs) are drug delivery systems appli-
cable in biology and medicine (Padma and Jain 2014;
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the interaction of drug with the surface of CNTs, they are
delivered into the target cells (Kumar et al. 2017). CNTs are
used to improve the pharmaceutical properties. The medici-
nal properties of drugs improve with interaction of drug on
surface of CNTs and, therefore, the toxic effect of drugs
decrease (Chakrabarti et al. 2015; Foldvari 2010). There-
fore, the various researches have been carried out on the
Boron nitride nanostructures. These materials are applica-
ble in electronics devices, semiconductor with high thermal
stability and nanowires. The energy gap of Boron nitride
nanostructure is about 6 eV. The energy gap of Boron nitride
nanotubes (BNNTSs) is about 5.5 eV (Golberg et al. 2007).
They have nontoxic property due to their high chemical and
structural stability and high oxidation resistance, along with
uniformity and stability in dispersion in solution (Yu et al.
2009).

Talazoparib with trade name Talzenna (Fig. 1) has been
developed by the United States Food and Drug Adminis-
tration (FDA) for use in treatment advanced breast cancer
(Exman et al. 2019). Talzenna acts as an inhibitor of poly-
ADP ribose polymerase (PARP) which aids in single-strand
DNA repair (Huang et al. 2015; Murai et al. 2012, 2014).
Talzenna was confirmed in 2018 in the United States and
2019 in the Europe for advanced or metastatic breast cancer
treatment (Exman et al. 2019; Domchek et al. 2019).

Performing Density functional theory (DFT) calcula-
tions, one may obtain useful information about the inter-
action between various nanotubes and drug molecules.
The adsorption and interaction of anticancer drugs, such
as cisplatin (Feazell et al. 2007), carboplatin (Dhar et al.
2008), paclitaxel (Liu et al. 2008), methotrexate (Pas-
torin et al. 2006) and doxorubicin (Ali-Boucetta et al.
2008) with BNNT, have already been studied. We have

(o}

/N

/

N

HN "

Fig.1 Chemical structure of Talzenna
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already studied the interaction between a new azomethine
derivative and BN(6,6-7) nanotube by DFT calculations
(Sheikhi et al. 2017). We discussed on the electronic
properties, chemical shift tensors, electronic spectra natu-
ral charge of the azomethine and BN(6,6-7) nanotube in
the complex BN(6,6-7)/azomethine. Recently, we have
also investigated the adsorption and non-bonded inter-
action between various drugs, such as Syndros (Sheikhi
et al. 2018a), Resveratrol (Sheikhi et al. 2018b), Alectinib
(Sheikhi et al. 2019a), Rubraca (Sheikhi et al. 2019b),
Curcumin (Shahab et al. 2019a) and Tyrphostin AG528
(Sheikhi et al. 2019c), over a variety of carbon nano-
tubes. In the current study, the encapsulation of Talzenna
into the CNT(8,8-7) and BNNT(8,8-7) has been investi-
gated by DFT method. We have studied changes in geo-
metric parameters, thermodynamic parameters, frontier
molecular orbitals (FMOs), quantum-chemical molecular
descriptors, charge transfer analysis according to natural
bond orbital (NBO) analysis and electronic structure and
excited states.

Computational methods and equipment

In this work, we have studied the encapsulation and non-
bonded interaction between Talzenna drug with the
CNT(8,8-7) and BNNT(8,8-7) by computational research.
The quantum chemical calculations have been performed
using the density functional theory (DFT) at the M062X
method and 6-311G* basis set (Yoosefian and Jahani 2019;
Rahmani et al. 2019) by the Gaussian 09 W program (Frisch
et al. 2009) for the optimization of the molecule Talzenna
drug, CNT(8,8-7), BNNT(8,8-7) and complexes CNT/
Talzenna and BNT/Talzenna. The Polarized Continuum
Model (PCM) (Frisch et al. 2009) was used for the cal-
culations of solvent effect. The adsorption energies (E,4)
(Sheikhi et al. 2018a) of Talzenna drug over CNT and
BNNT are obtained by the following equations:

Ead = ECNT/Talzenna_ [ETalzenna + ECNT] (D

E.o = EsnNt/tutzenna™ [EtTalzenna + EBnnr) 2)

in which ECNT/Talzenna and EBNNT/Talzenna are the adsorp-
tion energies of the Talzenna on the carbon nanotube and
BN nanotube, respectively. Egyng and E N are energies
of the BNNR(8,8-7) and AINNR(8,8-7), respectively. Also,
Etaizenna 18 the energy of Talzenna molecule.

Geometrical parameters, thermodynamic parameters,
NBO analysis (Shahab et al. 2017a), density of states (DOS),
and FMO analysis (Sheikhi et al. 2018c) were calculated
using M062X/6-311G* level of theory. The molecular
orbital (MO) calculations of the title compounds, such as
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Enomos Erumo» energy gap between LUMO and HOMO
(E;=Er umo — Enomo), were computed. The optimized
molecular structures, DOS results and the molecular orbit-
als’s graphs were visualized by and GaussView program
(Shahab et al. 2017b). TD-DFT method (Frisch et al. 2000)
was used for the calculation of electronic transitions of
the Talzenna drug and the complexes CNT/Talzenna and
BNNT/Talzenna. UV-Vis experimental absorption spectra
of the complexes were measured by Cary 60 UV—-Vis scan-
ning spectrophotometer.

Results and discussion
Optimized structures

We calculated the optimized structures of the Talzenna drug,
CNT(8,8-7), and BNNT(8,8-7) using DFT method in a sol-
vent water. These structures are shown in Fig. 2.

In the first step, we have considered five states for
encapsulation of the Talzenna into the CNT(8,8-7) and
BNNT(8,8-7). The optimized states (S1, S2, S3, S4, S5)
of the CNT(8,8-7) and BNNT(8,8-7) were calculated at
the PM6 method (Fig. 3). The energies (E) for the investi-
gated states S1, S2, S3, S4, and S5 are reported in Table 1.
The calculated energies show that the most stable state of
CNT(8,8-7) and BNNT(8,8-7) is state S5.

Consequently, we have considered the encapsulation of
the Talzenna into the CNT(8,8-7) and BNNT(8,8-7) at the
state S5 and have optimized using M062X/6-311G* level
of theory in a solvent water. The optimized structures are
shown in Figs. 4, 5.

Geometrical parameters play an important role to illus-
trate the adsorption of the molecules on nanotubes in drug
delivery systems. The calculated selective bond lengths
of the optimized structures of Talzenna, CNT(8,8-7),

Fig.2 The optimized geometry
of the molecules a Talzenna,

b CNT(8,8-7), c BNNT(8,8-7)
using M062X/6-311G* level of
theory

BNNT(8,8-7), complexes CNT(8,8-7)/Talzenna and
BNNT(8,8-7)/Talzenna at the interacting locations are
reported in Tables S1 and S2 (Atoms numbering is accord-
ing to Figs. 4, 5). As shown in Tables S1 and S2, some
geometrical parameters of Talzenna drug, carbon and BN
nanotube are changed after the intermolecular non-bonded
interaction drug with nanotubes and the formation of the
complex, although these changes are not significant.

The thermochemical parameters, such as the sum of
electronic and thermal energies (E+ T), the sum of elec-
tronic and thermal enthalpies (E + H), the sum of electronic
and thermal free energies (E + G), and entropy (S) of the
Talzenna drug, CNT(8,8-7), BNNT(8,8-7), complexes CN'T/
Talzenna and BNNT/Talzenna, calculated using M062X/6-
311G* level of theory. The results were reported in Table 2.
With the encapsulation of the Talzenna drug in CNT(8,8-
7) and BNNT(8,8-7), the Thermal, Gibbs and Enthalpy
energies values decrease. The computed energy values
show the reduced reactivity and increasing the stability of
Talzenna drug in non-bonded interaction with CNT(8,8-7)
and BNNT(8,8-7). The calculated energies for the complex
BNNT/Talzenna are more negative rather than the com-
plex CNT/Talzenna; also, the relative values of energies for
BNNT/Talzenna are smaller than CNT/Talzenna; therefore,
the complex BNNT/Talzenna has the most stability compar-
ing with the complex CNT/Talzenna.

Electronic properties

The HOMO and LUMO orbitals (FMO) have a significant
role in the chemical reactions and charge transfer phe-
nomenon in molecules (Sheikhi et al. 2018a; Shahab et al.
2018). The HOMO and LUMO energies display the abil-
ity of orbital to donate and obtain an electron, respectively
(Sheikhi et al. 2018b). The energy gap between HOMO and
LUMO orbitals is a major factor in designation the electrical
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Fig.3 The encapsulated states
of the compound Talzenna into
the CNT(8,8-7) and BNNT(8,8-
7) optimized by PM6 method;
a CNT/Talzenna, b BNNT/
Talzenna

Table 1 The calculated energies (E) for states S1, S2, S3, S4, and S5
of the CNT(8,8-7) and BNNT(8,8-+7) by PM6 method

Compounds Different orientation E (Hartree)

CNT/Talzenna N — 3.8089491
S2 —3.9011544
S3 —2.7631164
S4 —3.7579248
S5 —4.0961959

BNNT/Talzenna S1 0.8214085
S2 1.3704191
S3 1.101003
S4 2.0731128
S5 0.70178

transport properties in molecules (Sheikhi et al. 2018c). We
have investigated the non-bonded intermolecular interac-
tion effects between Talzenna drug with CNT(8,8-7) and

@ Springer

BNNT(8,8-7) on the electronic properties. The calculated
results are reported in Table 3.

The adsorption energies (E, ;) of the Talzenna drug over
the CNT(8,8-7) and BNNT(8,8-7) are computed about
— 40.78 eV and — 36.39 eV, respectively; therefore, the
encapsulation of the Talzenna drug on the CNT(8,8-7)
and BNNT(8,8,-7) is exothermic (Table 3). The adsorption
energy of the Talzenna drug on the CNT(8,8-7) is greater
than the adsorption energy of the Talzenna drug on the
BNNT(8,8-7). Thus, it indicated a strong adsorption in com-
plex CNT/Talzenna rather than BNNT/Talzenna complex.

After the encapsulation of Talzenna into CNT(8,8-7), the
energies of HOMO and LUMO are decreased from — 5.81
and — 2.54 eV in carbon nanotube to — 5.82 and — 2.56 eV,
respectively, in the complex CNT/Talzenna. The energy of
HOMO is increased from — 8.11 eV in BNNT to — 7.65 eV
in the complex BNNT/Talzenna, whereas the energy of
LUMO is decreased from 0.65 eV to — 1.04 eV. The fron-
tier orbitals graphs of the molecules Talzenna, CNT(8,8-7),
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Fig.4 The optimized geometry of the complex CNT/Talzenna using
MO062X/6-311G* level of theory

BNNT(8,8-7), CNT/Talzenna and BNNT/Talzenna are pre-
sented in Fig. 6. Figure 6 shows that the electron density of
HOMO and LUMO orbitals in the CNT(8,8-7) is mainly
localized on the double bonds C=C of carbon nanotube. The
HOMO orbital of the BNNT(8,8-7) mainly situated on nitro-
gen atoms, whereas the LUMO orbital localized on boron
atoms. The electron density of HOMO and LUMO orbit-
als in the CNT(8,8-7)/Talzenna is mainly localized on the
double bonds C=C of carbon nanotube, while the electron
density of HOMO and LUMO orbitals in the BNNT(8,8-7)/
Talzenna is mainly localized on the Talzenna drug.

The energy gaps values of the title molecules are reported
in Table 3. The calculated DOS plots (Shahab et al. 2019b)
in Fig. 7 also display the energy gaps of the investigated
compounds. According to results of Table 3, the energy gaps
are decreased from 3.27 and 7.46 eV in CNT and BNNT
to 3.26 and 6.61 eV in the complexes CNT/Talzenna and
BNNT/Talzenna, respectively. These results show increase

Fig.5 The optimized geometry of the complex BNNT/Talzenna
using M062X/6-311G* level of theory

in electrical conductivity of the complexes rather than the
pure CNT and BNNT. Thus, we found that the CNT can be
a better nanotube for encapsulation of the Talzenna drug
due to the lower energy gap (3.27 eV) rather than BNNT
(7.46 eV).

The quantum molecular descriptors for the investigated
compounds including ionization potential (), electron affin-
ity (A), global hardness (7), electronegativity (y), electronic
chemical potential (u), electrophilicity (@) and chemical
softness (S) are computed according to following equations,
respectively (Shahab et al. 2019c):

[1 = _EH0M0]7 A= _ELUMO]’ ['1 =1-A/2],
x=1+A4/2],[n=-U+A)/2].[w=pu*/2nLIS = 1/2n]

in which are summarized in Table 3. The stability of the
molecules is determined to hardness factor that shows chem-
ical reactivity (Shahab et al. 2019d). According to Table 3,
the values of global hardness (1) for CNT and BNNT are
1.63 eV and 3.73 eV. After capsulation of Talzenna drug

@ Springer
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Table 2 The thermochemical
parameters of the molecules
Talzenna, CNT(8,8-7),
BNNT(8,8-7), and complexes
CNT/Talzenna and BNNT/
Talzenna and relative values

of energies calculated by
MO062X/6-311G* level of theory

Table 3 The calculated
electronic properties of the
Talzenna drug, CNT(8,8-

7), BNNT(8,8-7) and the
complexes CNT/Talzenna

and BNNT/Talzenna at the
M062X/6-311G* level of theory
in the solvent water

Parameters Talzenna CNT(8,8-7) BNNT(8,8-7) CNT/Talzenna BNNT/Talzenna
E+ G (Hartree) —1335.443 —3676.381 — 3844.522 —5011.860 —5179.994
E+ H (Hartree) —1335.370 —3676.251 — 3844372 —5011.684 —5179.800
E+T (Hartree) —1335.371 —3676.252 — 3844.373 —5011.684 —5179.801
S (cal/mol.K) 153.617 274.563 317.037 370912 408.182
AG yg5orption - - - —0.036 -0.029
AH 40rption - - - —0.063 —0.058
Property Talzenna CNT(8,8-7) BNNT(8,8-7) CNT/Talzenna BNNT/Talzenna
Dipole moment (Debye) 5.470 0.031 0.005 5.633 5.565
E(Hartree) — 1335711 —-3677.258 —3845.313 —5013.034 —5181.082
Euomo (€V) -17.51 —5.81 -8.11 —5.82 —7.65

E umo (€V) -0.87 —2.54 0.65 —2.56 - 1.04

E, (eV) 6.64 3.27 7.46 3.26 6.61

E, 4 (eV) - - - —40.78 —36.39
1(eV) 7.51 5.81 8.11 5.82 7.65

A (eV) 0.87 2.54 0.65 2.56 1.04

x (V) 4.19 4.17 4.38 4.19 4.34

n (eV) 3.32 1.63 3.73 1.63 3.30

u(eV) —-4.19 —-4.17 —4.38 —4.19 —4.34

w (eV) 2.64 5.33 2.57 5.38 2.85

S (eV) 0.15 0.31 0.13 0.31 0.15

HOMO

LUMO

Fig.6 The calculated HOMO, LUMO orbitals a the Talzenna drug, b CNNT(8,8-7), ¢ BNNT(8,8-7), d the complex CNT/Talzenna, and e the
complex BNNT/Talzenna at the M062X/6-311G* level of theory

@ Springer
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311G* level of theory

into CNT and BNNT, the global hardness of in complex
CNT/Talzenna has not changed (1.63 eV), whereas the
global hardness of complex BNNT/Talzenna decreases to
3.30 eV. Also, the reactivity of CNT is the higher rather than
BNNT due to the low 7 of CNT (1.63 eV) comparing with
the # of BNNT (3.73 eV) that shows CNT is more reactive

than BNNT. The electronic chemical potential (1) index of
the complexes CNT/Talzenna and BNNT/Talzenna also
decreased rather than the pure CNT and BNNT. Therefore,
the complexes have a high chemical activity, low chemical
stability and, therefore, they are a soft system.

@ Springer
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The amount of dipole moment CNT(8,8-7) is increased
after capsulation of Talzenna drug from 0.031 Debye to
5.633 Debye in complex CNT/Talzenna and the amount of
dipole moment of BNNT(8,8-7) is increased after interac-
tion with Talzenna from 0.005 Debye to 5.565 Debye in
complex BNNT/Talzenna (see Table 3). The change of
dipole moment after encapsulation of Talzenna drug into
carbon and BN nanotubes displays a charge transfer between
Talzenna drug and the title nanotubes.

NBO analysis

NBO analysis is an important method for studying intra- and
inter-molecular bonding and interaction between bonds in
molecular systems (Sheikhi et al. 2018d). The electron delo-
calization from donor orbitals (full NBOs) to acceptor orbit-
als (empty NBOs) describes a conjugative electron transfer
process between them (Sheikhi et al. 2018d). For each donor
orbital (i) and acceptor orbital (j), the stabilization energy
E® associated with the delocalization i — j is calculated by
the following equation (Weinhold and Landis 2001):
F(ij)?
E® — AEij =g @) @)

l
e —e

The stabilization energy (E‘”) describes the amount of the
participation of electrons in the resonance between atoms of
the molecular structure (Frisch et al. 2009). The bigger E®,
the more donation tendency from electron donor orbital to
electron acceptor orbital (Sheikhi et al. 2018d). The NBO
analysis for complex CNT/Talzenna and BNNT/Talzenna
has been performed by M062X/6-311G* level of theory
and the results are summarized in Tables S3 and S4 (Atoms
numbering is according to Figs. 4, 5).

The 6 > n*, ®t —» n* and ©n* — n* transitions from
Talzenna to CNT(8,8-7) occur in complex CNT/Talzenna.
According to results of NBO analysis in Table S3,
the 6 — n* transitions from Talzenna to CNT(8,8-
7) take place as o(N2-H29) — n*(C128-C129) and
6(C7-H30) — n*(C88—C96) with stabilization energies
(E(z)) about 0.11, 0.14 kcal/mol, respectively. The & — n*
transitions are, such as n(N3-C4) — n*(C114-C122),
1(C1-C5) — n*(C104-C105), n(C1-C5) —» n*(C112-C120),
1(C6—C7) — n*(C88-C96), n(C6—C7) — n*(C104-C105),
n(C22-C23) — n*(C86—C87), interactions with resonance
energies (E?) about 0.13, 0.12,0.25, 0.15, 0.25, 0.13 kcal/mol,
respectively. The important n — x* transition is observed for
nl(N2) — n*(C112-C120) and n1(N2) — n*(C128-C129)
interactions with stabilization energies (E®) about 0.44,
0.53 kcal/mol, respectively. According to results of
Table S3, the ©* — r* transitions have the highest resonance

@ Springer

energies comparing with other transitions from Talzanna
to CNT(8,8-7) including n*(N3-C4) — n*(C112-C120),
TNB-CH-r CI2HCIBR G- Cl-n{CIH-CIBRINIGCT - (CI5 CL27)
n*(N16-C17) — n*(C132-C133) with stabilization energies
(E?@) about 1.04, 1.35, 1.77, 1.82, 2.12 kcal/mol, respec-
tively. The NBO analysis shows that 1 — ¢* transitions from
CNT(8,8-7) to Talzenna occur in complex CNT/Talzenna.
The main T — c* electron charge transfer is observed for
©(C88—C96) — o*(C7-H30), 1(C94—C95) — o*(C23-H40),
n(C128-C129) — o*(N2-H29) with high stabilization ener-
gies (E?) 0.91, 0.50 and 0.98 kcal/mol, respectively. Thus,
Talzenna and CNT(8,8-7) act as both electron donor and
electron acceptor and charge transfer takes place between
Talzenna and CNT(8,8-7) in the complex CNT/Talzenna.

The NBO analysis shows that 6 — n*, 1 —» n*, n— r*
transitions from Talzenna to BNNT(8,8-7) occur in com-
plex BNNT/Talzenna (Table S4). As shown in Table S4,
the important ¢ — n* transitions from Talzenna to
BNNR(8,8-7) take place as 6(C20-H37) — n*(B73-N74),
6(C20-H38)— n*(N75-B83), 6(C22-H39) — n*(B132-N133),
0(C25-H41) »n*(B101-N102), with resonance energies
(E®) about 1.16, 0.98, 1.38, 1.64 kcal/mol, respectively.
The nm — n* transitions from Talzenna to BNNT(8,8-
7) are, such as w(N2-H29) » n*(B56-N57),
©(N3-C4) —» n*(B49-N51), ©(N16-C17) — n*(B60-N67),
©(N16-C17) —» n*(N62-B69), t(N16-C17) — n*(N68-B76),
interactions with stabilization energies (£*)) about 0.87, 0.66,
0.37,0.73 and 0.64 kcal/mol, respectively. The important n— n*
charge transfers from Talzenna to BNNT(8,8-7) are observed
for n1(N2) —» n*(B56-N57), n1(N3) —» n*(N58-B65),
nl(N16) —» n*(N68-B76), n1(N16) —» n*(B77-N78),
nl1(N18) — n*(B53-N55) interactions with stabilization
energies (E®) about 2.75, 2.24, 4.22, 1.01, 1.12 kcal/
mol, respectively. Also, the 1 —¢*, 1 —n* and n* — n*
transitions from BNNT(8,8-7) to Talzenna occur in com-
plex BNNT/Talzenna. According to the results of NBO
analysis, the important interactions from BNNT(8,8-7)
to Talzenna are, such as m(N64-B72) — ¢*(N2-H29),
t(B121-N129) —» o*(C7-H30),
n*(B121-N129) - o*(N13-H34),
n*(B132-N133) — o*(C22-H39), transitions with stabiliza-
tion energies values (E®) of 2.81, 0.85, 0.61, 0.88 kcal/mol,
respectively. Thus, Talzenna and BNNR(8,8-7) act as both
electron donor and electron acceptor in the complex BNNT/
Talzenna and, therefore, charge transfer takes place between
Talzenna and BNNT(8,8-7).

Electronic Structure and Excited States

To investigate encapsulation effect of Talzenna into
CNT(8,8-7) and BNNT(8,8-7) on the 4,,,,, we have obtained
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the theoretical UV/Vis spectra of Talzenna and the com-
plexes CNT/Talzenna and BNNT/Talzenna using TD-DFT
calculations at M062X/6-311G* method. We investigated
20 excited states and reported the important transitions in
Tables 4, 5, 6. Tables 4, 5 and 6 show the 4., oscillator
strength (f), and excitation energies (E). In the calculated
UV spectrum of Talzenna drug, 4,,,, appears at 159.55 nm
(f=0.94) (Table 4). The charge transfer at 4, =159.55 nm
is related to the excited state S,— S, with eight electron
configurations, such as H-5—L+1 (35%), H-3—>L+2
(15%), H-4 ->L+1 (6%), H2—>L+1 (5%), H2—>L+5
(5%), H-1-L+3 (9%), H—>L (4%), H—>L+5 (7%), in
which the main transition is the transition from HOMO-5
to LUMO+1 [H-5—L+1 (35%)]. The excited state of
So— 514 at 154.41 nm (f=0.61) is also the other important
excited state in the UV spectrum of Talzenna. The other
excited states of Talzenna drug have a small intensity. The
calculated UV spectrum of Talzenna drug in the solvent
water is displayed on Fig. 8.

With the encapsulation of Talzenna into the CNT(8,8-7),
Amax 18 appeared at 365.71 nm (f=1.39) in electronic absorp-
tion spectrum of complex CNT(8,8-7) that is due to charge
transfer of one electron into the excited state S, — S; and
it describes by three configurations for one-electron exci-
tation H-2—L (38%), H—-L+2 (37%), H—L+1 (3%)
(Table 5). The main transition is including the transition
from HOMO-2 to LUMO [H-2 — L (38%)]. The excited
state of S,— S, at 371.57 nm (f=1.27) is also the other
important excited state in the theoretical UV/Vis spectrum
of the complex CNT/Talzenna. The other excited states of
CNT/Talzenna have very small intensity and do not play
any role in the formation of electron spectrum of the title
complex (Table 5). The theoretical UV spectrum of CNT/
Talzenna in the solvent water displayed on in Fig. 8.

After the encapsulation of Talzenna into the BNNT(8,8-
7). Amax appears at 162.44 nm (f=0.47) in the calculated
UV spectrum of BNNT/Talzenna. The charge transfer at
Amax = 162.44 nm is related to the excited state S,— S, and

Table 4 Electronic absorption spectrum of Talzenna drug calculated by TDM062X/6-311G* method

Excited State Wavelength Excitation Configurations Composition (corresponding transition orbitals) Oscillator
(nm) Energy (eV) Strength (f)

Sy—S; 244.53 5.07 H—-L (84%),H-5—>L+1(2%), H->L+1 (4%) 0.23

Sp—S, 224.76 5.51 H-2—L (15%), H—>L+1 (62%), H-1 - L (4%), 0.22
H—L (6%)

Sp— S, 191.39 6.47 H-2—L (48%), H-1-L (19%), H—>L+1 (21%), 0.48
H-4—LUMO (2%)

Sp— S 185.13 6.69 H-2—L+1(52%), H-1-L+1 (18%), H—>L+5 (12%), 0.32
H-5—-L+5(2%), H—>L 2%)

Sp— Sy 164.69 7.52 H-5—L (68%), H-6 > L (2%), H-4 > L (6%), 0.47
H-4—>L+4 (6%), H—L+1 (4%)

So—S0 162.38 7.63 H-4—>L+4 (55%),H-3—->L+2 (11%), H-6 - L+6 3%), 0.51
H-5—L (4%), H-3—L+4 (3%), H-2—>L+4 (6%),
H-1-L+3 (5%)

So—S1 159.55 7.77 H-5—-L+1(35%), H-3—>L+2 (15%), H-4>L+1 (6%), 0.94
H-2—-L+1(5%),H2—L+5 (5%),H-1->L+3 (9%), H— L (4%),

H—-L+5 (%)
So—S;13 155.25 7.98 H-5—L+1({15%), H-3—L+2 (22%), H-1 -L+3 (16%)H-5—L  0.24
(B%), H-4—>L+1 (2%),

H-4—L+4 (9%),H-3—-L+3 2%), H-2—L+3 3%),
H-1-L+1 (4%), H>L+5 (7%)

Sp— S 154.41 8.02 H-3—L+3 (54%), H-1 > L+2 (25%), H-4—>L+3 (2%), 0.61

H-3—-L+1(6%), H2—>L+2 (5%)

Table 5 Electronic absorption
spectrum of complex CNT/

Excited State Wavelength  Excitation

Configurations Composition Oscillator
(corresponding transition orbitals) Strength
®

(nm) Energy
Talzenna calculated by V)
TDMO062X/6-311G* method
Sp—S, 371.57 3.33
Sp—S; 365.71 3.39

H-1—L (39%), Ho>L+1 (38%), Ho>L+2 3%) 1.27
H-2—L (38%), HH>L+2 (37%), H>L+1 (3%) 1.39

*In this Table the transitions with f>0.10 are presented

*H HOMO, L LUMO
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Table 6 Electronic absorption spectrum of complex BNNT/Talzenna calculated by TDM062X/6-311G* method

Excited State  Wavelength Excitation ~ Configurations Composition Oscillator
(nm) Energy (corresponding transition orbitals) Strength (f)
(eV)
S)—S; 243.28 5.09 H—L (81%), H—>L+1 (5%) 0.19
S)—S, 225.26 5.50 H-3—-L (15%), H—>L+1 (55%), H-2—L (3%), 0.12
H-1-L (3%), H—L (7%)
Sp— S, 191.66 6.46 H-3—-L (39%), H-1—-L (10%), H—>L+1 (24%), 0.44
H-2—L (8%)
Sp— S 186.75 6.63 H-3—L+1 (44%), H-1-L+1 (10%), H-2—L+1 (8%), H—>L 2%), H—»L+15 0.25
(4%)
Sy— Sy 166.89 7.42 H-24->L (17%), H-22—>L (28%), H-26 L (3%), 0.27
H-20—-L (9%), H-13—L 3%), H-11 - L +4 (3%),
H-10—»L 2%), H—>L+1 (3%)
So—S10 165.05 7.51 H-13—-L+4 (12%), H-11-L+4 (19%), H-22—L (2%), H-10—>L +4 (9%), 0.25
H-9—L+4 (2%), H-7T—L+2 (9%),
H-3—-L+4(5%),H-1-L+3 3%)
So—S; 162.44 7.63 H-22—-L+1(13%), H-7—L+2 (14%), H-24 ->L+1 (8%), H-20—L+1 (4%), 0.47
H-13—-L+12%), H-3—>L+1 (5%),
H-2—-L+3(3%),H-1-L+3 (7%), H—>L (3%),
H—L+15(3%)
So—S;3 158.27 7.83 H-7-L+3 (31%)H-22—L+1 (3%), H-7T—-L+1 3%), 0.19
H-7—-L+2 (8%), H-6 >L+3 3%), H-3—>L+2 (5%),
H-2—-L+24%),H-1-L+1 (4%), H-1->L+2 (9%), H-1 > L+3 2%)
So—S14 157.55 7.86 H-7-L+3 (12%)H-24—>L+1 (3%), H-22—-L+1 (5%), H-11->L+4 (3%), 0.13

H-7-L+1 (4%), H-7—L+2 (9%), H-3—>L+3 (4%), H-2—L+2 (3%),
H-2—L+3 (3%), H-1>L+2 (6%), H-1—L+3 (7%)

*In this Table the transitions with f>0.10 are presented
*H HOMO, L LUMO

is defined by ten configurations including H-22 - L + 1
(13%), H-7—L+2 (14%), H-24 ->L+1 (8%), H-20—>L +1
(4%), H-13—-L+1 2%), H-3—>L+1 (5%), H-2—>L+3
(3%), H-1-L+3 (7%), H—L (3%), H—>L+15 (3%)
(Table 6). Excitation of an electron from H-7—L+2 (14%)
gives the main contribution to the formation of the absorp-
tion band at 162.44 nm. The other important excited state
is excitation of one electron at 191.66 nm (f=0.44) that
belonged to the transition into the excited state Sy — S,. The
other excited states of the title complex have small inten-
sity. The calculated UV spectrum of the complex BNNT/
Talzenna displayed on in Fig. 8.

In the UV spectrum of isolated Talzenna drug, 4.,
appeared at 159.55 nm, while after encapsulation of
Talzenna into CNT(8,8-7) and BNNT(8,8-7) is changed to
365.71 nm and 162.44 nm, respectively. According to these
results, we found that encapsulation of Talzenna drug into
CNT and BNNT enhances the value of A,,, and it can be
recognized as a bathochromic shift.

@ Springer

Conclusion

In this work, we have studied the adsorption energies and
electronic properties of capsulation of Talzenna drug into
CNT(8,8-7) and BNNT(8,8-7) using DFT calculations and
UV/Vis spectroscopy investigations. The results show that
Talzenna drug has the higher adsorption energy (-40.78 eV)
with CNT rather than BNNT (36.39 eV). The CNT(8,8-7)
with the lower energy gap (3.27 eV) rather than the BNNT
(7.46 eV) can be a better choice for encapsulation of the
Talzenna drug. Also, the values of # parameter of CNT
(1.63 eV) and BNNT (3.73 eV) specified that the reac-
tivity of CNT is higher rather than BNNT that shows the
Talzenna increasing the reactivity of CNT comparing with
BNNR. NBO analysis predicted a charge transfer from the
Talzenna drug to CNT and BNNT and from CNT and BNNT
to Talzenna. The encapsulation of Talzenna drug into the
CNT and BNNT increases the value of A_.. (from 159.55 nm

max

to 365.71 nm in CNT/Talzenna and from 159.55 nm to
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Fig.8 UV spectrum of the Talzenna drug (a), complex CNT/Talzenna (b) and BNNT/Talzenna (c) calculated by TDM062X/6-311G* method

162.44 nm in BNNT/Talzenna) and it can be considered as
a bathochromic shift. We hope that results of our research
can be used in drugs delivery to cancer cells and to support
decreased drug interaction with healthy tissue.
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