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Quantum chemical investigation using density functional theory (DFT)

approach is performed to assess the interactions of the anticancer

5-fluorouracil (FU) drug and B36N36 nanocluster. The alkali (AMs) and alka-

line earth (AEMs) metals encapsulated B36N36 nanoclusters are also consid-

ered for FU adsorption. Results indicate the significant interaction of FU drug

with pristine as well as encapsulated boron-nitride nanoclusters. Accordingly,

the electronic structure of the nanoclusters is very sensitive to the FU adsorp-

tion. The resulting complexes have less energy gap than the bare ones, which

can produce an appropriate signal for detection of the FU drug. Adsorption of

six FU molecules on the top of each nanocluster indicates their high capacity

for FU drug loading. The FU molecules also interact effectively with the AMs

and AEMs encapsulated nanoclusters in the aqueous medium, which facili-

tates the drug delivery. The studied complexes have higher dipole moments in

aqueous phase than in vacuum medium. The pristine and encapsulated B36N36

nanoclusters are suggested as prospective novel delivery agents and detectors

for FU drug thanks of their suitable features.
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1 | INTRODUCTION

Recently, many biological applications of nanomaterials
have been suggested[1–5] owing to their unique features
and their dissimilarity as compared with their respective
bulk counterparts. Among their various application,
drug delivery systems using nanocarriers has provided
the most promising approach.[6–13] For instance, Tayebee
and coworkers studied various nanostructures as carriers
for different anticancer drugs both experimentally and
theoretically alike.[14–22] Boron nitride nanostructures
are wide-band gap semiconductors with distinctive
physico-chemical properties.[23,24] They are both

chemically and thermally stable materials with high
resistance to oxidation. Importantly, as boron nitride
nanostructures are noncytotoxic and hydrophobic, they
could be promising candidates for different biological
applications and specifically in the nanomedicine field.

Spherical boron-nitride nanoclusters (BNNCs) were
first synthesized in 1994,[25,26] and they have attracted
many theoretical and experimental studies alike.[27–35]

Oku et al.[26] reported that BN nanoclusters could effi-
ciently be synthesized using an arc melting method. The
existence of B36N36 and the singly doped Y@B36N36 deriv-
atives was reported through high-resolution electron
microscopy, mass spectrometry and characterized by
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molecular mechanics and MO calculations.[36] The
B36N36 nanocluster, with a fullerene-like structure, has
been the subject of several theoretical studies.[37–45] Ganji
et al.[46] studied the interaction between the B36N36

nanocluster and glycine amino acid using DFT
approaches and suggested that it can be implemented as
a novel material for drug delivery applications.

The 5-fluorouracil (FU) molecule has multiple
applications[47] and is one of the most beneficial drugs to
treat breast, head, neck, anal, stomach, colon and skin
cancers.[48–50] Many studies have been dedicated to this
multi-facet molecule obviously due to its efficient applica-
tion as a chemotherapeutic agent.[51–55] Undoubtedly,
nanomedicine is a revolutionary medical technology,
particularly in the cancer therapy. In this treatment, the
design of innovative drug delivery system is one of the
most challenging tasks and thereby the survey of prospec-
tive drug delivery agents based on nanostructures consti-
tutes a primordial subject. For instance, Namazi and
coworkers reported the encapsulation of 5-fluorouracil
into the porous of Zn-based metal–organic framework
(MOF-5) as a bio-compatible drug delivery system for the
colon cancer.[56] Gonzales et al. demonstrated that multi-
walled carbon nanotubes complement the anti-tumoral
effect of 5-fluorouracil, and it is a promising approach to
boost the efficacy of traditional chemotherapies.[57] Fur-
thermore, recent advances in the design of 5-fluorouracil
delivery systems as a stepping stone in the safe treatment
of colorectal cancer were reviewed by Entezar-Almahdi
et al.[58] In view of the fact that experimental approaches
inherently require high cost and longer time, computa-
tional studies can help experimentalists in the design of
nanocarriers. The nature of the interactions between
drugs and nanostructures emerges as an essential step.
There are indeed several theoretical reports on the inter-
actions of the FU molecule with different nano-based
materials.[59–69]

In this context, we attempt in the present research to
investigate the interactions of FU molecule with the
B36N36 nanocluster. The evaluation of this process is
important to understand and predict the role of
nanoclusters as drug delivery systems. Furthermore, the
effects of the alkali (Li, Na, K) and earth alkaline
(Be, Mg, Ca) encapsulation inside the B36N36 nanocluster
on the FU adsorption are subsequently studied.

2 | COMPUTATIONAL DETAILS

Quantum chemical calculations are carried out using the
Accelrys' DMol3 package.[70,71] All electronic structure
calculations performed in this study are in the frame-
work of density functional theory (DFT). Geometry

optimization, adsorption energies, dipole moment, the
Hirshfeld charge transfer, frontier molecular orbitals
(HOMO–LUMO distribution), and pH-dependent release
mechanism are considered to probe the interaction
mechanism.

The generalized gradient approximation with the
Becke and the Lee–Yang–Parr functional[72] (BLYP) in
conjunction with a double numeric quality basis set
(DNP) to ensure the accuracy of the calculations. This
method was previously applied for studying of BN
nanoclusters.[73] The van der Waals (vdW) interactions is
also taken into account through the Grimme's
dispersion-corrected (DFT + D) method.[74] The neces-
sity for dispersion correction has been well documented
for the adsorption energy calculations. The smearing
parameter of 0.005 Ha and real-space orbital cutoff radius
4.5 Å were applied in all calculations. The geometry opti-
mization are performed through the convergence criteria
for the energy change, max force, and max displacement
thresholds of 1 � 10�5 Hartree, 0.002 Hartree�Å�1, and
0.005 Å, respectively. Harmonic vibrational frequency
analyses were also carried out to verify the nature of local
minima. Hirshfeld charge density method was applied for
analyzing the charge-transfer process. The conductor-like
screening model (COSMO) was applied for considering
the solvent effect, as well as all computations are
performed in the water phase (ε = 78.54).[75]

3 | RESULTS AND DISCUSSION

Figure 1 presents the optimized structures of the B36N36

nanocluster. Its HOMO and LUMO levels are located at
�1.6 and �6.6 eV, respectively, resulting in a relatively
large frontier orbital energy gap of 5.0 eV. Such a wide
energy gap demonstrates its semiconductor feature,
which well agrees with the experimental energy gap.[76]

The B36N36 nanocluster consists of 6 four-membered
rings and 32 six-membered rings, and thereby three kinds
of B-N bonds can be distinguishable. The B666 bond (I in
Figure 1) shares between two hexagons and both N and
B atoms share three hexagons with the length of 1.49 Å.
Another kind of bond is the B664 which is shared
between two hexagons, but the B or N atom shares two
hexagons, and one tetragonal ring with the length of
1.44 Å. The B64 one is shared between a tetragonal and a
hexagon with a bond length of 1.47 Å, which well agrees
with pervious report[43] (cf. Figure 1). All atomic sites are
equivalent, as seen in the optimized structure of
5-fluorouracil shown in panel II of Figure 1. This drug
contains two different types of oxygen atoms which are
marked as O1and O2 in Figure 1. The bond lengths
C1–O1 and C2–O1 amount to �1.23 Å.
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Let us consider the adsorption behavior of FU on the
surface of B36N36 nanocluster, which is expected to inter-
act through positions with high electron density such as
oxygen atoms. Different types of interaction for the
resulting FU-B36N36 complex are examined. Accordingly,
the FU molecule is located with different vertical or hori-
zontal orientations on various positions of the B36N36

nanocluster, namely, atop of boron or nitrogen atom,
center of tetragonal or hexagonal rings, and different
B–N bonds with both orientations. After full geometry
optimizations without any restrictions, the most stable
complex is achieved whose the corresponding configura-
tion involves a direct binding of a B atom of the
nanocluster to the O1 center of FU (Figure 2). Because
the boron atom has an empty valence orbital, it usually
acts as a Lewis acid site for bonding with the lone pair
electrons of the oxygen atoms. The interaction distance
O1–B3 amounts to 1.63 Å. This interaction causes an
elongation of B–N bonds. In fact, the B3–N4, B3–N7, and
B3–N1 are elongated to 1.57, 1.53, and 1.50 Å, respec-
tively. The B3–N4 bond seems to be much affected upon
FU adsorption. Also, The C2–O1 bond of FU is stretched
from 1.23 to 1.28 Å in FU-B36N36 complex, whereas the
C2–N1 and C2–N2 bonds are slightly compressed from
1.40 to 1.37 Å.

The adsorption performance could be quantified by
evaluation of the binding energy (Ebin) defined by
Equation 1:

Ebin ¼EB36N36�FU� Eiso
B36N36

þEiso
FU

� �
, ð1Þ

where the EB36N36�FU, Eiso
B36N36

, and Eiso
FU terms correspond

to the total electronic energy of the FU-B36N36 complex,
the pristine B36N36 nanocluster, and the isolated FU mol-
ecule. It should be mentioned that it is not necessary to
apply the basis set superposition error (BSSE) correction,
because of the nearly complete basis set for the separated
atoms, which is implemented in the program DMol3.[77]

As for a convention, a negative binding energy value
stands for a thermodynamically favorable and exothermic
adsorption of the FU drug onto the B36N36 nanocluster.
The binding energy of the most stable FU-B36N36 com-
plex is calculated to be �17.0 kcal/mol in vacuum.
Table 1 provides the comparison of the binding energies
of the FU interaction in gas phase with those of some
other studied substrates. The binding energies of FU onto
B36N36 nanocluster is larger than that of the B40 fullerene,
monolayer BC6N nanosheet, graphdiyne nanosheet, and
B24N24 nanocluster. It is approximately similar to that of

FIGURE 1 Optimized geometries of B36N36

and 5-fluoracil
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the 2D-covalent triazine framework and sumanene,
whereas it is smaller than the obtained values for cucur-
bit[6]urils Zn12O12, boron carbide nanotube, and NC3

carbon-like nanotube.
The energy gap (Eg) value of the FU-B36N36 complex

is decreased by 45% with respect to that the pristine
B36N36 to a value of 2.8 eV. Thereby the adsorption of FU
can be identified from such an electronic response,

resulting in a decrease of electric conductivity. As illus-
trated in Figure 2, the LUMO level is located over the FU
moiety in the FU-B36N36 complex, confirming the
charge-flow tendency, going from FU to nanocluster. A
more effective charge transfer within the FU-B36N36 com-
plex corresponds to a better overlap between frontier
orbitals of B36N36 and FU, resulting in a stronger interac-
tion. Further insight can be obtained from the map of the

FIGURE 2 The obtained (I) most

stable geometry, (II) total electron

density map, and (III) the frontier

molecular orbitals of FU-B36N36 complex

TABLE 1 Comparison of binding energy (kcal/mol) of FU-B36N36 complex in gas phase with reported literature values

Substrate Method Binding energy Ref.

B36N36 PBE-D �17.0 This work

B40 fullerene PBE-D �13.5 Shakerzadeh[69]

Monolayer BC6N nanosheet B3PW91 �13.83 Kaviani and Izadyar[63]

Graphdiyne nanosheet B3LYP-D �13.99 Yuan and Mohamadi[68]

B24N24 nanocluster B3LYP-D �11.90 Hazrati et al.[60]

2D-covalent triazine framework M06-2X �17.45 Fayyaz et al.[65]

Sumanene B3LYP-D3 �17.14 Reichert et al.[64]

Cucurbit[6]urils PBE-D �19.37 Sabet and Ganji[61]

Zn12O12 B3LYP �18.41 Zhihong et al.[14]

Boron carbide nanotube M06-2X �21.74 Cao et al.[66]

NC3 carbon-like nanotube B3LYP-D3 �20.83 Cao et al.[62]
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total electronic density. A significant overlap of electron
clouds between the FU molecule and B36N36 nanocluster
is observed from such total electron density calculation
(cf. panel (II) in Figure 2). The net Hirshfeld charge of
the FU molecule in FU- B36N36 complex is also computed
to be �0.28 a.u. Noticeably, the O1 atom of FU bears a
net negative charge of �0.29 au in the isolated form, and
it decreases to �0.13 au in FU-B36N36 complex. In this
regard, the FU molecule acts as a Lewis acid whereas the
nanocluster plays of course the role of a Lewis base.

Regarding the capacity of B36N36 for adsorption of
FU, our computations demonstrate that it can carry up to
six FU molecule simultaneously. The relaxed 6FU-B36N36

system is depicted in Figure S1 in the Supplementary
materials. The binding energy per FU Ebin

� �
in the

6FU-B36N36 complex is calculated to be �16.0 kcal/mol,
according to the following equation:

Ebin ¼ 1
6
E6FU�B36N36 � Eiso

B36N36
þ6Eiso

FU

� �
: ð2Þ

The large adsorption energy per FU indicates that the
B36N36 nanocluster would be an appropriate drug car-
rier with high capacity. However, this interaction needs
to be considered in an aqueous medium for its com-
patibility as a drug delivery system in human body.
When the effects of aqueous solution are included
through the COSMO model, the binding energy per
FU molecule in the 6FU-B36N36 complex becomes

much more negative, namely, Ebin = � 31.4 kcal/mol.
Moreover, the energy gap is distinctly decreased for
this complex. The 6FU-B36N36 system has a value
Eg = 2.2 eV in the gas phase and Eg = 2.7 eV in
aqueous solution.

We now examine the effects of alkaline earth metal
encapsulation inside the B36N36 cage on the FU adsorp-
tion behavior. Previous experimental reports demon-
strated that a dark contrast is often observed near the
center of the boron-nitride clusters, which indicates the
existence of an atom inside.[78] Each metal is now put at
the center of the B36N36 nanocluster and geometry
optimizations are performed without any symmetry
constraint. The spin multiplicity is a doublet for the
AMs@B36N36 and a singlet for AEMs@B36N36. The AMs
include the Li, Na, K elements, and the AEMs the Be,
Mg, Ca. The encapsulation energy is computed as defined
in Equation 3:

EEnc ¼EM@B36N36 � Eiso
B36N36

þEiso
Metal

� �
, ð3Þ

where the EM@B36N36 and Eiso
Metal terms correspond to the

total electronic energies of AMs or AEMs encapsulated
B36N36 nanocluster (M@B36N36 with M=Li, Na, K, Be,
Mg, and Ca) and free metal atom, respectively. The
encapsulation energies are computed to be �21.2, �16.5,
�17.1, �0.5, �2.9, and �3.5 kcal/mol for Li@B36N36,
Na@B36N36, K@B36N36, Be@B36N36, Mg@B36N36, and

FIGURE 3 The AMs and

AEMs encapsulated

nanoclusters, and their

encapsulation energies (EEnc)

given in kcal/mol
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Ca@B36N36 nanoclusters, respectively, indicating a much
higher thermodynamic stability of the alkali metal encap-
sulated nanoclusters in comparison with the alkaline
earth metals counterparts. The relaxed structures of the
encapsulated systems displayed in Figure 3 show that
while the AEM is located at the center of the nanocluster,
the AM is not. The Li element, being smaller in size,
accurately fits within the cavity and exhibits the highest
exothermic encapsulation energy among the considered
systems.

Table 2 show that the HOMO and LUMO energies
are fluctuated in all studied systems. The HOMO in all
systems is destabilized and LUMO stabilized, which
causes a narrowing in the HOMO-LUMPO gap (HLG) as
compared the pristine B36N36 nanocluster. The destabili-
zation of HOMO level in AM encapsulated system is very
significant, resulting the greater HLGs with respect to
AEMs encapsulated systems. The HLG values of
Li@B36N36, Na@B36N36 and K@B36N36 systems reduce
by 82, 85 and 96%, respectively; while the decreases for
Be@ B36N36, Mg@ B36N36, and Ca@ B36N36 correspond
to 31%, 36%, and 74%.

For investigating the AMs and AEMs encapsulated
B36N36 nanoclusters for FU adsorption, all possible posi-
tions of the encapsulated systems for the adsorption of
the FU drugs are checked. The optimal number of the

FU molecules adsorbed remains to be six as in the pris-
tine nanocluster. The binding energy per FU molecule
Ebin
� �

is computed according to Equation 4:

Ebin ¼ 1
6
E6FU�M@B36N36 � EM@B36N36 þ6EFUð Þ: ð4Þ

The E6FU�M@B36N36 term stands for the AM or AEM encap-
sulated B36N36 nanocluster, which is loaded by six FU
molecules. The computed binding energies in both vac-
uum and aqueous medium, which are summarized in
Table 3, are increased in gas phase as compared with that
of pristine B36N36 (Ebin =� 16.2 kcal/mol for 6FU-B36N36

system) and the maximum binding energy correspond to
6FU-K@B36N36 system with Ebin =� 24.9 kcal/mol.
Furthermore, the 6FU-K@B36N36 system has the highest
Ebin in the aqueous medium (�36.5 kcal/mol) among the
considered systems. It is worth mentioning that the Ebin

values increase for in aqueous medium in comparison to
the 6FU-B36N36. Importantly, the fact that the Ebin values
in solution tend to increase with respect to the
corresponding gas phase values points out the more effec-
tive interaction of FU with the metal encapsulated
nanoclusters in the presence of water.

The atoms in molecules (AIM) theory[79] is a conven-
tional computational approach for analyzing the nature
of a chemical interaction using electron density distribu-
tion. The electron density at a bond critical point
(BCP, ρBCP) and its Laplacian r2ρBCPð Þ are electron
density parameters. The small value of electron density at
a given BCP (ρBCP ≤ 0.20) along with positive value of
Laplacian of electron density at this point (r2ρBCP >0)
identify a van der Waals interaction.[80] For this purpose,
the wave functions of the considered structures are con-
structed at BLYP/6-31G** using Gaussian 09 package[81]

and AIM analyses are performed using the AIMALL soft-
ware.[82] Accordingly, there are two BCPs (N … H and B
… O) for the interaction of each FU drug with clusters.
Therefore, six BCPs(N…H) and six BCPs(B…O) are observed
for each studied system. The topological parameters

TABLE 3 The binding energy per

FU molecule (Ebin) and dipole moment

(μ) for the studied systems in gas and

water phases
System

Gas phase Water phase

Ebin (kcal/mol) μ (Debeye) Ebin (kcal/mol) μ (Debeye)

6FU-B36N36 �16.2 6.88 �31.4 11.11

6FU-Li@B36N36 �21.5 5.48 �33.7 9.93

6FU-Na@B36N36 �22.6 5.56 �34.8 9.78

6FU-K@B36N36 �24.9 6.07 �36.5 11.70

6FU-Be@B36N36 �16.6 6.82 �29.7 11.10

6FU-Mg@B36N36 �16.9 6.66 �29.7 11.18

6FU-Ca@B36N36 �22.0 5.06 �33.4 7.45

TABLE 2 The frontier molecular orbital energies (HOMO and

LUMO), and HOMO-LUMO gap (HLG) with its relative variation

(%ΔHLG)

HOMO LUMO HLG %ΔHLG

B36N36 �6.6 �1.6 5.0

Li@B36N36 �2.7 �1.8 0.9 �82

Na@B36N36 �2.8 �2.1 0.7 �85

K@B36N36 �2.1 �1.9 0.2 �96

Be@B36N36 �6.1 �2.6 3.5 �31

Mg@B36N366 �5.0 �1.7 3.2 �36

Ca@B36N36 �3.3 �2.0 1.3 �74
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(ρBCP and r2ρBCP) are given in Table S1. Furthermore,
the mean values of the ρBCP and r2ρBCP for BCPs(N…H)

and BCPs(B…O) are tabulated in Table 4. Accordingly, the
existence of BCPs between the FU molecules and clusters
confirms their chemical interaction. Accordingly, the
considered BCPs have low electron density (ρBCP)
together with positive r2ρBCP values. Therefore, the van
der Waals character of the interatomic contact is deter-
mined for the studied interactions.

The electronic dipole moment is an important issue
for design of nanocarrier. The obtained electronic dipole
moment (μ) values in both gas and water phases are tabu-
lated in Table 2. While the dipole moment of the pristine

B36N36 nanocluster is negligible (0.04 Debye), it increases
significantly upon formation of the 6FU-B36N36 complex
with the values of 6.9 and 11.1 Debye in gas and water
phases, respectively. The adsorption of the FU molecules
onto the metal encapsulated nanoclusters induces a
remarkable increase of the resulting electronic dipole
moment, in particular in aqueous solution. Such an
enhancement of the dipole moment is very necessary for
their solubility in a polar solvent such as water. An
increase in the hydrophilicity after formation of the
complex is valuable factor for the efficient drug delivery
system.

For its part, a drug release from the carrier in the
target cell is the most vital step in a drug delivery process.
Owing to the excessive lactic production, a cancer
cell has generally more acidic than normal cells
(pH < 6).[83,84] Thus, it is necessary to evaluate the effect
of the protons on the stability of the considered com-
plexes. The most suitable positions for protonation of the
FU molecule are obviously the O atoms, which are rich
in electrons. Geometry optimizations of the protonated
complexes are performed and the computed results
indicate that the adsorption energies per protonated
drug of the B36N36 and M@B36N36 decrease to about
�10 kcal/mol in aqueous medium, which are less than
that in the non-protonated complexes (being about
�30 kcal/mol). Thus, a drug release from the introduced
platforms could be possible in the vicinity of the cancer
cells upon protonation is plausible.

Furthermore, the drug release can be occurred by
exposing to light. The recovery time (τ) for the drug
desorption from the cluster surface is computed based on
the transition state theory[85] as follows:

τ¼ υ�1
0 exp

�Ebin

KT

� �
,

TABLE 4 The calculated mean electron density properties of

BCPs and bond lengths

Compound Length (Å) ρBCP (au) r2ρBCP (au)

BCP(H…N)

FU-B36N36 1.68 0.058 0.103

FU-Li@B36N36 1.76 0.048 0.102

FU-Na@B36N36 1.76 0.047 0.100

FU-K@B36N36 1.84 0.039 0.089

FU-Be@B36N36 1.68 0.058 0.103

FU-Mg@B36N36 1.68 0.058 0.103

FU-Ca@B36N36 1.81 0.043 0.095

BCP(O…B)

FU-B36N36 1.68 0.090 0.193

FU-Li@B36N36 1.61 0.104 0.291

FU-Na@B36N36 1.61 0.105 0.294

FU-K@B36N36 1.59 0.109 0.340

FU-Be@B36N36 1.68 0.090 0.192

FU-Mg@B36N36 1.67 0.091 0.205

FU-Ca@B36N36 1.59 0.110 0.341

TABLE 5 The time (in second) for the recovery of the FU drug from the cluster surfaces at 298 K

v0 (nm) B36N36 Li@B36N36 Na@B36N36 K@B36N36 Be@B36N36 Mg@B36N36 Ca@B36N36

Gas phase

10 2.7 � 10�5 0.2 1.2 58.6 5.6 � 10�5 7.8 � 10�5 0.5

400 1.1 � 10�3 8.5 47.3 2343.8 2.2 � 10�3 3.1 � 10�3 18.7

500 1.3 � 10�3 10.6 59.2 2929.8 2.8 � 10�3 3.9 � 10�3 23.4

700 1.9 � 10�3 14.7 82.6 4088.1 60270.1 5.4 � 10�3 32.6

Aqueous medium

10 3.9 � 106 1.7 � 108 1.2 � 109 2.0 � 1010 2.0 � 105 2.0 � 105 1.1 � 108

400 1.5 � 108 6.7 � 109 4.8 � 1010 8.0 � 1011 7.5 � 106 7.5 � 106 4.2 � 109

500 1.9 � 108 8.4 � 109 6.0 � 1010 1.0 � 1012 9.9 � 106 9.9 � 106 5.6 � 109

700 2.0 � 106 1.2 � 1010 8.4 � 1010 1.4 � 1012 1.3 � 107 1.3 � 107 7.9 � 109
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where υ0 is the attempt frequency. The temperature of
the system and the Boltzmann constant denote by T and
K terms, respectively. Accordingly, a larger binding
energy causes a longer recovery time. Table 5 shows the
times for drug release from the bare and encapsulated
B36N36 surface at 298K. In all cases, the recovery time in
aqueous medium is very much longer than that in the
gas phase. For instance, the recovery time of the FU drug
from B36N36 is about 1.3 � 10�3 using the υ0 = 500 nm in
gas phase, in comparison to 1.9 � 108 seconds in aqueous
phase.

4 | CONCLUDING REMARKS

The present research represents a primary but necessary
contribution to the applications of B36N36 nanocluster for
FU delivery and detection. Results reveal that the FU
drug significantly interacts with both pristine and AMs-
and AEMs-encapsulated boron-nitride nanoclusters in
the range of approximately �16 to �24 kcal/mol in gas
phase, and approximately �30 to �37 kcal/mol in
aqueous continuum. The electronic structures of the
nanoclusters are significantly affected upon interaction
with FU. The frontier orbitals suggest the decrease of
HLGs due to the FU drugs adsorption onto nanoclusters,
indicating suitable electronic response for detection of
FU drug. The binding of FU to the pristine and AMs and
AEMs encapsulated B36N36 nanoclusters is expected to be
reversible and triggered by the lower-shifted alteration of
environment pH. The results altogether allow the pristine
and encapsulated B36N36 nanoclusters to be considered as
having a high potentiality for use as drug carriers
and detectors, especially in cancer cells. We hope the
results could open a new window in the nanomedicine
domain.
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