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Abstract

Background: The purpose of using nano-carriers for drugs delivery, such as nanotubes, is slow release of
drug and reducing side effects of drugs. Drugs are very active due to their many functional groups.
Therefore, reactivity of drug is reduced by being in nanotube field due to electronic resonance of drug with
nanotube and it stays longer in body. As a result, less amount of drug is used and fewer side effects occur.
Materials and methods: In present study, boron nitride nanotubes (n = 9, m = 9) with 7 angstroms length
and carbon nanotubes (n=9, m=9) with 7 angstroms were used to compare effects of encapsulating anticancer
drug Floxuridine with this nanotube. Using density functional theory (DFT) at theoretical level of B3LYP /
6-31G *, structure of drug and BNNT (9, 9-7), CNT (9, 9-7) and nano- drug systems were optimized.
Results: Using optimized structures, spatial parameters such as bond length and bond angels, HOMO-
LUMO orbitals, graphs of density of states (DOS), natural bond orbital (NBO), electronic properties,
parameters of atoms in molecules (AIM) and molecular electrostatic potential (MEP) were discussed.
Conclusion: Analysis of adsorption energy and thermodynamic functions shows that the process of
encapsulation of the drug by both nanotubes is favorable and based on the results of NBO and AIM, BNNT
nanotubes are more suitable for encapsulation of fluoxoridine.
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SCF done energy at B3LYP/6-31G* /(kcal/mol)

Compounds scf done energy U(r) ACP E ads E def
Floxuridine -586748.7234 * * * #
Floxuridine-BQ(BNNT) -586748.7215 * * * -0.00181
BNNT -2714791.5809 * * *
BNNT-BQ(Floxuridine) -2714791.1143 * * * -0.4665
Floxuridine- BNNT -3301547.2554 -7.4195 -0.4683 -6.9512 *
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SCF done energy at B3LYP/6-31G* /(kcal/mol)

Compounds scf done energy U(r) ACP E ads E def
Floxuridine -586748.4661 * * * *
Floxuridine-BQ(CNT) -586748.4382 * * * -0.0278614
CNT -2596425.30201 * * * *
CNT-BQ(Floxuridine) -2596425.24202 * * * -0.0599899
Floxuridine- CNT -3183175.1251 -1.4448 -0.0878 -1.3569 *
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Parameters BNNT CNT Floxuridine Floxuridine- BNNT  Floxuridine- CNT
E+G/(kcal/mol) -2714238.923  -2595805.997  -586641.4321 -3300883.742 -3182448.258
E+H/(kcal/mol) -2714132.044  -2595716.002  -586604.1267 -3300742.323 -3182321.639
E+T/(kcal/mol) -2714132.637  -2595716.595  -586604.7191 -3300742.915 -3182322.231
E+ZPE/(kcal/mol) -2714178.462 -2595754.36 -586614.3325 -3300798.96 -3182370.118
S/(Cal/mol.K) 358.472 301.844 125.123 432227 382.591
adsorption/(kcal/mol) GA * * * -3.386 -0.828

AH adsorption/(kcal/mol) * * * -6.152 -1.509

AEo adsorption/(kcal/mol) * * * -6.165 -1.425

AS adsorption/(Cal/mol.K) * * * -51.368 -44.376
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NBO Analysis E2 Donor (i) Acceptor (j) EQ2) EQG)-E(i)
(kcal/mol) (a.u.)
within Floxuridine Max E2 LP( DN 7 n*0 5-C 14 63.43 0.26
sum of E2= 657.02 kcal/mol Min E2 LP( 2)O 2 c*C 13-H 24 0.51 0.75
within Floxuridine in Floxuridine-BNNT Max E2 LP( DN 7 n*0 5-C 14 61.15 0.27
sum of E2=654.7 kcal/mol Min E2 oN 8-H 20 c*O 5-C 14 0.5 1.23
Floxuridine to BNNT Max E2 LP()F 1 n*B 35-N 37 0.9 1.1
sum of E2= 8.28 kcal/mol Min E2 LP()F 1 c*B 35-N 36 0.05 1.53
BNNT to Floxuridine MaxE2 «B 93-N 95 c*0 3-H 18 1.56 0.73
sum of E2=1.91 kcal/mol MinE2 =aB118-N119 c*C 13-H 27 0.05 0.73
within Floxuridine in Floxuridine-CNT Max E2 LP( DN 8 n*0 6-C 17 56.02 0.27
sum of E2=529.07 kcal/mol Min E2 sC 9-C 11 c*C 10-C 11 0.5 0.95
CNT to Floxuridine Max E2 nC 66-C 67 c*0 4-H 28 0.19 0.71
sum of E2= 0.53 kcal/mol MinE2 wC100-C 108 c*C 11-H 21 0.06 0.71
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Property / B3LYP/6-31g* Compounds
Floxuridine BNNT Floxuridine-BNNT Floxuridine -BQ BNNT-BQ

Erumo / (eV) -1.1464 -0.1186 -1.2092 -1.1423 -0.1186
Enomo/ (eV) -6.3944 -6.4218 -6.4093 -6.4156 -6.4267
Ionization potential (EI) / (eV) 6.3944 6.4218 6.4093 6.4156 6.4267
Electron affinity (EA4 /(eV)) 1.1464 0.1186 1.2092 1.1423 0.1186
Energy gap (Eg) /(eV) 5.2480 6.3032 5.2001 5.2733 6.3081
Chemical potential (p) / (eV) -3.7704 -3.2702 -3.8093 -3.7789 -3.2727
Electronegativity () / (eV) 3.7704 3.2702 3.8093 3.7789 3.2727
Global hardness () / (eV) 2.6240 3.1516 2.6001 2.6366 3.1540
Global electrophilicity (w) / (eV) 2.7088 1.6967 2.7904 2.7080 1.6979
Chemical softness (S)/ (eV-1) 0.1905 0.1586 0.1923 0.1896 0.1585
Dipole Moment / (Debye) 8.1827 0.0000 8.9819 8766 0.1293
AN max -0.043
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Property / B3LYP/6-31g* Compounds
Floxuridine CNT Floxuridine-CNT Floxuridine -BQ CNT-BQ
ELUMO / (eV) -1.1464 -2.7422 -2.7507 -1.1496 -2.7414
EHOMO/ (eV) -6.3944 -4.5590 -4.5680 -6.4020 -4.5593
Ionization potential (EI) / (eV) 6.3944 4.5590 4.5680 6.4020 4.5593
Electron affinity (EA / (eV)) 1.1464 2.7422 2.7507 1.1496 2.7414
Energy gap (Eg) / (eV) 5.2480 1.8168 1.8174 5.2523 1.8179
Chemical potential (1) / (eV) -3.7704 -3.6506 -3.6593 -3.7758 -3.6504
Electronegativity () / (V) 3.7704 3.6506 3.6593 3.7758 3.6504
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AN max -0.017
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H24-N85 0.0017 0.0247 -0.0006 0.0010 -0.0004
H18-N95 0.0134 0.0413 -0.0088 0.0096 -0.0007
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F1-C55 0.0044 0.0204
05-C112 0.0011 0.006
H19-C125 0.0004 0.0016
H21-C100 0.0018 0.006
H20-C93 0.0003 0.0016
H18-C90 0.0002 0.0012
H23-C75 0.0004 0.002
H28-C59 0.0038 0.0136
H25-C115 0.0024 0.0088

Vir) G H (1)
-0.0031 0.0041 -0.0010
-0.0006 0.0011 -0.0004
-0.0001 0.0003 -0.0001
-0.0007 0.0011 -0.0003
-0.0001 0.0003 -0.0001
-0.0001 0.0002 -0.0001
-0.0002 0.0003 -0.0001
-0.0017 0.0026 -0.0008
-0.0009 0.0015 -0.0006
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