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SCF done energy at PM6
State | -2992.45958725
State 11 optimization l
Floxuridine -BNNT(5,5-11) S — energy 2994.846911
State 111 (kcal/mol) -2991.85643425
State IV -2996.657374
State V -2992.7265885
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Compounds SCF done energy u(r) ACP E ads E def
Floxuridine -586522.0172536 * * * *
Floxuridine-BQ(BNNT) -586521.951404 * * * -0.0658
BNNT -2507969.63467 * * * *
BNNT-BQ(Floxuridine) -2507969.5626 * * * -0.0720
Floxuridine- BNNT -3094500.1095 -8.5954 -0.1379 -8.4575 *
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Thermochemical parameters at M062X/6-31G* Level

Parameters BNNT Floxuridine BNNT / Floxuridine
E+G/(kcal/mol) -2507529/85 -586412/005 -3093947/47
E+H/(kcal/mol) -2507446/04 -586375/667 -3093828/42

3 Sum of Electronic and Thermal Enthalpies
+Sum of Electronic and Thermal Enthalpies

! Sum of Electronic and Thermal Free Energies
2 Sum of Electronic and Zero-Point Energies
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Thermochemical parameters at M062X/6-31G* Level

Parameters BNNT Floxuridine BNNT / Floxuridine
E+T/(kcal/mol) -2507446/63 -586376/26 -3093829/01
E+ZPE/(kcal/mol) -2507482/79 -586385/57 -3093875/6
S/(Cal/mol.K) 281/098 121/881 361/648

AG adsorption/(kcal/mol) * * -5/615

AH adsorption/(kcal/mol) * * -6/713
AEO/(kcal/mol) * * -1124

AS adsorption/(Cal/mol.K) * * -41/331
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Temperature Eel+G(Hartree) Eel+H(Hartree) Eel+T(Hartree) EO=ZPE+Eel S(Cal/Mol.K)
310 °K -934.916788 -934.850412 -934.851394 -934.869587 134.360
311°K -934.917002 -934.850301 -934.851285 -934.869587 134.585
312°K -934.917217 -934.850189 -934.851177 -934.869587 134.810
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Compound

Property / M062X/6-31G*

BNNT(5,5-11) Floxuridine BNNT(5,5-11) - Floxuridine -
BNNT-BQ
Floxuridine BQ
Dipole Moment / (Debye) 0.0000 7.6966 8.8149 8.5285 0.2236
EHOMO / (eV) -7.95649 -7.817720 -7.83948 -7.813366 -7.956768
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ELUMO / (eV) 0.96871 -0.06258 -0.078911 -0.056598 0.973065
Energy gap (Eg) / (eV) 8.9252 7.75514 7.760568 7.756767 8.920833
lonization potential (El) / (eV) 7.95649 7.817720 7.83948 7.813366 7.956768
Electron affinity (EA / (eV)) -0.96871 0.06258 0.078911 0.056598 -0.973065
Electronegativity (%) / (eV) 3.49389 3.94015 3.95919 3.934982 3.491851
Global hardness (1) / (eV) 4.4626 3.87757 3.88028 3.878383 4.464916
Chemical potential (i) / (eV) -3.49389 -3.94015 -3.95919 -3.934982 -3.491851
Global electrophilicity () / (eV) 1.367730 2.00186 2.01985 1.9962032 1.365425
Chemical softness (S)/ (eV-1) 0.112042 0.12894 0.128856 0.128919 0.111984
AN max - - -0.026753 - -

HOMO =“-7,8[7 eV

Eg=7.755

LUMO —Y-0.062 eV

®

e HOMO T -7.839 eV

Eg=7.760 eV

LUMO =-0.078 eV

L I

MOB2X /6-31G* zlas ,s FUDR-BNNT (DOS) ,lsg0i 5 LUMO 5 HOMO (sl Jlis 5l 1S :(5) S5

Cool e ot )b dlgdgil g0 slagsl 5 g ls (59,00 g

S5y 9)59 750 bl ;o dleils slaeil (g5, (e b Al
oatuie s a1 58 pdy AT 551 o 5 nl @ Sl L
il JIs g0 00ls ylis oo,e bolas ¥ IS5 0 0ed e
glgili 5 GaonygaSsld 5l (L850 Az 3 (i j9S 58 D 3 a8

Lol plol o o (G958 (uiliss s g (S e 5y

YEA

(MEP) Jg5d g0 (S5l i Joomiliy

Ol (558 lawgi 0ad armle Sliwly Sl iy

4ol = a5l St sl (SCH) 5 5Less>
i S ol 00 00l Las ¥ S [0 (5,5-11) e oy i
eS| Sl sy s di sl gl

SRS T L Y- SRS UIPRCIUW] UL P SO PP L SO RPN VPV SN



AR 15 F ol ) 05

(K5 pele Sl also

oo N

o e o120 [T

0.142:0

s (SCF) 15 lss lge (55555 gt 0 amlons (MEP) J3Sga (Seilioss 250 Jomilsy 51 lect (V) S
Al a0 g s 0,8 a4 (g mSIYTA § W31 VFA L sotincn o590 0o 50 dlglgili = oy jguSTsld

Vip> &SV Jgaz ;5 (B,5-11)ay o0 alslaili = (o j5uS ko
Gl hiSan s goinslis aF cosl o5 b JE> ke, 0
Ngm 50 Cal (Shgp0ud g (sudlgynlly alaz il sl dig 4Y
GofeS 3 S a4 PPy pogesgame Wl (g,
i P dzyp g adl e TE - 00 Al g e Yoo Yo
ot Wy Sl Fi558 (5g)0em Wisy Wbl Fute VPP
P olaie cpyiin slle uisn gdes 4 Cews 02-H141

HQTAIM) Js5g0 0 ol s0gilgS & ki
g o) $ G iSwe i g g Susle (o) 2 jslaieds
e Sl bLE 0 ssdess sleadlie nolie FUDR
oolasl b Hecpy Vo Gace (72pece e alos;(BCP)
2 s OF 5 8oud aale (AIM)sSge 5o o3l ki)
Bl 5 J5Sse oS a4z 55 b ol ond 5,91 0,5V g
sl blis 54> A S ;o FUDR -BNNT Lglse il o
oiiSen (g (sonleds BNNT alodgili g 4500 0 (BCP) wige

i $55l9155 Slo el b az g bl laalglgil 5 5 10

BNN s 50 siges iy blis G5 1(A) S50



OWen 5 Jlopd oo

u;.b)}mfyﬁ qu)m RV LSB)I‘) L)DIP C)l)“su 37 sadlas

FUDR-BNNT v (sl QTAIM 5 IUT ) Jol> silsy 5 slo il b :(A) Jpir

Esp (kJ/mol)
Bond p V2p V(r) G(n) H ()
H19-H142 0.0071 0.0248 -0.0033 0.0048 -0.0014 4.3312
03-H142 0.0048 0.0184 -0.0025 0.0035 -0.0010 3.2812
03-N98 0.0081 0.0308 -0.0058 0.0067 -0.0009 7.6125
H25-H144 0.0084 0.0352 -0.0049 0.0068 -0.0019 6.4312
H24-H148 0.0015 0.0044 -0.0005 0.0008 -0.0002 0.6562
H22-H140 0.0073 0.0252 -0.0033 0.0048 -0.0015 4.3312
H28-H140 0.0126 0.0456 -0.0082 0.0098 -0.0015 10.7625
02-H141 0.0164 0.0544 -0.0136 0.0136 -1.2172 17.85
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Sahar Ghahremani’, Mehrnoosh Khaleghian?*, Marjaneh Samadizadeh?

Received: 21 Jan, 2020; Accepted: 28 Apr, 2020
Abstract
Background & Aims: Drugs are highly active due to their many functional groups and can be easily
destroyed by stomach acid and excreted before reaching target tissue. Thus, by encapsulating, a sheath
is placed around drug to reduce reactivity of the drug due to stereo electronic resonance with nanotube
and consequently drug stays longer in body. As a result, you can consume a smaller dose of drug and
reduce its side effects.
Materials & Methods: In this study, boron nitride nanotubes (n = 5, m = 5) with 11 angstroms length
were used to compare effects of encapsulation anticancer drug 5-Fluoro-2-deoxyuridine(FUDR) with
this nanotube. Using Density Functional Theory (DFT) and at theoretical level of M06-2X / 6-31G *,
structure of drug, BNNT (5,5-11), and Nano - Drug System were optimized.
Results: Using the structures optimized, spatial parameters, 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 and results were analyzed.
Conclusion: The NBO and AIM results, absorption energy, and thermodynamic functions indicate that
drug adsorption by nanotube process is desirable. Many drugs have low solubility in water and when
placed in presence of a polarized substrate such as boron nitride nanotube, a high solubility drug
complex is formed through hydrogen bonds with that substrate, which increases solubility of drug and
reduces drug accumulation and toxicity in the body.
Keywords: Boron nitride nanotube, Anticancer drug, Density Functional Theory (DFT), Nanotube, 5-
Fluoro-2-deoxyuridine(FUDR), Natural Bond Orbital (NBO), parameters of atoms in molecules (AIM).

Address: Islamshahr Branch, Islamic Azad University, Islamshahr, Iran

Tel: +98 912 3109682
Email: mehr_khaleghian@yahoo.com

SOURCE: STUD MED SCI 2020: 31(4): 254 ISSN: 2717-008X

'Ph.D., Organic Chemistry, Central Tehran Branch, Islamic Azad University, Tehran, Iran

2 Ph.D., Physical Chemistry, Islamshahr Branch, Islamic Azad University, Islamshahr, Iran. (Corresponding
Author)

3 Ph.D., Organic Chemistry, Central Tehran Branch, Islamic Azad University, Tehran, Iran

yog



