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 (FUDRC9H11FN2O5

B54H36N54

یی

FUDRBNNTBNNTFUDR

DFT

M06-2X /6-31G*

M06-2X

5,5-11

 M06-2XM06Minnesota 06

U(r)CP(CPC)

FUDRBNNTBNNT

FUDR

U(r) = EFURD−Nano − EFURD − ENano + ∆CP =

EFURD−Nano − EFURD/BQ − ENano/BQ  ( ) 

∆CP = (EFURD − EFURD/BQ) + (ENano −

ENano/BQ)  ( )

Eads = EFURD−Nano − EFURD − ENano  ( ) 

EDef.FURD = (EFURD − EFURD/BQ)  ( ) 

EDef.Nano = (ENano − ENano/BQ)  ( )

U(r)FURDNano  (𝐸FURD−Nano)

FURDNano

(𝐸FURD)FURD  (𝐸Nano)

Nano  (∆𝐶𝑃)CP(𝐸FURD/𝐵𝑄)

FURDNano  (𝐸Nano/𝐵𝑄)

NanoFURD  (𝐸𝑎𝑑𝑠)

FURDNano  (𝐸𝐷𝑒𝑓.FURD)

                                                           
1 counterpoise correction 
2 Molecular Electrostatic Potential, MEPS 

FURDNano  (𝐸𝐷𝑒𝑓.Nano)

NanoFURD

DFT

n

HOMOE

LUMOE

IEAE
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𝐸𝐼 = −EHOMO                                                 ( ) 

𝐸𝐴 = −ELUMO                                                ( )

η =
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2
                                ( )
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1

2η
                                                          ( ) 

∆N 𝑚𝑎𝑥= 
μ
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3 Quantum Theory of Atoms in Molecules  
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∇2ρBCP = λ1 + λ2 + λ3 = −4 × L  

GBCP = KEG  

VBCP =  −VIR  

HBCP = GBCP + VBCP

𝛻𝜌(𝑟) = 0∇2𝜌(𝑟)
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 پرکميو و هايشده با برنامه گاوس و ي(  طراحBNNT)(FUDR),  نه يبه يساختارها (:1) شکل

                                                           
4 Richard Bader 



 

 

 

 مختلف يهايريگدر جهت  رد بويترين توسط نانولوله نيديجذب فلوکسور نهيبه يساختارها (:2) شکل

 د بوريتريننانولوله  ن از جهات مختلف توسطيديمحاسبه شده در جذب فلوکسور ير انرژيمقاد (:2جدول )

SCF done energy at PM6 

Floxuridine -BNNT(5,5-11) 

State I 

optimization 

energy 

(kcal/mol) 

-2992.45958725 

State II -2994.846911 

State III -2991.85643425 

State IV -2996.657374 

 State V  -2992.7265885 

FUDRBNNT

5,5-11 -

8.4575

Mix-S4

SCF done energy at  M062X /6-31G* /(kcal/mol) 

Compounds SCF done energy U(r)  ∆CP 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 

 

* 

 

 



 

 

BNNT

 

 (11-5و5د بور )يترين نانولولهجذب توسط ن قبل و بعد از يديوند مولکول فلوکسوريسه طول پيمقا 

 

(11-5و5د بور )يترين نانولولهن قبل و بعد از جذب توسط يديوند مولکول فلوکسوريه پيسه زاويمقا 

 TE
el


 ZPEE
el
)0(E

 HE
el


 GE
el


G∆H∆0E∆FUDR

BNNTFUDR-BNNT M062X /6-

31G*

FUDR-BNNT

BNNTFUDR FUDR

BNNT

M062X /6-31G*

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 

                                                           
1 Sum of Electronic and Thermal Free Energies 
2 Sum of Electronic and Zero-Point Energies 

3 Sum of Electronic and Thermal Enthalpies 
4 Sum of Electronic and Thermal Enthalpies 

0

0.5

1

1.5

2

B
o

n
d

 L
en

gh
ts

Bond 

Floxuridine Floxuridine/BNNT

0

50

100

150

B
o

n
d

 A
n

gl
es

Bond

Floxuridine Floxuridine/BNNT



 

 

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 

∆G adsorption/(kcal/mol) * * -5/615 

∆H adsorption/(kcal/mol) * * -6/713 

∆E0/(kcal/mol) * * -7/24 

∆S adsorption/(Cal/mol.K) * * -41/331 

ی

ی

ی

ییی

یی

ی

ییی

ییی

K310 K311K312

FUDR

Temperature Eel+G(Hartree) Eel+H(Hartree) Eel+T(Hartree) E0=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 

 

 (NBO)

ی

FUDR

NBOM062X 

/6-31G*

(E2)

E2

FUDRBNNT FUDR

BNNT

BNNT



 

 

FUDR FUDR-

BNNT

NBO Analysis E2 Donor (i) Acceptor (j) 
E(2) 

(kcal/mol) 

E(j)-

E(i) 

(a.u.) 

within Floxuridine 

sum of E2= 795.43kcal/mol 

Max E2 LP (   1) N   7 π *O   5 - C  14 79/40 0.35 

Min E2 LP (   2) O  5 σ * N   8 - C  17 0.5 0.81 

within Floxuridine in Floxuridine-BNNT 

sum of E2=793.4kcal/mol 

Max E2 LP (   1) N   7 π *O   5 - C  14 78/51 0.35 

Min E2 σ N   8 - H  27 σ *N   8 - C  17 0.5 1.23 

Floxuridine to BNNT 

sum of E2= 9.55kcal/mol 

Max E2 LP (   1) O   2 σ*N  71 - H 141 3.63 1.23 

Min E2 σ O   3 - H  25 σ * B  97 - N  98 0.05 1.35 

BNNT to Floxuridine 

sum of E2= 5.38 kcal/mol 

Max E2 σ B  57 - H 140 σ * O   4 - H  28 2.52 1.02 

Min E2 σ B  44 - H 148 σ *C  13 - H  24 0.05 1.00 

BNNT

FUDRNBOM062X /6-31G*

HOMO 

LUMO 

HOMO LUMO

NBOFUDR

BNNT -UDRF (Eg=7.756767 eV, S= 

)1-0.128919  eVFUDR(Eg=7.75514 eV, 

)1-S= 0.12894 eV

( N ) FUDR-BNNT-

0.026753

HOMO  

LUMO

FUDRHOMO

LUMO

 FUDR-BNNTHOMOFUDR

LUMOBNNT

FUDR

 

Property / M062X/6-31G* 

Compound 

BNNT(5,5-11) Floxuridine BNNT(5,5-11) - 

Floxuridine 

Floxuridine -

BQ 
BNNT-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 



 

 

 

 
 .*M062X /6-31Gدر سطح  FUDR ي( داروDOSو نمودار ) LUMOو  HOMO يهاتالياورباگرام يد (:5)شکل 

 

 

 .*M062X /6-31Gدر سطح  BNNT-FUDR( DOS)و نمودار  LUMOو  HOMO يهاتالياورب اگراميد 

(MEP)

SCF

5,5-11

 

 

ELUMO  / (eV) 0.96871 -0.06258 -0.078911 -0.056598 0.973065 

Energy gap (Eg) / (eV) 8.9252 7.75514 7.760568 7.756767 8.929833 

Ionization potential (EI) / (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 (χ) / (eV) 3.49389 3.94015 3.95919 3.934982 3.491851 

Global hardness (η) / (eV) 4.4626 3.87757 3.88028 3.878383 4.464916 

Chemical potential (μ) / (eV) -3.49389 -3.94015 -3.95919 -3.934982 -3.491851 

Global electrophilicity (ω) / (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 

ΔN max - - -0.026753 - - 



 

 

 
 

 
(MEP)(SCF)

QTAIM

ییی

FUDRیی 

(BCP)BCPρBCP𝜌2𝛻BCPG BCPVBCPH 

AIMیۀ

BNNTFUDR 

BCPBNNT 

11-5,5 >𝜌2𝛻

0  ,  

𝜌𝜌2𝛻   

a.u a.u  ρ 

 𝜌2𝛻 

O2-H141ρ

0.0164𝜌2𝛻 0.0544

 

 

BNN



 

 

QTAIMBNNTFUDR 

 

Bond 

 

ρ 

 

𝛁2ρ 

 

V(r)

 

G (r) H (r)

Esp (kJ/mol) 

 

H19-H142

 

0.0071 

 

0.0248 

 

-0.0033 

 

0.0048 

 

-0.0014 

 

4.3312 

 

O3-H142 

 

0.0048 

 

0.0184 

 

-0.0025 

 

0.0035 

 

-0.0010 

 

3.2812 

 

O3-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 

 

O2-H141 

 

0.0164 

 

0.0544 

 

-0.0136 

 

0.0136 

 

-1.2172 

 

17.85 
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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). 
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