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Abstract: In this study, the stereoelectronic interaction and the reactivity of the nalidixic drug in pure
boron nitride and boron nitride nanotubes were investigated using density functional theory (DFT) at
the B3LYP level of theory and the 6/31G* basis set, and G09 calculations were performed. The Gibbs
free energy values of the drug nalidixic acid, boron nitride nanotube, and doped boron nitride nanotube
in the gas phase have been calculated to be -3.799, -6.2404, and -1.2622 Hartree, respectively. The
values show that the stability of the mixtures is higher for the drug encapsulated in the doped boron
nitride nanotube than for the pure nanotube. NBO analysis shows that for the mixture of the drug
nalidixic acid and the doped boron nitride nanotube, the highest resonance (stability) energy due to the
electron delocalization LP(2)O85—LP*(1)All is equal to 39.86 kcal/mol. The total electron transfers
between the drug and the doped boron nitride nanotube from the nalidixic acid drug to the doped
nanotube are approximately 13 times greater than the total transfers from the nanotube to the drug. The
bond energy gap drug significantly increases its conductivity when placed on a doped boron nitride
nanotube. The drug bond gap energy significantly increases its conductivity when placed on a doped
boron nitride nanotube. Also, a significant increase in the dipole moment is observed in the mixture of
the drug with the doped boron nitride nanotube compared to the pure nanotube, indicating an increase
in the interaction between the nalidixic acid drug and the doped nanotube. Therefore, doping boron
nitride nanotubes can be a suitable drug delivery solution for drug delivery in biological systems.
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LP*( 1)B3 BD*( 1)087-C100 0.08 0.5
BD*( 2)B1-N60 BD*( 1)086-H113 0.19 0.35
BD*( 2)N2-B8 BD*( 1)086-H113 0.08 0.35
o 10.19

Drug to Nanotube in Mix

BD ( 1)086-H113 BD*( 1)B1-N2 0.14 1.19
BD ( 1)086-H113 BD*( 2)B1-N60 0.17 0.8
BD ( 1)0O86-H113 BD*( 1)N2-B3 0.08 1.17
BD ( 1)086-H113 BD*( 1)N2-B8 0.13 1.17
BD (2)087-C100 LP*( 1)B3 0.05 0.36
LP ( 1)O86 BD*( 2)N2-B8 0.1 0.6
LP (2)0O86 BD*( 2)B1-N60 0.2 0.36
LP (2)0O86 BD*( 2)N2-B8 0.08 0.36
LP( 1)O87 LP*( 1)B3 0.94 0.69
LP(1)0O87 BD*( 1)B3-N57 0.08 1.17
LP( 1)O87 BD*( 1)B3-H61 0.05 1.19
LP(2)087 LP*( 1)B3 2.6 0.25
LP (2)087 BD*( 1)N2-B3 0.14 0.68
LP(2)087 BD*( 1)B3-N57 0.11 0.74
LP (2)087 BD*( 1)B3-H61 0.08 0.75
BD*(2)087-C100 LP*( 1)B3 0.11 0.02
1] 5.06
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“6-31G/B3LYP (¢ i gdaws ;3 DFT clyasls ;1 oolizsl b

Donor NBO (i) Acceptor NBO (j) E(2) AE
Nanotube to Drug in Mix

LP*(1)AIlL BD*(1) O 85-C 95 4.87 0.34
LP*(3)All BD*(1) O 85-C 95 2.18 0.23
LP*(3)All BD*(1) C 96 - H 105 1.39 0.29
BD (2) B55-N 57 BD* (1) C 96 - H 105 2.25 0.73
0 10.69

Drug to Nanotube in Mix

BD(1)O 85-C 95 LP*( 1Al 1 2.13 1.14
BD (1)O85-C95 LP*(3)All 6.55 1.26
BD(1)O 85-C 95 LP*(4)Al 1 1.98 1.22
BD(2)O 85-C 95 LP*(4)Al 1 3.31 0.56
BD(1)C 94-C 95 LP*(3)Al 1 1.48 0.94
LP(1)O 85 .LP*(2)Al 1 4.73 0.48
LP(1)O 85 .LP*(3)Al 1 3.92 0.52
LP(2)085 .LP*(DAI 1 39.86 0.81
LP(2)0O 85 LP*(2)Al 1 4.85 0.88
LP(2)085 LP*(3)Al 1 40.56 0.92
LP(2)0O 85 LP*(4)Al 1 11.9 0.89
LP(1)O 86 LP*(2)Al 1 3.45 0.75
LP(1)O 86 LP*(4)Al 1 1.14 0.75
BD*(22) O 85-C 95 LP*(4)Al 1 1.94 0.23
BD*(2)O 85-C 95 LP*(4)Al 1 1.94 0.23
0 129.74
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2 Slaslone 3l oalisl b postsogll ol b o g3 gl ypuis 13 5 (oS & Sl SenSoadl (59,05 (61 NBO 04h dnlme (sl o & Jgo
*B3LYP/6-31G. (4,5 pdaus

Natural charge / B3LYP/6-31G*

Within (Drug) Within (Drug) in Drug-BNNT A(q)

O 1 -0.55536 O 85 -0.72668 0.171
o 2 -0.67425 O 86 -0.67351 -0.001
O 3 -0.62048 O 87 -0.59199 -0.028
N 4 -0.36598 N 88 -0.33825 -0.028
N 5§ -0.49273 N &9 -0.48717 -0.006
C 6 0.39578 C 90 0.40498 -0.009
Cc 7 -0.16506 C 91 -0.15807 -0.007
C 8 -0.27229 Cc 92 -0.27344 0.001
Cc 9 0.0916 C 93 0.11196 -0.020
C 10 -0.28342 C 9% -0.26244 -0.021
C 11 0.46051 C 95 0.51876 -0.058
C 12 -0.1477 C 96 -0.12907 -0.019
C 13 0.23836 c 97 0.2588 -0.020
C 14 -0.71176 C 98 -0.71399 0.002
C 15 -0.28125 C 99 -0.26601 -0.015
C 16 0.76296 C 100 0.76978 -0.007
Cc 17 -0.72801 C 101 -0.73237 0.004
H 18 0.27609 H 102 0.28296 -0.007
H 19 0.24745 H 103 0.25333 -0.006
H 20 0.27343 H 104 0.28324 -0.010
H 21 0.27852 H 105 0.29699 -0.018
H 22 0.24136 H 106 0.24442 -0.003
H 23 0.25445 H 107 0.2575 -0.003
H 24 0.24833 H 108 0.25674 -0.008
H 25 0.25439 H 109 0.26627 -0.012
H 26 0.25616 H 110 0.26361 -0.007
H 27 0.25645 H 111 0.26562 -0.009
H 28 0.264 H 112 0.26746 -0.003
H 29 0.49844 H 113 0.52095 -0.023
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VIYYAY 5 _(R(88,92 V/¥a¥a « (R(87,100 V/Y¥YY D15 095 00 Al Sg,uiS]l
5 (R(93,94 VYMY ¢ _(R(91,96 \/$1¥4. (R(88,93 95 4 52y gl = Aol Sl g 5 >

o) ) Uity yvad 4 Coud_(R(94,100 VYA (R(85,95 VYA disn Jobo « posimosl] ol Ly oas
S PSSl o [o N e an slakign Jobo s 4 cows (R(94,95 V/¥YFD 4 (R(91,95 VY050
0 A e j Ly Job (il ol 4l A gladigy Job (el a9yl )3 A ey e

poredl il b odd 05> 153y gl 90 13 9 (Al & sl Sl (g9)l5 005 dizy slotisny Jsbo pdlie Y Jgu
Optimized structure parameters / B3LYP/6-31G*

Within (Drug) in BNNT- Drug Within (Drug)

Bonds Bond lengths (A)  Bond Bond lengths (A) A
R(1,11) 12551 R(85,95) 1.2804 -0.03
R(2,16) 13689 R(86,100) 13606 0.01
R(2,29) 0.9826 R(86,113) 0.9809 0.00
R(3,16) 1.2484 R(87,100) 1.2422 0.01
R(4,6) 1.4028 R(88,90) 1.4011 0.00
R(4.8) 14869 R(88,92) 1.4945 2001
R(4,9) 13586 R(88,93) 1.3484 0.01
R(5,6) 13503 R(89,90) 1.3483 0.00
R(5,13) 13485 R(89,97) 1347 0.00
R(6,7) 1.4081 R(90,91) 1.4127 0.00
R(7,11) 1.4853 R(91,95) 1.4565 0.03
R(7,12) 1.4055 R(91,96) 1.4149 2001
R(8,14) 1.5319 R(92,98) 1.5308 0.00
R(8,18) 1.0903 R(92,102) 1.0895 0.00
R(8,19) 1.0937 R(92,103) 1.093 0.00
R(9,10) 13796 R(93,94) 13883 -0.01
R(9,20) 1.0837 R(93,104) 1.0833 0.00
R(10,11) 14646 R(94,95) 1.4345 0.03
R(10,16) 1.4713 R(94,100) 1.479 -0.01
R(12,15) 13883 R(96,99) 1384 0.00
R(12,21) 1.0842 R(96,105) 1.0858 0.00
R(13,15) 1.4123 R(97,99) 1.417 0.00
R(13,17) 1.5056 R(97,101) 1.5026 0.00
R(14,22) 1.0955 R(98,106) 10952 0.00
R(14,23) 1.0934 R(98,107) 1.0931 0.00
R(14.24) 1.0959 R(98,108) 1.0953 0.00
R(15,25) 1.0842 R(99,109) 1.0836 0.00
R(17,26) 1.097 R(101,110) 10966 0.00
R(17,27) 1.097 R(101,111) 1.097 0.00
R(17,28) 1.0913 R(101,112) 1.0909 0.00
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Optimized structure parameters / B3LYP/6-31G*

Within (Drug)

Within (Drug) in BNNT- Drug

Atoms Bond angle (A) Atoms Bond angle (A) Ao
A(16,2,29) 108.6521 A(100,86,113) 112.0924 -3.44
A(6,4,8) 120.2454 A(90,88,92) 120.0874 0.16
A(6,4,9) 119.284 A(90,88,93) 119.5399 -0.26
A(8.4,9) 120.4452 A(92,88,93) 120351 0.09
A(6,5,13) 118.8604 A(90,89,97) 118.8559 0.00
A(4,6,5) 117.0044 A(88,90,89) 116.8869 0.12
A(4,6,7) 119.2583 A(88,90,91) 119.3839 -0.13
A(5,6,7) 123.7371 A(89,90,91) 123.7285 0.01
A(6,7,11) 122.6991 A(90,91,95) 121.193 1.51
A(6,7,12) 116.7567 A(90,91,96) 116.969 2021
A(11,7,12) 120.5442 A(95,91,96) 121.8375 -1.29
A(4,8,14) 112.5332 A(88,92,98) 112.2219 031
A(4,8,18) 107.142 A(88,92,102) 106.8621 0.28
A(4,8,19) 106.6786 A(88,92,103) 106.429 0.25
A(14,8,18) 110.4233 A(98,92,102) 110.7379 -0.31
A(14,8,19) 111.0735 A(98,92,103) 111.3701 -0.30
A(18,8,19) 108.8026 A(102,92,103) 109.0055 -0.20
A(4,9,10) 125.0792 A(88,93,94) 124.3298 0.75
A(4,9,20) 116.433 A(88,93,104) 117.2123 -0.78
A(10,9,20) 118.4874 A(94,93,104) 118.4577 0.03
A(9,10,11) 119.9668 A(93,94,95) 119.3293 0.64
A(9,10,16) 114.2867 A(93,94,100) 114.8993 -0.61
A(11,10,16) 125.7463 A(95,94,100) 125.769 -0.02
A(1L11,7) 120.1862 A(85,95,91) 119.0548 113
A(1,11,10) 126.1022 A(85,95,94) 124.7259 138
A(7,11,10) 113.7115 A(91,95,94) 116.2191 -2.51
A(7,12,15) 119.9957 A(91,96,99) 119.2758 0.72
A(7,12,21) 117.6482 A(91,96,105) 119.4225 -1.77
A(15,12,21) 122.3561 A(99,96,105) 121.3014 1.05
A(5,13,15) 121.2946 A(89,97,99) 121.2443 0.05
A(5,13,17) 117.0846 A(89,97,101) 117.3068 -0.22
A(15,13,17) 121.6209 A(99,97,101) 121.4489 0.17
A(8,14,22) 111.2987 A(92,98,106) 111.4542 -0.16
A(8,14,23) 110.438 A(92,98,107) 110.6408 -0.20
A(8,14,24) 109.7722 A(92,98,108) 109.4463 0.33
A(22,14,23) 108.8358 A(106,98,107) 108.9354 -0.10
A(22,14,24) 108.1602 A(106,98,108) 108.0825 0.08
A(23,14,24) 108.2538 A(107,98,108) 108.1895 0.06
A(12,15,13) 119.3553 A(96,99,97) 119.926 -0.57
A(12,15,25) 120.8946 A(96,99,109) 120.4345 0.46
A(13,15,25) 119.7501 A(97,99,109) 119.6395 0.11
A(2,16,3) 120.7747 A(86,100,87) 122.9203 -2.15
A(2,16,10) 115.3424 A(86,100,94) 113.5907 1.75
A(3,16,10) 123.8829 A(87,100,94) 123.4877 0.40
A(13,17,26) 111.1501 A(97,101,110) 111.0236 0.13
A(13,17,27) 111.1386 A(97,101,111) 110.872 0.27
A(13,17,28) 109.8107 A(97,101,112) 110.0707 -0.26
A(26,17,27) 107.1859 A(110,101,111) 107.1053 0.08
A(26,17,28) 108.7429 A(110,101,112) 108.9364 -0.19
A(27,17,28) 108.7253 A(111,101,112) 108.747 -0.02
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Property / B3LYP/6-31G* Compounds
Drug AINNT Drug-AINNT2
E, o 7 (€V) -1.753 -1.388 -3.088
E, om0’/ (€V) -6.272 -6.325 -5.568
Ionization potential (EI) / (eV) 6.272 6.325 5.568
Electron affinity (EA / (eV)) 1.753 1.388 3.088
Energy gap (Eg) / (eV) 4.518 4.936 2.480
Chemical potential (n) / (eV) -4.012 -3.857 -4.328
Electronegativity (y) / (eV) 4.012 3.857 4.328
Global hardness (n) / (eV) 0.2259 2.468 1.240
Global electrophilicity (®) / (eV) 3.563 3.013 7.552
Chemical softness (S)/ (eV™) 0.221 0.203 0.403
Dipole Moment / (Debye) 5.633 1.247 17.058
é ] E o= -1.753 eV.
- e &
Eg=4.518eV.
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—— Virtual orbitals
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B, uo=1-388 eV.
Eg=4.936¢V.
E, o= -6-325eV.
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Eg=2.480eV.
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