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MO
AIM

To analyze the influence of three atoms (named carbon,
nitrogen and boron) on a set of highly symmetry structure
represented by the family of congeners of one-cage
pentagonal faced nanostructure.
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Presenter
Presentation Notes
B = Boron, chemical atom with atomic number 5. Has low abundance in the solar system and earth’s structure – rhombohedral crystal structure

C = atomic number 6, nonmetallic and tetravalent. One of the few elements known since antiquity – diamond cubic crystal structure

Nitrogen = N (diatomic nonmetal) atomic number 7, a common element in the univers, estimated at about 7th in total abundance in our galaxy and Solar system – hexagonal crystal structure
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Presenter
Presentation Notes
PM3 semi-empirical method

Regular dodecahedrane – with all 20 carbon atoms equivalent 

Synthesized first in 1982 at Ohio State University

Each vertex is a carbon atom that bonds to three neighbouring carbon atoms 




MOLD
MATERIAL

e Layers =4 & Levels =3 — 3% =81 structures

e 45 distinct congeners

L0 L1 L2 L3 L0 L0 L1 L2 L3
01 C 3. ¢ C N C
02 N C 32 C C N N
03 C N C 33 C N
04 N C 34 C N
05 N N C 3. C N C
06 C C 36 C N C N
07 C N C 37. C N N
08 C C C 33. C N N C
09 C C N| |24 ¢ C 3 C N N N
10 C N 25 ¢ C N N
11 C N N| |26 C C N N
12 NIB N| [27 C C C 42 N C N
13 N C N|[|28 C C C C| |4 N C C N
14 N N q 29 C C C N| |4 N C N N
15 N N N|[30 ¢ ¢ NIB][45 N N N N
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Presenter
Presentation Notes
Boron = metalloid

Carbon = Polyatomic nonmental

Nitrogen = Diatomic nonmetal


MODR
METHODS

e Structures drawn: HyperChem

e Geometry optimization:
— Spartan (v. 10)
— Method: Moller Plesset
- Basis set: 6-31G*

e Properties calculation (Spartan): volume, surface area,
ovality, HOMO and LUMO energies, polarizability, dipole
moment, entropy, enthalpy, and total energy
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MOL

METHODS

i omputer-Assisted M . i Save to

Full factorial analysis: e Szeged Matrix Property Indices
e Properties (SMPI) Descriptors Family:
o All factors in the model — - pure topological information
perfect model (R?=1) - extended molecular topology
e Method: stepwise backward — information from molecular
e Program: home made geometry
Gene Genome
C|B|N _
Atomic property (A;) A |B |C|D|E|F
N |C|B Distance metric (D,,) T |G |U
BN C Interaction descriptor (1) E (U |D|Q
Matrix operation (M, ) m | M (I |] |E|F
Linearization operator (L,) |I |R |L
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Presentation Notes
Full factorial analysis:

Detect groups of equivalent factors - symmetry

Detect groups of irrelevant factors - Zero’s

Leave-one-out on factors reducing of the complexity of the factorial analysis

Investigate main effects and interaction effects





Ap = Atomic property: A = Atomic mass; B = atomic number, C = cardinality, D = solid state density (in kg/m3), E = Electronegativity, F = First ionization energy (in kJ/mol), G = melting point (in K) 

DM = distance metric: T = topological; G = Geometrical distance; U = weighted topological distance

ID = Interaction descriptor: m = minimum; M = maximum; different operations with matrix elements

Lo = Linearization operator: I = leaving the value unchanged; R = inverse of the value; L = logarithm of the value




MOL
RESULTS: FACTORIAL ANALYSIS

Property Dist Sym Zero Property Sym

DipoleT_C 44 36 Ovality_C 44 36
DipoleT_N 44 36 Ovality_N 41 39
EnergyHF_C 44 36 Polarizability_C 43 37
EnergyHF_N 43 36 Polarizability_N 44 36
HOMO_C 44 36 SurfaceArea_C 44 36
HOMO_N 42 37 1 SurfaceArea_N 44 36
LUMO_C 44 36 TotalsEnth_C 44 36
LUMO_N 43 37 TotalsEnth_N 44 36
Volume_C 44 36 TotalsEntr_C 44 36
Volume_N 43 37 TotalsEntr_N 44 36
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MOL
RESULTS: FACTORIAL ANALYSIS

Polarizability

C4*N2+N3*C1 |N4*N2+N3*N1 | N4*C1+C4*N1 |N4*N1 |0.9135

B4+B1 C4+C1 B3+B2 C3+C2 |Q9665 |

Energy

Pol & Eng
C4+C1 N4+N1 N3+N2 0.9450 r=0.9366
B4+B1 B3+B2 C3+C2 0.9257

B4+B1 C4+C1 B3+B2 C3+C2 |0.9999




MO
RESULTS: FACTORIAL ANALYSIS

Property NoF Property

DipoleT_C 19 | 0.9566 Ovality_C 15| 0.9502

DipoleT_N 141 0.9549 Ovality_N 18 0.9508

DipoleT_B 15 | 0.9526 Ovality_B 71 09577

EnergyHF_C 4 1 0.9999 Polarizability_C 8 0.9526

EnergyHF_N 4 | 0.9999 Polarizability_N 4 [ 09665 10

EnergyHF_B 41 0.9999 Polarizability_B 3 0.9615 Z: 6 (max)

HOMO_C 27 1 0.9951 SurfaceArea_C 8| 0.9566 Z | 8 (min)
HOMO_ N 17 | 0.9522 SurfaceArea N 5 0.9536 5 -

HOMO_B 12| 09535 | | SurfaceArea B 3] 09567 | 1 Q g

LUMO_C 8| 09591 | | TotalsEnth_C 2| 09862 | 21 o Zgn)ax) 1 (max)
LUMO_N 10 | 0.9504 TotalsEnth_N 2| 0.9562 0

LUMO_B 8| 09641 | | TotalsEnth B 9| 0.9504 Carbon Nitrogen Boron
Volume C 91 0.9548 TotalsEntr_C 18 0.9533

Volume_N 41 0.9809 TotalsEntr_N 8 0.9622

Volume B 3| 0.9593 TotalsEntr_B 7 0.9601
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MOL

RESULTS: SMPI MODELS

0.9759

Eq Model

01 Y givole = 29.39-292.16XRMEGE

02 Y energy = 5939.21-736.49XLJETE

03 Y om0 = -0-122-0.001x [JUGE

04 Y umo = -3-47+1.10xLmUTA

05 Y., = 346.10-0.64xIJUGE 09704 '
06 Y gvaiiey = 1-43-(2.25%10%)xRFEGA

07 ?polaﬁmbﬂny = 70.02-0.07xIJUGE E -
08 Y ia = 267.25-0.35%IJUGE I —
09 Y enthalpy = 172.74+4267.89%REEGB

10 Y entropy =-497.32+0.19xIEGC
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Presenter
Presentation Notes
HOMO positively correlate with volume, polarizability and surface area with coefficients higher than 0.7. 


MODR
RESULTS: SMPI MODELS

£ Model statistics LOO statistics
) R? R 4i S Fesi(Pest) R%00 | Sioo Fo0(Pioo)
01| 0.3341| 0.3186| 2.80 22 (3.21-10°) | 0.2809 | 2.92 17 (1.99:10%)
02 | 0.9895| 0.9893 | 13.39 | 4062 (3.30:1044) | 0.9886 | 13.99 | 3715 (3.83:10%4)
03| 0.6245| 0.6158 | 0.03 72 (1.08:10-19) | 0.5980 | 0.04 64 (4.82-10-19)
04| 0.7611 | 0.7555| 0.04| 137 (5.92-10-15) | 0.7303 | 0.05 116 (8.66-10°14)
05| 0.9394 | 09380 | 6.68| 667 (8.22:1028) | 09338 | 6.98 606 (2.30-10-27)
06| 0.7031| 0.6962 | 0.01| 102 (6.56-1013)| 0.6762 | 0.01 90 (4.36-10°1%)
07 | 0.9527 | 09516 | 0.61| 867(3.94:103%) | 0.9481| 0.64 785 (1.08-10-%9)
08| 0.7990 | 0.7944 | 7.25| 171(1.40-10'¢)| 0.7813| 7.57 154 (8.88-10-19)
09| 0.8894 | 0.8869 | 64.44 | 346 (3.51:102%2) | 0.8738 | 68.87 297 (3.38:1021)
10| 0.6758 | 0.6683 | 18.22 90 (4.42-10°12) | 0.6487 | 18.97 79 (2.57-10-11)
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MOL

RESULTS: SMPI MODELS
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Calculated energy
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