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Abstract

The molecular stability, structure, dipole moment, charge
transfer, polarizability and energy of Octonitrocubane have been
studied by using ab- initio Quantum Mechanical calculations. We
have used the Restricted Hartree-Fock (RHF) and density
functional Becke3LYP (B3LYP) theories by employing 6-31G, 6-
31++G** and 6-311++G** basis sets for inclusion of electron
correlation.
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1.0 Introduction

Cubane (@Hg) is a synthetic hydrocarbon molecule which cossidteight carbon atoms arranged at the
corners of a cube. It is a solid crystalline substa It was first synthesized in 1964 by Philip deafl]
from 2-cyclopetanone. Cubane is kinetically stahle to lack of readily available decompositionpaths.

Cubane and its derivatives compounds have rmapgrtant properties. The 90 degree bond angtheof
carbon atoms in cubane means that the bonds andy tstrained. Due to the high reactivity of cubane
compounds, they can be used as high density; higigg fuels (Propellants) and explosives. These
compounds can also be use in medicine, nanoteamand as polymer example Octanitrocubane and
Heptanitrocubane (cubane derivatives). Moleculachaaical calculations, semi-empirical and ab initio
guantum mechanical treatments of cubane have meed out but such studies have not yet beenechrri
out on it derivatives [2].

Octanitrocubane (810,) is a stable, white solid with a density of 1.98g. It is a powerful high
explosive and it is shock insensitive. Octanitrcand was synthesized by Philip Eaton and Mao-Xi ghan
at the University of Chicago in 1999 [3]. Its cigMihe structure was proven by the crystallographer
Richard Gilardi of the United States Naval Resedabloratory [3]. It is believed to be one of the Ndts
most energetic substances and potentially powerda-nuclear explosive. Military is interested iristh
molecule because it is said to be powerful than H{@Xtogen) [4]. This increase in power is due $0 it
highly expansive breakdown into G@nd N, as well as to the presence of strained chemmadi® in the
molecule which have stored
potential energy. In addition, Octanitrocubane pid no water vapour making it less visible, anth bo
the chemical itself and its decomposition produres considered non-toxic. Although some works have
been carried out on the chemical and physical ptigseof this molecule [3], yet detail works argueed
to understand the physio-chemical properties offiitiocubane. For this we have used ab initio nagho
and the results are presented in the present Wéekcould not compare our results with other thecaet
results because we did not find any results orafrbcubane obtained by employing the same basis
sets.
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2.0  Computational Methodology

The molecular structure of Octanitrocubane has Heéy optimized by using ab- initio quantum
mechanical calculations at the Restricted HartreekRRHF) level of theory without using any symnyetr
constraints. Initial geometry optimization was penfied using the ab-initio RHF method with 3-21Gibas
set. Subsequently, its results were utilised tobihss set 6-31G basis set, to the 6-31++G** besisaand
final calculation were carried out with 6-311++Gievel. The structure was refined further using Digns
Functional Theory which is a cost effective methiodinclusion of electron correlations with the ebr
parameter density functional generally known askB8tYP (B3LYP), which includes Becke’s gradient
exchange corrections [5], the Lee, Yang and Paretadion functional [6] and the Vosko, Wilk and $dir
correlation functional [7] with a 6-31++G** and - 1++G** basis sets. At the first step geometry
optimization was carried out then the IR and Rafmaguencies were calculated.

The optimized molecular structure was testeddmputing the second derivatives and checkingata
the harmonic vibrational frequencies are founddadml at all level of calculations. All calculat®in the
present work were performed on Pentium M PC usinigddivs version of Gaussian 03 [8] suit of ab initio
guantum chemical program.

RESULT AND DISCUSSION

3.1 Molecular structure

The geometrical parameters (bond lengths ol angles) of Octanitrocubane at the RHF/6-31G,
RHF/6-31++G**, RHF/6-311++G** and B3LYP/6-31++G** \els of theories are listed in Table 1 while
the molecular structure is shown in Figure 1. Thare slight variations in some of the geometrical
parameters while some are the same at the twosle¥é¢heories. The calculated bond lengths at RidEl
are slightly (0.01A to 0.02A) smaller than the esponding values obtained at the DFT/B3LYP level fo
the 6-31++G** basis set. The bond angles vary ftbinto 0.4 degree at both levels of theories. Titges
between the atoms in the Cubane ring vary from3$80990.36 degree at both levels of theory which is
approximately equal to 90 degree as obtained exgeatally. The Cubane ring makes the molecule more
stable. The Oxygen atoms play a major role in {eeten density configuration. The bond lengthd an
bond angles obtained at the RHF/6-31G basis setlagbtly greater than their corresponding values
obtained at RHF for the 6-31++G** and 6-311++G*simsets.

3.2 Energies and Dipole moments

The dipole moments in Debye and total electroniergies (a.u) without zero point correction ) Bwith
zero point correction (, with thermal energy correction {Eand with enthalpy correction {Efor the
molecule at the RHF/6-31G, RHF/6-31++G** RHF/6-3#G** and B3LYP/6-31++G** level of
theories are listed in Table 2. The scaling fafborthe zero-point vibrational energy is 0.9877 fioe 6-
311++G** basis set and 0.8929 for the 6-31G basti$-[10].

The dipole moment of the molecule gives the stitendthe polarity of the molecule. The magnitudethef
dipole moment obtained at B3LYP/6-31++G** and B3L8RB1++G** levels are smaller as compared to
the corresponding values of the dipole moment aFRFB1G, RHF/6-31++G** and RHF/6-311++G**
levels. Oxygen atoms draw more electrons from thedighbouring carbon atoms, become highly
electronegative in this molecule and attract etexsrmore strongly than the other atoms both in6the
31++G** and 6-311++G** basis sets. Thus we can &t an anisotropic impact on the molecule makes
the electron transfer from Carbon and Nitrogen attaorthe Oxygen atoms.
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3.3 Charge Transfer and Polarizability.

The electrostatic potential derived Charges orediffit atomic positions of Octanitrocubane at thé-iRH
31G, RHF/6-31++G**, RHF/6-311++G** and B3LYP/6-31&+** levels of theories are listed in Table 3.
From Table 3 it is clear that the values of chamgesll the Oxygen atoms are negative while timathe
Carbon and Nitrogen atoms are positive at RHR/E+G**, RHF/6-311++G** and B3LYP/6-
31++G** basis sets except for the RHF/6-31G basisidere, the charges on all the Oxygen atomstzand t
Carbon C3, C5, C6, C8 atoms are negative whileethas all Nitrogen atoms andC1, C2, C4, C6 are
negative.

The polarizability tensor components of Octanitfome obtained at RHF/6-31G, RHF/6-
31++G** RHF/6-311++G** and B3LYP/6-31++G** basis tseare listed in Table 2. The polarizability
tensor components of Octanitrocubane molecule ¥x,agd zz corresponding components increases
significantly as we move from RHF/6-31G, RHF/6-3G*, RHF/6-311++G** to B3LYP/6-31++G**
levels. The xy, xz and yz component are not sigaift.

Table 1: Optimized geometrical parameters of Octanitrocubane molede obtained
at RHF and B3LYP methods by employing 6-31G, 6-31++G** and 6- 311++G**
basis sets. Bond Lengths are given in (&) and Bond Angles ().

Geomet. RHF/6-31G  /6-31++G** /6-311++#@3LYP/6-31++G**

Parameters

R1 R(1,3) 1.5632 1.5544 1.5555 1.5697
R2 R(1,5) 1.56111.5544 1.5555 1.5697
R3 R(1,6) 15606 1.5511 1.5523 1.5652
R4 R(1,28) 1.4507 1.4641  1.4687 1.4864
R5 R(2,3) 15606 1.5511 1.5523 1.5652
R6 R(2,6) 15632 1.5544  1.5555 1.5697
R7 R(2,8) 15611 1.5544 1.5555 1.5697
R8 R(2,11) 1.4507 1.4641 1.4687 1.4864
R9 R(3,4) 15611 1.5544  1.5555 1.5698
R10 R(3,9) 1.4506 1.4641  1.4687 1.4864
R11 R(4,5) 15632 1.5544  1.5555 1.5697
R12 R(4,8) 15606 1.5511 1.5523 1.5652
R13 R(4,10) 1.4507 1.4641 1.4687 1.4864
R14 R(5,7) 15606 1.5511 1.5523 1.5651
R15 R(5,12) 14506 1.4641 1.4687 1.4863
R16 R(6,7) 15611  1.5544  1.5555 1.5697
R17 R(6,31) 1.4506 1.4641 1.4687 1.4864
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R18 R(7,8) 1.5632 1.5544  1.5555 1.5697

R19 R(7,13) 1.4507 14641 1.4687 1.4864
R20 R(8,14) 1.4506 1.4641 1.4687 1.4864
R21 R(9,16) 1.2161 1.184 1.1768 1.2203
R22 R(9,18) 1.2163 1.1851 1.1778 1.2215
R23 R(10,15) 1.2153 1.184 1.1768 1.2203
R24 R(10,17) 1.2168 11851 1.1778 1.2215
R25 R(11,19) 1.2168 11851 1.1778 1.2214
R26 R(11,32) 1.2153 1.184 1.1768 1.2204
R27 R(12,24) 1.2161 1.184 1.1768 1.2203
R28 R(12,26) 1.2163 1.1851 1.1778 1.2215
R29 R(13,21) 1.2153 1.184 1.1768 1.2203
R30 R(13,23) 1.2168 1.1851 1.1778 1.2215
R31 R(14,20) 1.2163 1.1851 1.1778 1.2215
R32 R(14,22) 1.216 1.184 1.1768 1.2203
R33 R(25,28) 1.2168 11851 1.1778 1.2215
R34 R(27,28) 1.2153 1.184 1.1768 1.2203
R35 R(29,31) 1.2163 11851 1.1778 1.2215
R36 R(30,31) 1.2161 1.184 1.1768 1.2204
Al A(3,1,5) 90.1345 89.9993 89.9982 90.0015
A2 A(3,1,6) 90.1916 89.9993 90.2815 90.395
A3 A(3,1,28) 126.8417 127.2868 127.3021 127.2462
A4 A(5,1,6) 89.6343 89.7411 89.7152 89.6013
A5 A(5,1,28) 124.3916 123.5159 123.5487 123.6584
A6 A(6,1,28) 1245498 124.9308 124.8827 124.823
A7 A(3,2,6) 90.1905 90.2567 90.2821 90.3939
A8 A(3,2,8) 89.635 89.7414  89.7156 89.6037
A9 A(3,2,11) 124.5404 124.9275 124.8724 124.8386
A10 A(6,2,8) 90.1343  90.0006 90.0025 89.9988
All A(6,2,11) 126.8403 127.2883 7.BD79 127.2355
Al2 A(8,2,11) 124.403 123.5165 235492 123.655
Al3 A(1,3,2) 89.8077  89.7412 89.7159 89.5979
Al4 A(1,3,4) 89.8649  90.0007 90.0018 89.9999
Al5 A(1,3,9) 1241251 1235172 235504 123.6531
Al6 A(2,3,4) 90.3604 90.2565 90.2823 90.3889

Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 29 — 38
Study of Octanitrocubane Geh W. E., Ndjaka J. M. and Amar N. S] of NAMP



Al7
A18
Al19

A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A31
A32
A33
A34
A35
A36
A37
A38
A39
A40
A4l
A42
A43
Ad4
A45
A46
A47

A48
A49
A50

A(2,3,9) 125.6655 124.9255 24B703
A@4,3,9) 125.9553 127.2897 27809
A3,45)  90.1341  89.9993 89.9982
A(3,4,8) 89.6348  89.9993 89.7147
A(3,4,10) 124.3987 1235159 5238
AG,4,8)  90.1933  90.2565 90.2815
A(5,4,10) 126.8397 127.2868 .BP33
A8,4,10) 124.5435 124.9308 .B327
A(1,5,4)  89.8648  90.0007 90.0018
A(1,5,7) 90.3616  90.2565 90.2819
A(1,5,12) 125.9455 127.2897 8201
A(4,5,7) 89.8055  89.7412 89.716
A(4,5,12) 124.1205 123.5173 5539
A(7,5,12) 125.6805 124.9254 BBA9
A(1,6,2) 89.8071  89.741 89.7149
A(1,6,7)  90.3609  90.2564 90.2815
A(1,6,31) 125.6781 124.9287 .BZ93
A(2,6,7) 89.8648  89.9994 89.9975
A(2,6,31) 124.1255 123.5166 5294
A(7,6,31) 125.9424 127.2883 .BPB4
A(5,7,6) 89.6348  89.7414 89.7159
AG,7,8)  90.1934  90.2566 90.2816
A(5,7,13) 124.5536 124.9275 .BZ06
A(6,7,8)  90.1338  90.0006 90.0025
A(6,7,13) 124.3878 123.5165 5532
A8,7,13) 126.8406 127.2883 .3DB
A(2,8,4) 90.3615  90.2564 90.2818
A(2,8,7) 89.8655  89.9994 89.9974
A(2,8,14) 125.9595 127.2882 .3P34
A@4,8,7) 89.8047  89.741 89.7153
A(4,8,14) 125.6657 124.9288 8342
A(7,8,14) 124.1214 1235166 235491
A(3,9,16) 116.0589 116.4115 161086
A(3,9,18) 115.8251 114.5683 145726

124.8239
127.258
89.9984

89.6042
123.6439
90.3868
127.2603
124.829
90.0002
90.3908
127.2662
89.6063
123.6447
124.8164
89.6023
90.3923
124.8284
90.0028
123.6506
127.2488
89.6048
90.3901
124.8207
89.9999
123.6678
127.242
90.3924
89.9985
127.2379
89.606
124.8255

123.6656
116.7776
114.578

Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 29 — 38

Study of Octanitrocubane Geh W. E., Ndjaka J. M. and Amar N. S] of NAMP



A51 A(16,9,18) 128.0695 128.9995 8.9264 128.6249
A52 A(4,10,15) 116.8077 116.409 164038 116.7791
A53 A(4,10,17) 115.1066 114.5707 4.5%72 114.5763
A54 A(15,10,17) 128.0848 128.9994 .9285 128.6233
A55 A(2,11,19) 115.1073 114.5695 4.5¥34 114.5765
A56 A(2,11,32) 116.8107 116.4103 6.1D76 116.7681
A57 A(19,11,32) 128.0811 128.9995 .9984 128.6343

A58 A(5,12,24) 116.0513 116.4114 6.809 116.7846
A59 A(5,12,26) 115.8328 114.5682 4.5Y19 114.5729
ABO A(24,12,26) 128.0693 128.9994 .9985 128.6239

A61 A(7,13,21) 116.8097 116.4103 6.1D76 116.7778
A62 A(7,13,23) 115.1068 114.5696 4.5¥36 114.5731
A63 A(21,13,23) 128.0826 128.9994 .9282 128.6272
A64 A(8,14,20) 115.8216 114.5695 4.5¥69 114.5763
AB5 A(8,14,22) 116.0609 116.4103 6.1044 116.7689
A66 A(20,14,22) 128.0705 128.9994 .9982 128.632

A67 A(1,28,25) 115.1064 114.5707 4.5Y79 114.5812
A68 A(1,28,27) 116.8102 116.4089 6.1032 116.7745
AB9 A(25,28,27) 128.0825 128.9993 .9282 128.6221
A70 A(6,31,29) 115.8323 114.5695 4.5¥58 114.5695
A71 A(6,31,30) 116.0512 116.4103 6.1D53 116.7802
A72 A(29,31,30) 128.0696 128.9995 .99283 128.6305

In the above Table, in column 1; i . represents the bond lengths and serial numberdang .
represents the bond angles and serial numbersluma 2, for example R(1,3) represents the bongtlen
between atoms 1 and 3 and A(1,3,5) representsatheé angle between atoms 1,3 and 5. Columns 3,4 and
5 represents the calculated bond lengths and hagidsaat the RHF level of theory using the 6-31G, 6
31++G** and 6-311++G** basis sets respectively. @oh 6 represents the calculated bond lengths and
bond angles at the B3LYP level of theory using@tgl ++G** basis set.

p =Dipole moment

E,;=Total Electronic Energy without zero point corient

E,=Total Electronic Energy with zero point correction

Es=Total Electronic Energy with Thermal energies.

E,=Total Electronic Energy with enthalpies.

P= Polarizability of the Tensor components.

Row 1 represents the values of the dipole momdatieded at the RHF level of theory using the 6-36G
31++G**, 6-311++G** basis sets and at the B3LYPdkwf theory using the 6-31++G** basis set. Rows
2,3,4 columns 2,3,4 represents the energy valleslated at the RHF level of theory using the 6-366
31++G** and 6-311++G** basis sets respectively. Rd®,4 column 5 represents the energy values
calculated at the B3LYP level of theory using th816-+G** basis set.

Below the Polarizability (P), column 1 represetis Polarizability tensor components. Columns 2,3,4
represents the Polarizability calculated at the R#¥E| of theory using the 6-31G, 6-31++G** and 6-
311++G** basis sets respectively. Column 5 repnesthe Polarizability calculated at the B3LYP leok
theory using the 6-31++G** basis set.
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Table 3: Electrostatic Potential Derived Charges on differehatomic positions of Octanitrocubane

Method/basis set RHF/ B3LYP/

S.N 6-31G 6-31++G** 6-311++G** 6-31++G**

1 C 0.238449 0.069785 0.049945 0.052739
2 C 0.232654 0.063023 0.053506 0.037458
3 C -0.127905 0.058693 0.053719 0.067124
4 C 0.232173 0.061558 0.053050 0.049610
5 C -0.136421 0.064579 0.058231 0.044338
6 C -0.138011 0.058103 0.054590 0.046325
7 C 0.243353 0.065079 0.053052 0.052473
8 C -0.131621 0.070094 0.053818 0.052977
9 N 0.824607 0.646757 0.693498 0.533660
10 N 0.779469 0.637004 0.690554 0.541478
11 N 0.777428 0.641679 0.696138 0.542895
12 N 0.821546 0.637276 0.689793 0.544546
13 N 0.774862 0.637819 0.695057 0.544740
14 N 0.823444 0.637320 0.695762 0.539233
15 O -0.417087 -0.347069 -0.368058 -0.294659
16 O -0.425527 -0.350145 -0.368058 -0.293446
17 O -0.434737 -0.354171 -0.377258 -0.297742
18 O -0.429116 -0.357637 -0.378043 -0.296146
19 O -0.433978 -0.356269 -0.377863 -0.297686
20 O -0.428445  -0.354973 -0.377497 -0.297519
21 O -0.416811 -0.347811 -0.371103 -0.295061
22 O -0.424725 -0.348170 -0.371317 -0.292573
23 O -0.433519 -0.354908 -0.377379 -0.299042
24 O -0.424165 -0.347988 -0.368501 -0.294924
25 O -0.433991 -0.357719 -0.378450 -0.298239
26 O -0.427175 -0.354515 -0.377173 -0.298616
27 O -0.417656  -0.351047 -0.369750 -0.294720
28 N 0.777644 0.644569 0.695285 0.541847
29 O -0.428302 -0.356582 -0.377591 -0.300027
30 O -0.425288 -0.348765 -0.371163 -0.295616
31 N 0.825297 0.643127 0.695471 0.547601
32 O -0.416446 -0.348694 -0.371360 -0.293028

In this table (3), column 1 represents the setiahlper of the atoms as shown on the diagram; colimn
represents the symbols for the atoms. Columns Bepysents the charges calculated at the RHF dével
theory using the 6-31G, 6-31++G** and 6-311++G*slsasets respectively. Column 6 represents the
charges calculated at the B3LYP level of theorypgshe 6-31++G** basis set.
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Fig. 1 Molecular Structure of octanitrocubane.

Conclusions

Ab-initio quantum mechanical and density functiocalculations have been performed with differergida
sets for the Octanitrocubane. We have studied thectere, energy, charges dipole moment and
Polarizability Octanitrocubane molecule. We havensinat the charges on the same label atoms hene sa
sign both at RHF and

B3LYP levels for of theories except for the 6-31&sis set. The mulliken populations analysis ob\ious
demonstrates that the C-C bonds are the weakelitating that the cubic cage skeleton is the most
reactive part of the molecule. The high electrahémsity at the centre of the cubic cage attribstase
stabilization to the molecule. The magnitude af thipole moment is higher in the RHF level and the
Polarizability of the tensor components is greatehe B3LYP level.

Acknowledgement

Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 29 — 38
Study of Octanitrocubane Geh W. E., Ndjaka J. M. and Amar N. S] of NAMP



We are thankful to the CSIR (Council of Scifiotand Industrial Research, New Delhi) for prowigli
one of us (A.N. Singh) with Emeritus Professorspipnt at Banaras Hindu University, Varanasai with
funds with which the Gaussian 03W software was Ipased.

We are equally thankful to the Vice Chance#iod the management of Gombe State University, Gombe
for providing us the facilities to achieve this wor

References

[1] Philip E. Eaton, Thomas W. Cole; The Cubaiyst&m, Journal America Chemical Society; 1964;
86(5) PP 962-964.

[2] Wikipedia, the free encyclopedia.htm, 2009.

[3] Mao-Xi Zhang, Philip E. Eaton, Richard Giar“Hepta and Octanitrocubane”; Angewandre Chemie
International Edition 39 (2); 2000; PP 401-404.

[4] htt/www.Reciprocal net.org.

[5] B. D. BeckePhys. Rev. B, Vol. 38(1988), 3098.

[6] C. Lee, W. Yang and R.G. PaRhys. Rev. B, Vol. 37 (1988) 785.

[7]1 S. H. Vosko, L. Wilk and M. Nusai€an. J. Phys., Vol. 58 (1980) 1200.

[8] Gaussian 03, Revision C.02, M. J. Frisch, Gkicks, H.B. Schlegel, G. E. Scuseria, M. A. Rahb,
R. Cheeseman, J. A. Montgomery, Jr., T. Vreven, Kuadin, J.C.Burant, J. M. Millam, S. S.
lyengar, J.Tomasi, V. Barone, B. Mennucci, M.CossiG.Scalmani, N. Rega, G. A. Petersson, H.
Nakatsuji, M. Hada, M. Ehara, K. Toyota, R.Fukudidlasegawa, M.Ishida, T. Nakajima, Y. Honda,
0. Kitao, H. Nakai, M. Klene,
X.Li, J.E. Knox, H. P.Hratchian, J.B. Cross, C. Adg J.Jaramillo, R. Gomperts, R.E. Stratmann, O.
Yazyev, A. J. Austin, R. Cammi, C. Pomelli, J.W.h@arski, P.Y.Ayala, K.Morokuma, G. A. Voth,
P. Salvador, J. J. Dannenberg, V.G. Zakrzewskiaggdch, A. D.Danniels, M. C. Strain, O. Farkas,
D. K. Malick, A. D. Rabuck, K. Raghavachari, J. Biresman, J. V. Ortiz, Q. Cui, A. G. Baboul, S.
Clifford, J.Cioslowski, B. B. Stefanov, G. Liu, Aiashenko, P.Piskorz, I. Komaromi, R. L. Martin,
D. J. Fox, T. Keith, M.A. Al-Laham, C. Y. Peng, Nanayakkara, Challacombe, P. M. W. Gill, B.
Johnson, W. Chen, M. W. Wong, C.Gonzalez, and JPéple, Gaussian, Inc., Wallingford CT,
(2004).

[9] M. P. Andersson and P. Uvdal*; New Scale Fescfor Harmonic vibrational Frequencies using the
B3LYP Density Functional Method with tripleBasis set 6- 311++G**J Phys. Chem. A, Vol.
109(12) PP 2937-2941, 2005.

[10] James B. Foresman, Eleen Frisch; Exploringraibtry with Electronic Structure Methods; 1996;
Second Edition.

Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 29 — 38
Study of Octanitrocubane Geh W. E., Ndjaka J. M. and Amar N. S] of NAMP



Journal of the Nigerian Association of Mathematical Physics Volume 16 (May, 2010) 29 — 38
Study of Octanitrocubane Geh W. E., Ndjaka J. M. and Amar N. S] of NAMP



