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Abstract: In order to understand the structure-property imtahip, SPR, an energy-
partitioning quest for the origin of the barrier ttee internal rotation of two iso-structural
molecules, hydrogen peroxide,,®, and fluorine peroxide, ;B, is performed. The
hydrogen peroxide is an important bio-oxidative poomd generated in the body cells to
fight infections and is an essential ingredienbof immune system. The fluorine peroxide
is its analogue. We have tried to discern the autsons and energetic effects that entail the
nonplanar skew conformation as the equilibrium shap the molecules. The physical
process of the dynamics of internal rotation imésathe isomerization reaction and generates
infinite number of conformations. The decomposeergyn components faithfully display the
physical process of skewing and eclipsing as atiomaf torsional angles and hence are
good descriptors of the process of isomerizati@etien of hydrogen peroxide §¢8,) and
dioxygen difluoride (FO,) associated with the dynamics of internal rotatibns observed
that the one-center, two-center bonded and nonlobimeraction terms are sharply divided
in two groups. One group of interactions hindews skewing and favours planar cis/trans
forms while the other group favours skewing andgyeethe gauche conformation of the
molecule. The principal energetic effect forcing tmolecules into the nonplanar gauche
form is the variation “O-O’ bond energy with tomsian both the molecules. It is
demonstrated that the barrier is not a regionaceffather it is made by the conjoint action
of all one- and two-center bonding and nonbondinggractions comprising the entire
framework of the molecule. The present study claionseveal one amazing feature of non-
bonded interactions. Computed results of nonbondmgractions demonstrate that the
nature of interaction between two formally posiljveharged non-bonding H atoms*(H--
H®) is not always repulsive and it is attractive asllwthe nature of the non-bonding
interaction between formally negatively chargedra{@©O’) and formally positively charged
(‘H’) atom, (O"----H%"), is not always attractive but repulsive tooisitalso demonstrated
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that the nature of the nonbonding interaction betwstrongly electronegative atoms,*(-F
--F%), is not always repulsive and it may be attractisavell.

Keywords. Origin of Barrier, Energy partitioning, QSPR—-QSARSsdriptors, Hydrogen
peroxide therapy.

1. Introduction

Hydrogen peroxide has been used as an antiseptiarmi-bacterial agent for many years. Recent
researchers are amazed with many benefits of hgdrpgroxide and a new therapy called ‘hydrogen
peroxide therapy’ has evolved with time. It is algmined that hydrogen peroxide, produced within
individual body cell, is essential for life to figimfection. Bio-oxidative therapies are small amisuof
diluted ozone and or hydrogen peroxide for the @méon and treatment of disease. Adherents
consider it as one of the greatest healing mirauiedl time. It is even considered as a poterdrai-
cancer drug in alternative medical system [1-4is Wvidely accepted that the property and strucémee
intimately related. There is no unique single dffeghich determines equilibrium structure of a
molecule. However, quantum chemical descriptore Bymmetry type and energies of the frontier
orbitals €nomo, ELum), €nergy gap between frontier orbitals, globadhass, global softness, chemical
potential and electronegativity are invoked to teelatructure and property of molecules. Although
there is no unique correlation of structure andpprbes, the structure and property are webbed
together. Present day science has gone to the nhadevel to understand the mechanism of drug
action, bacterial activity, mechanism of body's @tefe and immune systems. Scientists are now in
search of molecular descriptors as mathematicalegathat describe the shape and activity and
properties of molecules. This efforts generates RARd QSAR modules which are integral to the
rationale of drug design cycle. The QSPR and QSadtme that the bio-physico-chemical activity is
correlated with the chemical structure. Howevempredict the structure and property relationsHifs i
essential that the electronic structure of a mdéeand the forces operating there are properly
explored. Although there are efforts to correldite properties and reactivity of a molecule in teohs
its equilibrium shape, a molecule hardly exist&snstatic equilibrium structure. The physical ss
of the dynamics of internal rotation initiates tkemerization reaction and generates infinite nunolbe
conformations. Some energy barrier to internaltimtaseparates the isomers. The quest for origin of
the barrier to the internal rotation of moleculesin ever enticing and intriguing problem of théoed
chemistry. Although the present day quantum cheynéstn measure the barrier height very accurately,
the origin and the development of the barrier éiteeduding [5,6,7]. The conformations have créic
effect on bioactivity and reactivity on the stereloemical outcome of many reactions. Thus, an
understanding of the relative energies and the amesim of the evolution of conformational
populations will enable more reasonable predicticosicerning reactivity, stereochemistry, and
product distribution in reaction [8]. Thus infornmat as to the origin of barrier to internal rotatio
within a molecule is of interest to theoreticalpesmental and biological chemists. It appears fthen
survey of literature on the origin of barrier tdemal rotation of molecules that majority of warke
believe that it is a regional effect and barriggioates from some mystic reason. The physicalgssc
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of generation of Cis==—= Trans and Staggeres—= Eclipsed conformers is in fact a rotational
isomerization process and can be viewed as reguitm reorganization and redistribution of elentro
density among the atoms in a molecule, so thatatad number of electrons is conserved even though
there may be an intramolecular charge transfergsd9,10]. Thus the physical process of the
dynamics of internal rotation initiates the isormation reaction, which generates infinite number of
conformations between the extreme conformationedtabove. We [11] have demonstrated, by a
density partitioning analysis, that no new forcappearing during the physical process of evolutibn
molecular conformations rather the forces respdmsior molecular binding and antibinding are
deciding the conformational behaviour. The efficadyPople’s [12,13] approximate SCF theory to
compute the conformational isomers is well demastt [14,15]. It was also demonstrated that, in the
context of study of molecular conformations of lpgkn peroxide, that Pople’s approximate method,
compared tab initio methods, was more reliable in computing the conédional isomers [16-19].
However, in the present day scenario of computatichemistry, the sophisticated methods can be
easily invoked to calculate the barrier heightsy\aacurately. But, perhaps, Pople’s approximate SCF
method is the only method that provides with a scopdecomposition of the total energy into one-
and two-center components and such componentsecamther decomposed into meaningful physical
components. Although, more recently, there are @laions of partitioning the total SCF energy into
one- and two center components in ab initio meth@8%, but such fuzzy atom dissection of total
energy appears to calculate the total one- andcember interaction energies only and decomposition
of such energy terms into meaningful physical congmbs are, probably, yet to be furnished [20]. We
have recently demonstrated that the Pople’s eneagiitioning scheme can be invoked in the
significant elucidation of the origin of the barri® the physical process of inversion [21,22] and
intramolecular rotation [23,24], and such an effera meaningful venture. In the present ventue, w
shall invoke the energy partitioning scheme of Baopl the elucidation of the origin of barrier to
internal rotation of hydrogen peroxide 4Bp) and its analogue fluorine peroxide,@). It is well
known to the chemists that both hydrogen peroxidefaiorine peroxide have two barriers —cis barrier
and trans barrier, and the equilibrium conformai@me non-planar skew conformation instead of
expected trans form. The fact that the equilibrig@ometries of the molecules are not the trans form
rather a non-planar skew form, is itself an intinguphenomenon and a clear departure from a normal
behaviour of the phenomenon of structural isomeris chemistry. But why the preferred
conformations of the molecules are the non-plaaacie forms and not the usual trans forms and also
the origin of barrier are required to be completlycidated. It seems that there is yet no thezaketi
correlation of the preferred conformations and ohigin of barrier of the instant molecules. In the
above premise, we propose to make a detailed sitidye elucidation of the origin of barrier and
justifying the preferred conformations of the hyglea peroxide and fluorine peroxide molecules in
terms of the energy partitioning analysis in thesgnt investigation.
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2. Method of Computation
2.1 Coordinate System

The Z-axis is made coincident with the ‘O—-O’ borfdboth the molecules and we start with the
eclipsed (cis) form of the molecule and then kegpine ‘O-H’ / ‘O—F bond fixed we rotate the other
‘O-H’ / ‘'O—F bond through certain dihedral angtedenerate a new conformation and the process of
torsion is continued up to 180° till the trans aoniation is generated. We follow the geometry
optimization technique, GOT, and the geometric mpetaers of all the generated conformations are
optimized invoking Pople’s [12] approximate selfascstent field method. Standard parameters [13]
and STO basis set are used. The coulomb and ovierlegrals are evaluated through the explicit
formulae laid down by Roothaan [25]. The total gyeithe gross atomic charges are computed for
each conformation at its optimized geometry. Thergypartitioning program is then invoked to
decompose the total energy of each conformatioardowy to the following scheme.

2.2 Necessary Algorithm

The energy-partitioning algorithm due to Pople [FBscher and Kollmar [26]
The total energy of a system is

E=2Er+Z2Em

A , A<B (1)

where B are monatomic terms andg=are diatomic terms. Fischer and Kollmar [2@composed
further the monatomic termsyEand the diatomic termsak into physically meaningful components as
follows:

The physical components of the one-center terms are

Ea = E'a + Eat Ea (2)

where E5, E and B4 are total monatomic orbital energy, electron- et repulsion energy, and
non -classical exchange energy respectively.
The physical components of the two-center terms are

Eas = E'ag+ E ap+ Eap+ Eap + E'as (3)

The superscripts characterize the physical natfiteoenergy terms. The monatomic ternt& E
E’ and B4 and the diatomic terms ks , E'as ,Eas , Eas, E'as can be conveniently classified as
one electronic energies and electronic interaatioergies as follows: The explicit expressions aie |
down below:

The explicit formulae of one— center terms are:

E'A=Z P Uy

1 OA (4)

where E,is the total one-electron energy, B are elements of bond order matrix ang I$ the one—
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electron energy gf th atomic orbital, AO, in the isolated atom.
E'a =% (R Yaa) (5)

where R=% By,

o OA (6)

and yaa is electron-electron repulsion between the twatede of the same atom A.’Eis the
repulsion of electrons on atom A.

The non-classical exchange enerdy 5

EA = -1/4ymn Z 2 P2y

7
HOA, vUOA 0

whereyaa is the electron-electron repulsion between tweotedes on atom A and,Pare elements of
charge density and bond order matrix.

The physical meaning and explicit formulae of tve-tenter terms are as follows:
The two-center resonance terntag

ERAB =22 Puv Buv SJV

HOA,vIB ®)

where Gy is the overlap of the STOjs and v 3,y is a parameter which is dependent on the types of
orbitalp and v . The R S are the components of overlap population.
The Eag mathematically and physically signifies the cdmition of the resonance integrals to the
energy of the A—B bond and is the principal featfreovalent bond.

The two-center potential attractions:

EVas = —Pa .Vag — B Vea 9)

where Vjg is the potential of an electron on atom A in tieédf of nucleus B and pA is the potential of
an electron on atom B in the field of nucleus A.

We use the definition
HOA

where B, are elements of density matrix already stated @bov

The two-center coulomb repulsion termgis
E'as= Pa Ps Yas (10)

Yag is the electronic repulsion between an electroatom A and an electron on atom B;
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The two-center exchange interaction terff,gHs

Efas=-1/12ya 2 = PPy

11
HEA , veB (11)

The Nuclear Repulsion Energieshg
ENag = ZaZs / Rag (12)

where Z and % are the nuclear charges of atoms A and B respégtisad R is the distance
between two nuclei and“gs is thus representing the nuclear-nuclear repulsigergy of the nuclei A
and B.

We further note that the sum the three termg£E s + E'ag is the net electrostatic effect. We
may further note that'z and E'xg are the corresponding one-center and two-centerstéor the
electronic exchange interactions. The terfagEdefines the total non-classical exchange eneigingr
out of quantum mechanical exchange effect betwksatrens of A and B.

3. Results and Discussion
3.1 Hydrogen Peroxide, H,O;

Hydrogen peroxide, ¥D,, is one of the chemical systems whose conformaltisomerism are
most widely studied. The molecule is iso-electromith ammonia borane and ethane but structurally
different from the formers. Experimentally [27,28le molecule has a non-planar gauche [29]
conformation about midway between the less stahlegp trans and cis isomers. The molecule has two
barrier heights to internal rotation via either tie or the trans conformations. The height ofidagier
is quite unusually high [7,30]. The physical praced conformational isomerism of the hydrogen
peroxide molecule occurs by either clock wise dr elockwise rotation of one part of the molecule
with respect to the other part around the ‘O-O’dohhe optimized geometric parameters of all the
generated conformations are presented in Table th thie corresponding dihedral angles. The
computed total energy, the gross atomic chargeprasented in the Table 2. The calculated the one-
and two-center bonding and nonbonding interactioergies and their physical components of each
conformation and are presented as a function sfaoal angle in Tables 3 - 7. The computed data are
plotted in diagrams extensively for a better un@deding of the position exhibited by the relevant
numerical values of the physical quantities.

The total energy is plotted, as a function of diakdngles, in Figure 2 and this is in fact the
potential energy diagram of the hydrogen peroxidéesule. Table 2 and Figure 2 demonstrate that the
preferred conformation of hydrogen peroxide isribaplanar gauche or skew form; the dihedral angle
i.e. angle between planes contained by H-O-O an@®-®&- parts ,of the minimum energy
conformation is 88% the length of the ‘O—O’ bond is shorter than éxperimental bond length. We
have depicted the equilibrium geometry of the maedn Figure 1. While the Figure 1 is compared
with experimental equilibrium conformation depicted Douglas [3] et al, it is evident that, except
‘O-0’ bond length, the Figure 1 is the nice repneaton of the equilibrium conformation of hydrogen
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peroxide molecule. From Table 2 and Figure 2 dls® evident that the hydrogen peroxide has three
extreme conformations—cis, trans, and gauche qmneting to the dihedral angles of, @80 and
88.% having the stability order — gauchetrans > cis. Figure 2 distinctly demonstrates that the
minimum energy conformation of the molecule is nplanar gauche form and the trans form is closer
than the cis form to the gauche form. This revd@s the molecule has two barrier heights —cisiérar
and trans barrier; and since the trans form iseclés the gauche form, the trans barrier should be
smaller than the cis barrier. The evaluated traarsidy is 2.23 kcal/mole and the cis barrier is35.1
kcal/mole. The corresponding experimental [1,2]ueal are 1.1 and 7.0 kcal/mole. Veillard [17]
pointed out that the beab initio calculation on hydrogen peroxide is the calcutatid Kaldor and
Shavit [7] and the corresponding barrier heightsl@ated by this calculation are 2.2 and 11.8
kcal/mole. One more important aspect to note inctivenection of torsional dynamics of the molecule
is the charge density reorganization as a funatiosihedral angle. As torsion starts from the exdigh

cis form, the charge density on O atom starts @sang and that on H atom starts increasing and the
trend continues till the conformation is nearing #quilibrium gauche form is reached and thereafter
the trend of the noted charge density reorganigaaées a turn and it is reversed and ultimatedy th
charge density on O atoms is maximum and that @torhs is minimum at the trans form. This two
opposite trend of charge density reorganizatiotheratoms of hydrogen peroxide molecule within the
range of the two extreme conformations seems te laring on the choice of energy minimum
conformation.

1.036A4
1.22R

H 108.3°

0<08.3°
H

88.3°

Figure 1. The optimized equilibrium geometry obEh.
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Table 1.The optimized structural parameters efdzas a function of dihedral angles.

Angle of
tors?on o | OO O-H OHOO
(degrees) (AY) (AY) (degree)
0(cis) 1.22 1.034 108.9
20 1.22 1.036 108.8
40 1.22 1.037 108.5
60 1.22 1.038 108.3
80 1.22 1.039 108.3
88.3 1.22 1.036 108.3
100 1.22 1.038 106.5
120 1.22 1.038 106.2
140 1.22 1.039 105.9
160 1.22 1.039 105.7
180(trans) 1.22 1.034 108.3

-38.452

-38.454 4

-38.456 -

0 (cis)

-38.458 4

-38.46 - 180 (trans)

The total enery (a.u

-38.462 -

-38.464 -

-38.466 - 80 88.3

-38.468

Torsional angles in degrees

Figure 2. Plot of total energy of hydrogen peroxide mole@dea function ¢
torsional angles
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Table 2. The total energy (a .u), gross atomic charge bigiion of HO, as a function of torsional

angles.
Torsional Total g (O) g (H)
angles @) in | Energy
degrees
0 (cis) -38.45722 | 6.1209 0.8791
20 -38.45833 | 6.1192 0.8808
40 -38.46114 | 6.1161 0.8839
60 -38.46388 | 6.1135 0.8865
80 -38.46528 | 6.1129 0.8870
88.3 -38.46540 | 6.1136 0.8864
100 -38.46489 | 6.1156 0.8844
120 -38.46375 | 6.1202 0.8798
140 -38.46226 | 6.1260 0.8739
160 -38.46116 | 6.1307 0.8693
180 (trans) | -38.46078| 6.1326 0.8674

The quest for the barrier to internal rotationemis of the decomposed energy components and the
rationale of the skew form as the equilibrium confation of the hydrogen peroxide molecule:

We have noted that the hydrogen peroxide molecak three extreme conformations— gauche
(equilibrium), cis and trans; energetically thengdorm is closer than cis form to the equilibrium
gauche form and accordingly the trans barrier iallenthan the cis barrier. In order to understtred
physics of the intramolecular interactions, theeypf interactions and there are to be identiffed.
examination of the structure of the molecule revdtla¢ following interactions in the molecule:

(i) Two one-center interactions — one on O atomsthaather on H atoms,
(i) Two bonding interactions— ‘O—0O’ bond and ‘O-bbnd,
(iif) Two nonbonding interactions—H------ H and ‘H--O’,

The two-center bonding interactions:

The ‘O---O’ and '‘O---H’ bonding interactions and thghysical components as a function of
torsional angles are presented in Tables 3 andp&ctsgely. The total energy of the ‘O---O’ bond are
plotted as a function of torsional angles in Fig8r&he total energy of the ‘O—H’ bond is plottedaas
function of torsional angle in Figure 4. We alsaenbere a surprising result that the two bonded
interactions have opposite effect on the matterctodice of the preferred conformation. Table 3
demonstrates that the ‘O—O’ bond energy is minimatnthe gauche conformation and maximum at
the cis conformation. Figure. 3 beautifully depitiat, as torsion starts, the energy of ‘O—O’ bond
sharply declines and reaches the minima at thehgacenformation and then it turns and peaks up to
reach the next maxima at the trans conformationlo&er look into the Table 3 reveals that the most
crucial components of binding and anti binding, Bfgs and Eag terms, work in concert while the
electrostatic effects mutually cancel each otheallatonformations. From Table 3, we find that the
difference of ‘O—O’ bond energy between gauchetaaus forms is -0.03034 a.u, that between gauche
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and cis forms is -0.03135a.u. It appears that ltrige difference of energy of the ‘O----O’ bond of
trans and gauche conformations decides the equilbrgeometry not in favour of the trans
conformation rather in favour of nonplanar skewfoomation. The trans conformation is usually the
energy-preferred isomer of such compound undentimmal circumstances. Thus the rationale of the
nonplanar skew conformation as the equilibrium oomftion of hydrogen peroxide molecule most
probably lies in the variation of the ‘O---O’ boedergy as a function of internal rotation aroune--O

O’ bond. Or in other words, the factors which decitie nonplanar skew form as the equilibrium
geometry of hydrogen peroxide molecule, the ‘O—@ndbed interaction seems to play the major role
and forces the molecule to be nonplanar. SincéQkeO’ bonded interaction accelerates the process
of skewing, this interaction tends to decreaseetiergy of the gauche conformation and hence tends t
increase the gap in energy between the extremewoations, which ultimately goes to increase the
heights of the barriers. From Table 4 we see justajposite effect created by the ‘O---H’ bonded
interaction on the conformational preference of llydrogen peroxide molecule. The ‘O---H’ bond
energy is maximum at the gauche form and minimunthat eclipsed (cis) form and hence this
energetic effect hinders the physical process efvakg. Figure. 4 beautifully depicts that if tonsio
starts either from cis or from trans isomer, the--B’ bond energy sharply peaks up with increasing
torsion and reaches maxima at the gauche form. Ta%---H’ bonded interaction as a function of
torsional angles thus does not decide equilibriwangetry either in favour of trans or in favour of
gauche conformations. But since the difference betwcis and gauche, and that between trans and
gauche are —0.00556 a.u, -0. 00167 a.u respectitredyeffect ‘O—H’ bonded interaction is over
compensated by the ‘O—O’ bonded interaction toleseélte geometry in favour of nonplanar skew
form. Since the ‘O---H’ bonded interaction hindskewing, it goes to increase the energy of the skew
form compared to those of trans and cis isomershande the effect tends to decrease the energy gap
between the extreme conformations and hence tesutsake the barrier heights.

-1.115 4

-1.125 1 I I
1135 o=

0 (cis) 180 (tran
20 160
-1.145 4
40 140
-1.155 +
120
60
100
80 gg3

2
~

The energy of 'O-O' bond ( a.u)

-1.165 -

-1.175

The Torsional angles in degrees
Figure 3. Plot of 'O-O' bond energy as a function of torsiarale ir
Hydrogen Peroxide
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Table 3. The (O—O) bonding interactions and its decomposedponents (a.u) in Hydrogen
Peroxide with torsion.

Angle of | E’ EN EY EX ER Erotal
torsion @)

in degrees

0 (cis) 15.91141 | 15.61476 -31.19410 -0.21828 -12048 -1.13441
20 15.90245 | 15.61476] -31.18532 -0.21855 -1.25157 .138P3
40 15.88630 | 15.61476] -31.16948 -0.21924  -1.26023 .147B9
60 15.87288 | 15.61476| -31.15631 -0.21990 -1.26957 .15814
80 15.86996 | 15.61476| -31.15344 -0.22024  -1.275[8 .16474
88.3 15.87327 | 15.61476 -31.15669 -0.22024 -1.27686..16576
100 15.88354 | 15.61476| -31.16677 -0.21971 -1.273421.16160
120 15.90754 | 15.61476| -31.19031 -0.21921 -1.26903.15625
140 15.93793 | 15.61476| -31.22009 -0.21848 -1.260671.14655
160 15.96217 | 15.61476| -31.24382 -0.21801  -1.2540141.13904
180 (trans) 15.97208 | 15.61476| -31.25352 -0.21778 -1.25096 &U23

-0.721

-0.722 4

-0.723 4

-0.724 +

-0.725 4

The 'O-H' bond energy (a.u)

-0.726 +

-0.727 4

-0.728

0 (cis)

60

80 88.3

100

120

180 (trans)

The torsional angles in degrees

Figure 4. Plot of total 'O-H' bond energy of Hydrogen Petexas i
function of torsional angles.
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Table 4. The (O—H) bonding interactions and its decomposedponents (a. u) in Hydrogen
Peroxide with torsion.

Angle of | E’ EN EY EX ER Erotal
torsion @)

in degrees

0 (cis) 2.55283 3.07061 -5.40644  -0.22832  -0.716230.72755
20 2.55349 3.06467 -5.40288 -0.22806 -0.713%56  6BF2
40 2.55942 3.06173 -5.40647  -0.2279F  -0.71113 4722
60 2.56401 3.05878 -5.40878 -0.22786 -0.70914 2992
80 2.56358 3.05582 -5.40627  -0.22768  -0.70749 ZADF2
88.3 2.56201 3.05582 -5.40478  -0.22764  -0.70740 724@9
100 2.55891 3.05875 -5.40388 -0.22790 -0.70774 2186
120 2.54750 3.05878 -5.39300 -0.22758  -0.70774 2109
140 2.53478 3.06173 -5.38296 -0.22718  -0.70865 2228
160 2.52316 3.06170 -5.37190 -0.22664  -0.70879 2247
180 (trans) 2.52022 3.06468 -5.37121] -0.22660 -0.70970 -0.72266

0.019

0.014 4

0.009 4

0.004 +

-0.001 -

The "H--H' interaction energy (a.u

0 180 (trans)

-0.006

The torsional angles in degrees

Figure5. Plot of 'H---H' nonbonding interaction energy dsiaction
of torsional angles in Hydrogen Peroxide.
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Table5. The ‘H....H ‘ non-bonding interaction (a.u) in HydexgPeroxide with torsion.
Angle of | E’ EN EY EX ER Erotal
torsion @)

in degrees

0 (cis) 0.21388 0.27849 -0.4866Q0  -0.00177 0.01156 .01856

20 0.21276 0.27586 -0.48312 -0.00149  0.0103B 09143
40 0.20631 0.26526 -0.46682  -0.00088  0.00718 09110
60 0.19600 0.25015 -0.44219 -0.00028  0.00349 0.0071
80 0.18398 0.23424 -0.41482  -0.00000  0.0004P 02038
88.3 0.17893 0.22806 -0.40372  -0.00001  -0.00058 0208
100 0.17470 0.22362 -0.39506 -0.00016 -0.00185 1280
120 0.16414 0.21221 -0.37313  -0.0006f  -0.00325 078
140 0.15635 0.20482 -0.35780 -0.00146  -0.004Y3 0OZBP
160 0.15102 0.19994 -0.34746  -0.00212  -0.00454 0316
180 (trans) 0.14937 0.19861 -0.34441| -0.00239 -0.00469 -0.00351

0.01

0.008 4

0.006 4

0.004 4

0.002 4

-0.002

-0.004

-0.006 -

Energy of 'O---H' nonbonded interaction (a.u

-0.008

-0.01

Figure 6. Plot 'O---H' nonbonding interaction as a functidriorsiona

The torsional angles in dgrees

angles in Hydrogen Peroxide.
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Table 6. The ‘O----H ‘ non-bonding interaction (a.u) in Hgdren Peroxide with torsion.

Angle of| E’ EN EY EX ER Erotal
torsion @)

in degrees

0 (cis) 1.54113 1.72512 -3.26385  -0.00145  -0.004870.00392
20 1.54614 1.72791 -3.27145  -0.00174 -0.00364 780
40 1.55299 1.73040 -3.28050 -0.00243 -0.00018 @280
60 1.55812 1.73183 -3.28684  -0.00311  0.00401 0@DOA
80 1.55926 1.73217 -3.28828 -0.00345  0.00746b 0807
88.3 1.55831 1.73217 -3.28737  -0.00345 0.00843 8090
100 1.57236 1.75172 -3.3205Q0  -0.00317 0.00848 0838
120 1.56830 1.75513 -3.32005  -0.0025p  0.00824 7360
140 1.56692 1.76390 -3.32759  -0.00148  0.00632 46.00
160 1.56174 1.76622 -3.32499  -0.0006p  0.00446 20100
180 (trans) 1.56145 1.76930 -3.32783| -0.00026  -0.00350 -0.000

Table 7. The Partitioned components of one-center energia¥ ¢n O and H atoms in Hydrogen

Peroxide with torsion.

Angle of | EY EN EX Erotal
torsion @) in
degrees
O(is) O -30.88718| 15.48207 | -2.11602 | -17.52113
H -0.56148 | 0.28978 | -0.14489 | -0.41659
20 O -30.87981| 15.47336 | -2.11456 | -17.52101
H -0.56258 | 0.29091 |-0.14546 | -0.41713
40 O -30.86588 | 15.45764 | -2.11157 | -17.51981
H -0.56456 | 0.29297 |-0.14649 | -0.41808
60 O -30.85435| 15.44459| -2.10884 | -17.51860
H -0.56621 | 0.29469 |-0.14734 | -0.41886
80 O -30.85220| 15.44175| -2.10780 | -17.51825
H -0.56657 | 0.29506 |-0.14753 | -0.41904
88.3 O |-30.85527|15.44496| -2.10811 | -17.51902
H -0.56616 | 0.29464 |-0.14732 | -0.41884
100 O |-30.86622| 15.45495| -2.10980 | -17.52107
H -0.56490 | 0.29332 |-0.14666 | -0.41824
120 O |-30.88852|15.47830|-2.11348 | -17.52370
H -0.56195 | 0.29027 |-0.14514 | -0.41682
140 O |-30.91689| 15.50788| -2.11851 | -17.52752
H -0.55822 | 0.28643 | -0.14321 | -0.4150

=
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(Table 7 continued)

160 O |-30.93918| 15.53148| -2.12257 | -17.53027
H -0.55524 | 0.28338 | -0.14169 | -0.41355
180 O |-30.94835| 15.54111| -2.12428 | -17.53152

trans H |-0.55403 | 0.28214 |-0.14107 | -0.41296

The two-center nonbonding interactions:

The two-center nonbonding interactions and theisp® components of ‘H---H’ and ‘O---H’ atom
pairs are presented in Tables-5 and 6 respectitredynonbonding interactions are plotted as a fancti
of torsional angles in Figures 5 and 6 respectivédlylook at the Tables reveals that the two
nonbonding interactions have opposite effect on pghecess of conformational isomerism and in
deciding the preferred conformation of hydrogerogiete molecule. Let us discuss the interactions one
by one.

The ‘H---H’ nonbonding interaction:

-17.51 -0.409

1 -041

17515 | + -0.411

+ -0.412

60 80

-+ -0.413
-17.52 +

profile of O center + -0.414

+ -0.415

atom in a.u

-17.525 +
+ -0.416

140 + -0.417
profile of H center e

The one center energy term on 'O’

-17.53 +

The one center energy term on 'H"
atom in a.u

+ -0.418

180

60 88.3 + -0.419

0

-17.535 - - -0.42
The torsional angles in degrees

Figure7. Plot of the one-center energy terms on 'O’ ahdtihins o
hydrogen peroxide as a function of torsional asgle

Table 5 demonstrates that the nature of the ‘H-nbhbonding interaction in hydrogen peroxide
molecule is both attractive and repulsive. The ‘H--nonboded interaction is repulsive at cis and
gauche conformations but attractive at the trangozmation. Thus the trans conformation is the
preferred conformation by the action of this nontiag interaction. Computed results show that if
torsion is started from cis conformation, the ‘HF--nonboded interaction starts decreasing
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monotonically to reach the minima at the trans fdirs also distinct from the nature of energyfpeo

in Figure 5 that the ‘H---H’ nonbonded interactidaclines monotonically with progressive torsion if
started from the cis isomer and reaches at thenmairgt the trans isomer. From the computed data of
nonboded ‘H----H’ interaction of hydrogen peroxideolecule we see that the ‘H---H’ nonboded
interaction is not always repulsive although thesgratomic charges on the atoms are positive (Table
2). The nature of variation of the ‘H---H’ nonbondiimteraction with dihedral angles is internally
consistent in terms of its physical componentsethe analysis of computed data and the nature of
the energy profile, we may conclude that ‘H---Hnbh@nding interaction hinders skewing. If torsion is
started from the cis form, the skewing is favousstl accelerated and the ‘H---H’ nonbonding
interaction tends to increase the height of thebeaisier as because the effect tends to decrease th
energy of the gauche form compared to that of tefarm. However, if torsion is started from the
trans form, skewing will be hindered and this ‘H¥-nonbonding interaction will tend to increase the
energy of the gauche form and decrease the enéthg trans form and hence the difference in energy
of the gauche form and the trans form, the tramsdrais increased.

The ‘O---H’ nonbonding interaction:

From Table 6 it is evident that the total nonbondDg--H’ interaction is attractive at cis and tgean
conformations but repulsive at the equilibrium daiconformation. It is also apparent that cis isemo
preferred than the trans by this nonbonding intevac However, Figure.6 reveals an interesting
feature of the ‘O---H’ nonbonding interaction. Alsettorsion starts from the cis conformation, the
nonboded interaction sharply peaks up and reachesmma around the gauche conformation and
thereafter it sharply declines to reach the minaha nonplanar conformation at the torsional angle
around 100 and thereafter the profile takes a turn and pegkand reaches the next maxima at the
trans conformation. It transpires from the naturthe profile of ‘O---H’ that there is a deep wedlthe
energy profile diagram and the well resides arotimel dihedral of 100 measured from the cis
conformation. Although this ‘O--- H’ nonbonding araction is repulsive at the gauche or minimum
energy conformation of the molecule at the dihedrajle of 88.3 Figure 6 demonstrates that the
potential well of ‘O---H’ nonboded interaction ogsuat conformations very near the equilibrium form.
This result is a clear indication that ‘O---H nomisling interaction strongly favours skew
conformation of the hydrogen peroxide molecule carag to the trans or cis forms. Thus this result is
suggestive that, in addition to the effect of the-:-O’ bonding interaction, the ‘O—H’ nonbonding
interaction also has a role in deciding the equilim shape of the hydrogen peroxide molecule. Since
the ‘O—H’ nonboded interaction is repulsive at gaiche conformation, it is apparent that the torsio
from either the cis or the trans conformation isdered and hence the ‘O—H’ nonboded interaction
tends to increase the energy of the gauche fornpaaed to the cis or trans form and hence tends to
decreases both cis and trans barrier. We may pmihtone revealing feature of the nonboded
interaction that, although the computed chargeildigion suggests that the gross atomic charge on O
atom is always negative and that on H atom is pesistill the interaction between such atom pair i
not always attractive as may be qualitatively ssggge Thus the possibility of electrostatic model of
calculating preferred conformations of moleculesampletely ruled out.
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The one-center components:

The computed one-center energies and their phystcaponents as a function of torsional angles
are presented in Table 7 are drawn in Figure 7. Frables- 7 and Figure 7 we note a very revealing
feature of the two one-center energetic effectthémolecule. The one-center energy of ‘O’ atoms is
lowest at the trans form and highest at the gafimime; as torsion starts from the eclipsed form, the
profile of the energy of the ‘O’ center begins terease and the process continues monotonically to
assume the energy peak at a conformation clogeetgduche form; thereafter the profile takes a turn
and decreases sharply and steadily to assume thienamn value at the trans form. Thus the one-
center energetic effect on ‘O’ atoms of hydrogenogigle tends to hinder the physical process of
skewing and favours the trans form most. Since@heenter energetic effect tends to increase the
energy of the equilibrium gauche form and decré¢lasesnergy of both cis and trans forms, and since
both the cis and trans forms lie above the gauoh® in energy level diagram, this one-center ‘O’
atom effect tends to decrease the height of bathaed trans barriers. But the one- center energetic
effects on ‘H’ atoms have just opposite effect ibatxhibited by that on ‘O’ atom centers. Tablend a
Figure 7 demonstrate that the ‘H’ centers have mimn energy at gauche form and maximum energy
at the trans form. Computed data demonstrate thabraion begins from the cis form, the energy
profile of ‘H’ centers starts decreasing monotoltycand reaches the minima at the gauche form and
thereafter it takes a turn and increase steaditgdoh the maxima at the trans form. Thus the etierge
effect on ‘H’ centers accelerates the process efvelkg and since this effect tends to decrease the
energy of the gauche form compared to that of mtkteans form, it increases the height of the barri
It is also dissentingly demonstrated by the conguésults that, since the pattern of variationhaf t
two one-center energy profiles as a function dditoral angles bear a mirror image relationshipaithe
other, the two one—center energetic effects indyein peroxide molecule has opposite effect to @ecid
the preferred conformation and the barrier heighthe molecule. The energetic effect on ‘O’ atom
centers favours trans form while that on ‘H’ cestéavours the process of skewing and the gauche
form as the equilibrium conformation of the hydrogeeroxide molecule.

We have seen above that the energy decomposiiithifutly displays the physical process of skewing
and eclipsing as a function of torsional angle deshce is a good descriptor of the process of
isomerization reaction of hydrogen peroxide assediavith the dynamics of internal rotation.

We have just discussed above the effects of onegeand two-center bonded and nonboded
interactions in terms of the decomposed one— ano-twenter energy components upon the
conformational isomerism of hydrogen peroxide molec From the results of analysis it can be
concluded that the one-center effect on ‘H atomg-tenter ‘O---O’ bonded interaction and two-
center ‘O—H’ nonboded interactions conjointly anchgltaneously decide the equilibrium geometry
of the hydrogen peroxide molecule in favour of skemgauche form compared to the trans form.
However, two-center ‘O---O’ bonded interaction Hias major role to play in deciding the equilibrium
conformation of the molecule. The one-center, twateebonded and nonboded interactions occur in
pairs but the components of each pair act in oppaliection in deciding the preferred conformation
and the barrier heights of the molecule.
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3.2 Fluorine Peroxide, F,0,

Fluorine peroxide or dioxygen difluoride is alsdkel hydrogen peroxide, a non-planar [31]
molecule with a dihedral angle of 87.8nd hence should have two barriers—cis barrier tearts
barrier. The fluorine peroxide molecule is well kmowo be a very difficult problem [32-39] for
standardab initio method. While barriers have not been experimgnia#tasured, they are expected to
be higher than those of hydrogen peroxide. We haken up the present study of this system with a
view to explore whether the partitioned energy comgmts can monitor the physical process of
conformational isomerism generated by the dynarmaiasternal rotation around the ‘O--O’ bond of
the molecule. We also propose to discern the idtieras and energetic effects that entail the nargla
skew conformation as the equilibrium shape of thalegule. The geometric parameters of each
generated conformation are optimized and totalggner computed and then the total energy of each
conformation is decomposed according to the algaritiscussed above. The evaluated quantities are
presented in tables. The theoretical quantitieplatted in diagrams whenever it is felt necessaryaf
better visualization of the physical situation. Téhescription of various tables are and figures as
follows:

Table 8: the optimized geometric parameters and ¢oergy as a function of torsional angles; The
potential energy diagram of the molecule is theiFed.

-92.756

-92.758 4

-92.76 -

-92.762 -

-92.764 -

-92.766 -

Potential energy (a.u.)

-92.768 -

-92.77 A

-92.772

-92.774

Reaction coordinates

Figure 8. Plot of potential energy as a function of torsibangles i
fluorine peroxide.
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Table 8. The optimized Structural parameters and the totgy of QF, as a function of torsional

angles

Angle of 0-0O O-F FOO Total energy

torsion , (A (A (degree) (a.u)

degrees)

0(cis) 1.22 1.18 109.0 -92.7585
20 1.22 1.18 108.6 -92.76151
40 1.22 1.18 108.5 -92.76641
60 1.22 1.18 108.4 -92.76817
80 1.22 1.18 108.4 -92.77078
86.5 1.22 1.18 108.3 -92.77179
100 1.22 1.18 108.2 -92.7709
120 1.22 1.18 108.0 -92.76791
140 1.22 1.18 107.8 -92.76459
160 1.22 1.18 107.7 -92.76326
180(trans) 1.22 1.18 106.9 -92.7629]

The two-center ‘O-0’ and ‘O—F’ bonded interacti@msl their physical components as a function

of torsional angles are presented in Tables 9 arah@lGare drawn in figures 9 and 10 respectively.

0-0 bond energy (a.u.)

86.5

180

Reaction coordinates

Figure 9. Plot of 'O-O' bond energy (a.u)as a functionoo$ibna
angles in fluorine peroxide.
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Table 9. The two-center ‘O—0O’ bonding interaction and th@iysical components (a.u) ik

molecule.
Angle of
torsion = BN EY =) ER E (O-0)
(degrees)
0 14.99701| 15.61476-30.28450| -0.2106Q -1.21983 -1.10316
20 14.98779] 15.61476-30.27520| -0.21096 -1.22312 -1.10670
40 14.96508| 15.61476-30.25225| -0.21256 -1.23603 -1.12099
60 14.94054| 15.61476-30.22744| -0.21414 -1.24950 -1.13577
80 1492515 15.61476-30.21186| -0.21497 -1.25789 -1.14480
86.5 1492252 15.61476-30.20920| -0.21503 -1.25876 -1.14571
100 14.92265 15.61476-30.20933| -0.2148Q -1.258090 -1.14480
120 14.93427 15.61476-30.22109| -0.21367 -1.2506p -1.13638
140 1495472 15.61476-30.24178| -0.21201 -1.2383D0 -1.12260
160 14.97323 15.61476-30.26048| -0.2105Q -1.2265p -1.10954
180 14.97831 15.61476-30.26562| -0.2100Q -1.221211 -1.10376

-1.15

-1.152 -

-1.154

-1.156 -

-1.158 -

The 'O-F' boned interaction (a.u)

-1.16 A

-1.162

180

Reaction coordinates

Figure 10. Plot of 'O-F' bonding interaction(a.u) in fluoriperoxide a

a function of torsional angles.
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molecule.

Angles of

torsion E’ = EY E¢ ER E(O-F)

(degrees)
0 18.47503 18.83479 -36.97840| -0.21876 -0.2693R -1.15667
20 18.47439 18.83472| -36.97814| -0.21892 -1.27168 -1.15959
40 18.47219 18.83478| -36.97603| -0.21843 -1.2681p -1.15561
60 18.46986 18.83484| -36.97414| -0.2180Q -1.2652p -1.15270
80 18.46846 18.83484| -36.97293| -0.2178Q -1.26406 -1.15148
86.5 18.46793 18.83479| -36.97261| -0.21781 -1.26636 -1.15407
100 18.46778 18.83469| -36.97215| -0.21785 -1.2655D -1. 15303
120 18.46913 18.83471| -36.97341| -0.21807 -1.26547 -1.15311
140 18.47110 18.83480| -36.97494| -0.21835 -1.2663{1 -1.15370
160 18.47285 18.83476| -36.97693| -0.21862 -1.27150 -1.15943
180 18.47343 18.83475| -36.97723| -0.21863 -1.2700R -1.15770

0.004

0.003 +

'F...F' non-bonded interaction

-0.001 +

-0.002

0.002 +

0.001

—e—Vi(F...F)
——Y2(0...F)

0.02

1 0.018
1 0.016
1 0.014
1 0.012
180 | g.01
1 0.008
1 0.006

1 0.004

+ 0.002

Reaction coordinates

Figure 11. Plot of 'F...F" and 'O...F' non-bonding interactemergies (a.
as a function of torsional angles in fluorine peédex

'0...F' non-bonded interaction
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Table 10. The two-center ‘O—F’ bonding interaction and thgiysical components (a.u) ik

The two-center ‘O---F and ‘F---F’ nonboded inteiiacs and their physical components as a
function of torsional angles are presented in Tableand 12 and are drawn in figure 11 respectively.
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Table 11. The two-center ‘O----F’ nonbonding interaction a@hdir physical components (a.u) in
O2F, molecule.

Angle = E" EY E¥ B | E©O-—F)
(degree)
0 11.35484] 11.37403 -22.72726 -0.00268 0.01163 0681
20 11.38287] 11.40249 -22.78372 -0.00286 0.01238 110®
40 11.38838 11.40963 -22.79651 -0.00339 0.01%16 132D
60 11.39405 11.41684 -22.80954 -0.00394 0.01850 1592
80 11.39314] 11.41684 -22.80874 -0.00428 0.02102 1798
86.5 11.40049 11.42401 -22.82326 -0.00431 0.02146.01838
100 11.40744 11.43117 -22.83765 -0.00424 0.02156 01805
120 11.42248 11.44566 -22.86675 -0.00382 0.01978 017385
140 11.43807 11.46022 -22.89671 -0.00317 0.01640 01481
160 11.44670 11.46750 -22.91246 -0.00259 0.01810 01224
180 11.50568 11.5265% -23.03028 -0.00231 0.011538.011a8
Energy on O atom Energy on F atom
17.44 27214
E-total (O) ——
1 -27.216
R E-total (F)  ® 1 27218

-17.45

-17.455 +

-17.46 +

-17.465

T+ -27.22

T -27.222

+ -27.224

-+ -27.226

T -27.228

Reaction Coordiates

-27.23

Figure 12. Plot of the onesenter energies (a.u) on 'O' and 'F' atom censeasfanction o

torsional angles in fluorine peroxide
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Table 12. The two-center ‘F---F’ nonbonding interaction anditlphysical components (a.u) iRk

The two one-center energy and their physical coraptenon ‘O’ and ‘F’ atoms as a function of

torsional angles are presented in Tables 13 andspectively.

molecule.
Angle of
torsion E’ =N EY E¢ ER E (F----F)
(degree)
0 13.25494 13.04062| -26.29378 | -0.00160 0.00172  0.00190
20 13.1150Q 12.89617| -26.0095 -0.00122 0.00316  0.00360
40 12.49931 12.27473| -24.77267 | -0.00078§ 0.00212  0.00272
60 11.69137 11.46525| -23.15543 | -0.00034 0.00089 0.00177
80 10.86469 10.64529 -21.50883 | -0.00008 -0.00007 0.00100
86.5 10.62738 10.41123] -21.03749 | -0.00006 -0.00027 0.00080
100 10.16482 9.95815| -20.12190| -0.00010 -0.000%6 0.00041
120 90.60835| 9.41914 -19.02654 -0.000836 -0.00073 00605
140 0.21064| 9.03963 -18.24946 -0.00077 -0.00075 0067.3
160 8.97035| 8.81296 -17.78260 -0.00115 -0.00074 0010.9
180 8.92889| 8.77469 -17.70291 -0.001831 -0.00076 0010

Table 13. The One-center energy and its physical compor{ari$ of ‘O’ atom in O, molecule .

Angle
of Y J
. E E E E-total (O)
torsion
(degree)

0 -30.01181| 14.59213 -2.04136 -17.46105
20 -30.00353| 14.58349 -2.03991 -17.45995
40 -29.98211| 14.56124 -2.03611 -17.45698
60 -29.95901| 14.53732 -2.03213 -17.45381
80 -29.94439| 14.52249 -2.02975 -17.45165

86.5 -29.94209| 14.52006 -2.02942 -17.45146
100 -29.94190| 14.5200F -2.02972 -17.45155
120 -29.95228| 1453138 -2.03221 -17.45312
140 -29.97086| 14.55118 -2.03622 -17.45590
160 -29.98796| 14.56911 -2.03984 -17.45869
180 -29.99364| 1457418 -2.04118 -17.46069




Int. J. Mol. Sci. 2006, 7

312

Table 14. The One-center energy and its physical componani} ¢f ‘F’ atom in FO, molecule

Angle of
torsion EY E =) E-total (F)

(degree)
0 -47.65292| 23.5232B-3.09099 | -27.220672
20 -47.66415| 23.53484-3.09200| -27.22132
40 -47.69464| 23.56556-3.09450| -27.22358
60 -47.72680] 23.59800-3.09710| -27.22589
80 -47.74717| 23.61854-3.09869 | -27.22732
86.5 -47.74923 23.62065-3.09883 | -27.22741
100 -47.74965 23.62107-3.09884 | -27.22741
120 -47.73466) 23.60600-3.09760 | -27.22627
140 -47.70818 23.57941-3.09546 | -27.22424
160 -47.68243 23.55371-3.09333 | -27.22205
180 -47.67638 23.54765-3.09296 | -27.22168

From Table 8 it is evident that the minimum energyikbrium conformation of the molecule is not
the trans isomer but a nonplanar skew conformatidmetween the cis and trans conformers with the

dihedral angle of 86°%etween the FOO and OOF planes. But it eviderttttigatrans isomer is more

preferred than the cis isomer. The computed equilibgeometry is very near to the experimental [31]
geometry with regard to the dihedral angle betwibenFOO and OOF planes. Like its precursor, the

molecule has two barriers- cis barrier and tramgdyaand the cis barrier should be larger thanttéwes

barrier. The computed values of the cis barrier taguas barrier are 8.34kcal/mole and 5.57 kcal/mole
respectively. It is to be noted the barrier magiet of O, are considerably larger than the

corresponding barriers of,B,. Figure 8 distinctly portrays the stability conalits of the three extreme

conformational isomers of the molecule. The minimisnat the gauche form, the first and second
maxima are at the trans and the cis conformati@spectively; the preference of trans isomer

compared to the cis is also straightforward indizgram.

Energy partitioning analysis and the quest foratigin of the torsional barrier:

The total number of bonding and nonbonding intévast of fluorine peroxide molecule can be

identified as follows:

(i) Two ‘O-0’ and ‘O-F’ bonding interactions bonds;

(i) Two ‘O----F and ‘F--

F’ nonbonding interaains;

(iif) Two different one-center interactions —one‘@ atoms and the second on ‘F’ atoms.
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Two-center bonding interactions:

The two-center ‘O-0O’ bonding interaction:

From analysis of the computed results in Table @edtomes transparent that as the torsion starts
from the cis form, the ‘O-O’ bonded interaction imsgto decrease and reaches its minimum at the
gauche conformation and thereafter it turns withticmed torsion and reaches the second maxima at
the trans form. Thus it is evident that the ‘O—Onhbed interaction accelerates the process of skewing
and tends to select the nonplanar gauche formeagdhilibrium conformation of the molecule. It is
also evident from the numerical results that taadrform is preferred than the cis form by the ‘O-O
bonded interaction. The stability conditions of tenerated conformations due to the dynamics of
internal rotation are more transparent in Figur@rgalysis of computed data in Table 9 shows that the
variations of the energy of the ‘O---O’ bond isemally consistent in terms of the variation of its
physical components with internal rotation. Th® &d E terms principally determines the bond
energy variation with torsion.

A comparative analysis of the profile of the ‘O—Bdnding interaction (Figure 9) vis-a-vis the
potential energy diagram (Figure 8) reveals that @O’ bonding interaction dances with the tune of
the dynamics of internal rotation as depicted kg tibtal energy of the fluorine peroxide molecule.
Since the profile of ‘O-O’ bonded interaction mimithe potential energy diagram, this energy
component can be a descriptor of the physical poad the conformational isomerism of the
molecule.

The difference of the ‘O—O’ bonded interaction betw cis and gauche is -0.04255 a.u and that
between gauche and trans is —0. 04195 a.u; hemoayitbe concluded that this large gap in energy
difference between the pairs of extreme confornfi@ises the molecule to be nonplanar. Or in other
words, it can be said that it is apparent thatptfiecipal factor responsible for the non-planadfythe
equilibrium conformation of the fluorine peroxideotecule is the change in ‘O-O’ bonded interaction
with torsion. More over, since this bonding inteiaac tends to stabilize the gauche form compared to
cis or trans forms, it, eventually, increases thigltts of the rotation barriers of the molecule.

The two-center ‘O—F bonding interaction:

From analysis of the computed results in Table 19titansparent that as the torsion starts from the
cis form, the ‘O—F bonded interaction begins tearegase and reaches its maximum at the gauche
conformation and thereafter it turns with contingesion and reaches the second minima at the trans
form. Thus the effect of ‘O-F bonded interactiontashinder the physical process of skewing. It is
also evident from Table 10 that the effect of theFObonded interaction tends to stabilize the trans
isomer more compared to the cis isomer and appargnmakes the gauche conformation most
unstable. Comparing the numerical values in Tablased10 it is at once evident that ‘O—-F and ‘O-
O’ bonding interactions act in opposition to selia preferred conformation of the molecule. A elos
look at the nature of the profile of ‘O—F’ bondiirgeraction as a function of torsional angle inUfey
10 reveals that the effect of the ‘O—F bondingemaction is anomalous in the matter of selectirgg th
preferred conformation of the molecule. The nature¢he profile of the ‘O—-F bonding interaction
shows that torsion, started either from the cifr@m the trans isomer of the molecule, symmetnycall
favours skewing at the initial stage; but afteharsinterval of torsion, the skewing is highly ased
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by this effect. Thus the gauche form is not thegarefl conformation of ‘O—F bonded interaction in
F, O.molecule. More over, since ‘O—F bonded interactiends to increase the energy of the gauche
form, compared to that of trans and cis formsgiidss to reduce the heights of the torsional baroér

F, O.molecule. It is also revealed from the comparisbthe Figure 10 with Figure 8 that the ‘O—F’
bond energy curve has no resemblance whatsoevirthat potential energy diagram. It, therefore,
transpires that the ‘O—F’ bond energy does not éavith the tune of the conformational isomerism of
the fluorine peroxide molecule.

The two-center nonbonding interactions:

0) ‘0----F
@iy ‘F----F
(i): ‘O------- F’ ; the two center ‘oxygen----fluonie’ nonbonding interaction

From Table 11, we see that the nature of the ‘Ondnbonding interaction is repulsive in all
conformations and the trans isomer is energeti¢allgured than the cis isomer while the gauche form
is least favoured by this interaction. It is torimded that, since from Table 8 it is evident thaDOF
angle is changing with the internal rotation arouhd ‘O---O’ bond, the distance of separation
between a pair of the nonbonded ‘O’ and ‘F’ atom&at constant of internal rotation. It is apparent
from the geometric parameters from Table 8 andfatso an analysis of the nuclear-nuclear repulsion
energy component, Hrom Table 11 that the distance between these tmbanded atoms is shortest
at the trans form and longest in the cis form. Takeire and magnitude of the interaction betweerethes
two-nonbonded atoms are justified in terms of thgsgal components. The profile of the nonbonded
‘O----F interaction as a function of torsional daagn Figure 11 nicely displays the behaviour; aes t
torsion starts from either the cis or the transnepbthe ‘O---F’ nonbonding interaction starts irasiag
like a monotone increasing function and reachepetk at the gauche conformation and then it turns
and starts decreasing monotonically until the transis form is reached. An analysis of the data in
Table 11 and the energy profile in Figure 11 showet the ‘O---F' non-boded interaction hinders
skewing and prefers the cis form compared to testform while the gauche form is least favoured.
Since the nonbonding ‘O---F’ interaction tendsrorease the energy of the gauche form compared to
that of cis and trans form, it goes to decreasehttights of the torsional barriers of the fluorine
peroxide molecule. However, a comparison of theneadf the curves in Figures. 8 and 11 reveals that
the profile of ‘O---F’ is the mirror image of thefntial energy curve. Hence it is transparent tihat
nonbonded ‘O---F’ interaction behaves symmetricallith the physical process of conformation
isomerism due to the internal rotation around tBe-O’ bond in fluorine peroxide molecule and the
nonbonding ‘O---F’ interaction component alone banused as a descriptor of the physical process of
internal rotation in the molecule.

(ii): ‘F-----F" ;. The two-center fluorine ---fluone nonbonding interaction

From Table 12 we discover a very amazing featuth@®ihonbonding interaction that the nature of
the interaction between two strongly electronegatitoms is not always repulsive. From Table 12 it is
evident that the nature of ‘F---F interaction itractive in the trans isomer and repulsive in akiger
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two extreme conformers—cis and gauche and the isanter is the most favoured of all conformations
by this energetic effect in the molecule. The abhoeted nature of variation of the ‘F----F’ nonbonglin
interaction as a function of torsion is straightfard from the Figurell which nicely displays the
nature of variation of the ‘F---F’ interaction witthe evolution of molecular conformations. It is
distinct from the curve that if torsion is starttdm the cis isomer, the ‘F---F’ interaction energy
increases in the next short interval; however,rdfte process of torsion is past an angle df fite
interaction energy decreases steadily till the mibsaninimum is reached at the trans conformatibn o
the molecule. The curve further reveals that thelgadorm is more favoured than the cis form by this
‘F---F’ nonbonding interaction. The comparative stud the profiles in Figurel2 and 8 reveals that
this ‘F---F’ nonbonding interaction energy componetoes not follow the physical process of
conformational isomerism due to the dynamics aérimal rotation in fluorine peroxide molecule.

A differential contribution to the magnitudes ofetlbarrier heights by the ‘F---F’' nonbonding
interaction is imminent from the study of the natwariation of this interaction as a function of
torsional angle. Since this ‘F---F’ nhonbonding natetion effect tends to stabilize the trans fornreno
than the gauche form, it goes to decrease the nuagnof the trans barrier. On the other hand, since
the effect goes to stabilize the gauche form morapared to the cis form, it tends to increase the c
barrier. The nature of the interaction between twongly electronegative fluorine atoms is attragtiv
in the trans form of fluorine peroxide molecule -faat itself is intriguing and requires to be fully
elucidated. The physical components of energy mag@gponsible for binding and anti binding effect
between atoms are the exchang®) @d resonance {Eterms. From Table 12 it is evident that the
sum the coulomb repulsion {Eand the nuclear-nuclear repulsior'Y&s just offset by the electron-
nuclear attraction term {f and the binding or anti binding effect is decidsdthe resultant effect of
the exchange (B and resonance {Eterms in almost all conformations. A closer laikthe Table 12
reveals that the exchange ternf, iE negative in all conformations while the resareaterm, E is
positive in conformations nearing the cis isomeribdeclines in conformations approaching thedran
conformation where it is minimum. Therefore the matof variation of the nonbonding ‘F---F
interaction is internally consistent and is justifiin terms of the physical components of the erigrg
effect.

One-center interactions:

From an analysis of numerical results in Table 18 44 it is evident that the one-center
interactions on ‘O’ atoms and ‘F’ atoms have juppasite effect in the matter of selection of the
preferred conformation and contribution to the tearheights of the molecule. From Table 13 we see
that as the torsion starts from the cis isomerptieecenter energy on ‘O’ atoms begins to increask
reaches maxima at the gauche isomer and therdatiédees a turn and starts decreasing and reaches a
second minima at the trans form. It is also evidbat the preferred conformation of the one center
energetic effect on ‘O’ atoms is the cis isomert BBom Table 14 we see that as the torsion staots fr
the cis form, the one—center energy on ‘F atontstdecreasing and reaches minima at the gauche
form, then it turns and starts increasing and reat¢he second maxima at the trans form. It is ewide
that the preferred conformation of the one-centeergetic effect on ‘F atoms is the gauche
conformation. The noted differential nature of vaoia of the one-center energetic effects on ‘O’ and
‘F’ atoms are transparent from their profiles igiie12. The nature of the profiles reveals thatwloe
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one-center energetic effects are internally coestsand symmetric about gauche conformation and
one curve is the mirror image of the other. A corapae analysis of the potential energy diagram
(Figure 8) and Figure 12 reveals at once that thél@ of ‘F’ center mimics the potential energyree
while the profile of ‘O’ center is its mirror imag&hus it is evident that one-center energetic &fet
F,O, dance with the tune of the dynamics of internalation and express the glimpses of
conformational behaviour that correlates nicelyhviite potential energy diagram. It may be concluded
that the one-center energetic effects may be uséukeadescriptor of the structural isomerism geedra
by the internal rotation around ‘O—-O’ bond in tieofine peroxide molecule. We have noted above
that the one-center effect on ‘O’ atoms tends talér the torsion and increase the energy of gauche
form compared to the cis or trans form and hencdsé¢o reduce the barrier height. On the other hand
the one-center effect on ‘F’ atoms tends to deereargy of the gauche form compared to that of cis
or trans form and hence goes to reduce the baight.

4. Conclusion

The notion of an inherent chemical reactivity of al&cule implies that its reactivity is
predetermined by its structure. The single molece#etivity concepts developed by Fukui [40] and
Pearson [41] have been successful in rationalimmagy chemical reactions and intrinsic chemical
reactivity of a molecule on the basis of its owecalonic structure. Fukui [40] relied upon the
symmetry species of and electron density distrdsutin frontier orbitals, the HOMO and LUMO.
Pearson [41] put forward his HSAB principle and mciated empirical rules of reaction between
molecules on the basis of their intrinsic hard saiture. The hardness, initially a qualitative cqugce
has now been put on sound quantum mechanical basisthe concept is further sublimated by
enunciation of maximum hardness principle. Hardngss/ides with a better picture due to the
maximum hardness principle and can be used as a&RQ8&del for predicting biological activity of
any compound [42]. But structures are no static. idtation dynamics has to be fully explored in
order to understand the chemical reactivity in trefato structures of molecules. We have just
discussed above the energy partitioning analysihefphysical process of conformational isomerism
of the hydrogen per oxide,,B, and fluorine peroxide,J©,molecules. The hydrogen per oxide(d
is well known for its biological activity and use imedicine. The molecules are iso-structural ane hav
identical conformational behaviour under the dyr@mof internal rotation around ‘O-O’ bond.
Results reveal that the decomposed energy comporiaithfully display the physical process of
skewing and eclipsing as a function of torsionajles during the process of isomerization reaction o
both the molecules. We have tried to explore how dhe-center and the two-center bonding and
nonbonding interactions in the molecule evolve vtk dynamics of internal rotation and how the
energetic effects determine the barrier heightsdauide the matter of preferred conformation of the
molecule. The interaction terms are sharply dividetvo groups. One group of interactions hinders
the skewing and favours planar cis/trans forms evtiie other group favours skewing and prefers the
gauche conformation of the molecule. However, B# €nergetic effects are found to be good
descriptors of the process of isomerization reactd hydrogen peroxide and fluorine peroxide
molecules associated with the dynamics of interotation. The principal energetic effect forcing the
molecules into the gauche form is the variation @bond energy with torsion in both the molecules.
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It is demonstrated that the barrier is not a regfi@ffect rather it is made by the conjoint actairall
one- and two-center bonded and nonbonded intersctommprising the entire framework of the
molecule. We have discovered one amazing featunemfbonding interactions. We have seen that the
nature of interaction between two formally positveharged non-bonded H atoms is not always
repulsive and it is attractive as well. The presaitulation further reveals that the nature ofriba-
bonding interaction between formally negatively rfeal atom (&) and formally positively charged
(H® ) atom is not always attractive but repulsive ttiois also discovered that the nature of the
nonbonding interaction between strongly electrotiegatoms (i.e. £----F° ) is not always repulsive
and it may be attractive as well. This noted natfreon-bonding interactions between®H-- H*",
‘O%--—- H*", and ‘F----F* is quite justified in terms of the decomposed §ibgl components of the
interaction energies. It is also evident that theibr does not originate from a particular regodrihe
molecule rather the origin and development of bairivolves the entire skeleton of the molecule.
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