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ABSTRACT

Computational study of electronic structure of somfieazoxybenzene-based liquid crystals belongingetmatic
class: p-azoxyanisole, p-azoxyphenetole, ethylepadrenzoate, ethyl-p-azoxycinnamate and n-octyl-p-
azoxycinnamate have been studied. In order to pbtadre information on the reactivity of above males
towards nucleophile and electrophile, we perfornsethiempirical (AM1, PM3 and PM5) and density fuori
theory (DFT) based calculation to evaluate the niegaand positive charge distribution in all theses. p-
Azoxyanisole is treated as reference compound (R@).study shows that replacement of -Q@kbup of RC by -
OGC,Hs group increase the Qx, while successive addition of —-CH=CH-COghg;, —CH=CH-COOGHs and -
COOGHs groups decreases they&), respectively. In all the compounds it is the carlatom at site 12, C12,
which has @Qax, except in ethyl-p-azoxybenzoate, whegg,Qds at C9. In respect to g, it is the azoxy oxygen,
024, which has gy and the only differences in the trend is due ® fibsitions of ethyl-p-azoxybenzoate and n-
octyl-p-azoxycinnamate, which are interchanged. Jtiuely also shows that DFT based calculations pi®detter
result than the semiempirical based calculations.

Keywords. Azoxy-based liquid crystals, Partial atomic charg&gstin model 1parametric model 3, parametric
model 5 and density functional theory.

INTRODUCTION

Liquid crystal (LC) materials are unique in theioperties and usésAs research into this field continues and as
new applications are developed, liquid crystald plihy an important role in modern technology. lidtarystal
physics, although a field in itself, is often ingkd in the larger area called ‘soft matter’, inghgd polymers,
colloids, and surfactant solutions, all of whicle &ighly deformable materials. This property letmsany unique
and exciting phenomena not seen in ordinary coretbnshases, and possibilities of novel technological
applications. The characteristic feature of macromolecules isvkm to be flexibility which depends on the
chemical structure of units and governs the phygicaperties of polymers. It follows that liquid ystalline
behaviour of polymers; in particular the polymerishwnesogenic side groups would depend on cherstcatture

of monomers, and including the nature of the polyzadle group™> We are interested in the matter as we dealt
with the computational study of electronic struetwf some of azoxybenzene-based liquid crystalsnigihg to
nematic classp-azoxyanisole p-azoxyphenetole, ethyl-azoxybenzoate, ethyl-azoxycinnamate and-octyl-p-
azoxycinnamaté The chemistry of azoxy-based liquid crystals iareleterized by azoxy-group. This group has two
nitrogen atom and an oxygen atom. One of them isblyobonded with a lone pair of electrons, while tither is
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also doubly bonded but bears a positive chargehi;mwork, we describe the electronic structureshef above
liquid crystals and their reactivity with respestpartial atomic charges.

MATERIALSAND METHODS

The study material of this work is five azoxyberedrased liquid crystals of the nematic LC classe DD
structures of these compounds as drawMBy_ ISIS Draw 2.5oftware are presented as below.
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Compound-4. ethyl-p-azoxycinnamate
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Compound-5. n-octyl-p-azoxycinnamate

In order to obtain more information on the reatyivof above molecules towards nucleophile and eptile, we
performed semiempirical and density functional tge(DFT) based calculation to evaluate the negativel
positive charge distribution in all the cases.

In principle, any semiempirical method can be usedalculate above properties. A number of semieogi
methods have been developed over the last sevecaldds. To name but some of the most popular: datien
Hiickel theory (EHTY, complete neglect of differential overlap (CND®)intermediate neglect of differential
overlap (INDO)* modified INDO (MINDO) modified neglect of diatomic overlap (MND&)Austin model 1
(AM1),"3 parametric model 3 (PMX)and parametric model 5 (PM5)These methods have been developed within
the mathematical framework of the molecular orhitelory (self-consistent field molecular orbitalEMO]), but
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based on simplications and approximations introdunt the computational procedure, which draméticaduce
the computational time.

DFT is based on two famous theorems of Hohenbedgkdron!® According to DFT the electron density is the
fundamental properties of molecular and electrayistem, however electron density alone could néineehe
entire chemical phenomenon. Its sensitivity to cdtital perturbation and response to the changesxiernal
condition are rather more important in reflectihg themical reactivity of a system rather thanatheolute value of
electron density.

The 3D modeling and geometry optimization of aé tompounds have been performed with the hel@AThe
Pro software of FujitsuAll the semiempirical calculations performed withe help of MOPAC 2002 V2.20
softwaré’ associated with CAChe. And the DFT-based cal@napierformed withthe DGauss also associated with
CAChe!’

RESULTSAND DISCUSSION

According to classical chemical theory, all cherhiogeractions are by nature either electrostaimdr) or orbital
(covalent). Electrical charges in the molecule @eiously the driving force of electrostatic intetians. Indeed, it
has been proven that local electron densities argas are important in many chemical reactions famngico-
chemical properties of compounds. Atomic partihrges have been used as static chemical reacindtyes®
The calculateds- and n-electron densities on a particular atom also ctiarze the possible orientation of the
chemical interactions and, thus, are often consitléo be directional reactivity indices. In orderdbtain more
information on the reactivity of above compoundsaods nucleophile and electrophile, we performedlARMS3,
PM5 and DFT-based calculations to evaluate thetivegand positive charge distribution in all theses.

3.1. p-Azoxyanisole: p-Azoxyanisole (PAA) is an organic compound. Isoéid state, it appears as a white powder,
but when heated it forms a liquid crystal. As ofi¢he first known and most readily prepared ligaigistals, PAA
has been played an important role in the developmigiiquid crystal display4? A molecule of PAA is composed
of thirty three atoms, out of which there are feert carbon, fourteen hydrogen, three oxygen andnitrogen
atoms. In order to predict the nucleophilic anccetphilic sites of attack, the most positive ardjative charged
sites must be knowft. The charge distributions (Q) of each atom of tesnpound were calculated by using the
AM1,*®* PM3!* PM5"® and DFT-baséd methods and the results are reported in Graphel tha arbitrary
numbering scheme used in the above analysis isrshiowigure-1, which represents a perspective vidévthe
molecule.

Figure 1. Per spective view of Compound-1, p-azoxyanisole

AM1 is a semiempirical method for the quantum clatan of molecular electronic structure in compiataal
chemistry. It is based on the Neglect of DifferahDiatomic Overlap integral approximation. Spemxfly, it is a
generalization of the modified neglect of diffeiahtdiatomic overlap approximation. AM1 was deveddp
by Michael Dewar and co-workers and published i858 AM1 is an attempt to improve the MNDO model by
reducing the repulsion of atoms at close separatistances. The atomic core-atomic core terms énMINDO
equations were modified through the addition ofagfhter attractive and repulsive Gaussian functidhg results
of AM1 calculations are sometimes used as theisgagoints for parameterizations of force fieldsniolecular
modelling. AM1 data show that, there are seventaesitive charge atoms {mazoxyanisoleincluding two carbon
atoms (C6 and C12), one nitrogen (N2) and all thetéen H-atom. It is also shown by the Graph-LsTthere are
three positive charge sites for nucleophilic attéldke decreasing order of reactivity of these disesucleophilic
attack is N2 (0.392) > C12 (0.111) > C6 (0.084)e hhost positive position ip-azoxyanisolés the azoxy nitrogen,
N2 (Quax = 0.392) and the lowest positive position is carbtom C6 (Q = 0.084). It is also shown by the Grap
that there are sixteen negative charge sites éatrelphilic attack.
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Graph 1. Graphical representation of magnitude of partial atomic charges of p-azoxyanisole

The decreasing order of reactivity of these siteselectrophilic attack is 024 (-0.447) > C11 (4b2> O17 (-
0.209) > N1 (-0.206) > C5 (-0.206) > 022 (-0.203F%3 (-0.170) > C7 (-0.161) > C4 (-0.093) > C9(8m) > C27
(-0.079) > C26 (-0.077) > C8 (-0.069) > C3 (-0.059F14 (-0.046) > C10 (-0.043). The most negatigsiton in

p-azoxyanisolés the azoxy oxygen, 024 (fa = -0.447) and the lowest negative position is caratom C10 (Q =
-0.043).
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PM3 is a semi-empirical method for the quantum caléothatof molecular electronic structure in computasb
chemistry. It is based on the Neglect of Differehfdiatomic Overlap integral approximatiGhThe PM3 method
uses the same formalism and equations as the AMHoeheThe only differences are: (1) PM3 uses twoiSS&n
functions for the core repulsion function, insteddhe variable number used by AMIwhich uses between one
and four Gaussians per element); (2) the numeviiales of the parameters are different. The otifegrdnces lie
in the philosophy and methodology used during themeterization: whereas AM1 takes some of thenpeter
values from spectroscopical measurements, PM3sttkain as optimizable values. The method was dpedlby J.
J. P. Stewart and first published in 198®M3 data show that, there are twenty one positharge atomin p-
azoxyanisolg including four carbon atoms (C6, C10, C12, C126Gnd C27), one nitrogen (N2) and all the
fourteen H-atom. It is also shown by the GraphHug] there are seven positive charge sites foeopbilic attack.
The decreasing order of reactivity of these sitesficleophilic attack is N2 (1.072) > C12 (0.141¢-6 (0.081) >
C26 (0.051) > C27 (0.049) > C10 = C14 (0.017). muest positive position ip-azoxyanisolés the azoxy nitrogen,
N2 (Quax = 1.072) and the lowest positive position is carbtom C6 = C14 (Q = 0.017). It is also shown ky th
Graph-1 that there are twelve negative charge fiteglectrophilic attack. The decreasing ordereadctivity of
these sites for electrophilic attack is 024 (-0)63MN1 (-0.467) > C9 (-0.350) > C11 (-0.207) > Q10.189) > 022
(-0.181) > C5 (-0.173) > C13 (-0.166) > C7 (-0.138¢4 (-0.070) > C8 (-0.058) > C3 (-0.011). The hmeyative
position inp-azoxyanisolés the azoxy oxygen, 024 (f = -0.630) and the lowest negative position is caratom
C3 (Q = (-0.011).

PMS5 represents an improvement of the widely use® Ridthod:> PM5 data show that, there are seventeen positive
charge atoms ip-azoxyanisoleincluding two carbon atoms (C6 and C12), oneogiin (N2) and all the fourteen
H-atom. It is also shown by the Graph-1. Thus, éteme three positive charge sites for nucleophiliack? The
decreasing order of reactivity of these sites facl@ophilic attack is N2 (0.540) > C12 (0.178) > (06145). The
most positive position ip-azoxyanisolés the azoxy nitrogen, N2 ¢fax = 0.540) and the lowest positive position is
carbon atom C-6(Q = 0.145). It is also shown by @raph-1 that there are sixteen negative charges $dr
electrophilic attack. The decreasing order of rigagtof these sites for electrophilic attack is49@0.510) > 017 (-
0.313) > 022 (-0.302) > N1 (-0.297) > C11 (-0.280F5 (-0.256) > C13 (-0.227) > C7 (-0.205) > C9.182) >
C27 (-0.125) > C26 (-0.117) > C4 (-0.088) > C8(7T) > C3 (-0.043) > C14 (-0.035) > C10 (-0.03MeTmost
negative position irp-azoxyanisolds the azoxy oxygen, 024 (@ = -0.510) and the lowest negative position is
carbon atom C3 (Q = (-0.030).

DFT is a quantum mechanical modeling method useguhysics and chemistry to investigate the electrstriucture
(principally the ground state) of many body-systemsparticular atoms, molecules, and the condempseses®
With this theory, the properties of a many-electsyatem can be determined by using functionalsfurections of
another function, which in this case is the spigtidépendent electron density. DFT is among thetmpopular and
versatile methods available in condensed-mattesiphycomputational physics, and computational ésteyn DFT
data show that, there are nineteen positive chataas inp-azoxyanisoleincluding four carbon atoms (C3, C6, C9
and C12), one nitrogen (N2) and all the fourteeatbmn. It is also shown by the Graph-1. Thus, treee five
positive charge sites for nucleophilic attack. Heereasing order of reactivity of these sites facl@ophilic attack
is C12 (0.375) > C6 (0.369) > C9 (0.275) > C3 (0)23 N2 (0.184). The most positive positionpazoxyanisolés
the carbon atom, C12 (fx = 0.392) and the lowest positive position is N2£@.184). It is also shown by the
Graph-1 that there are fourteen negative chargs #ir electrophilic attack. The decreasing ordereactivity of
these sites for electrophilic attack is C26 (-0498C27 (-0.495) > 024 (-0.405) > C11 (-0.363) > @5.359) >
C10 (-0.347) > C4 (-0.339) > C7 (-0.320) > C8 (dmB> C13 (-0.317) > C14 (-0.298) > N1 (-0.271) 3XX-
0.267) > 017 (-0.265). The most negative positibp-azoxyanisolés the carbon atom, C26 (2 = -0.498) and
the lowest negative position is oxygen atom O17(Q.265).

3.2. p-Azoxyphenetole: A molecule ofp-azoxyphenetole is composed of thirty nine atoms,obwvhich there are
sixteen carbon, eighteen hydrogen, three oxygentwadhitrogen atoms. In order to predict the nuphalic and
electrophilic sites of attack, the most positivel megative charged sites must be kngWhhe charge distributions
(Q) of each atom of this compound were calculatgdiding the AM1** PM3 PM5" and DFT-based methods
and the results are reported in Graph-2 and th&ramp numbering scheme used in the above analyshown in
Figure-2, which represents a perspective view eftiolecule.
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Figure 2. Per spective view of Compound-2, p-azoxyphenetole
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Graph 2. Graphical representation of magnitude of partial atomic charges of p-azoxyphenetole
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AM1*® data show that, there are twenty one positivegehatoms, including two carbon atoms (C6 and CAi?,
nitrogen (N2) and all the eighteen H-atom. It isoathown by the Graph-2. Thus, there are thrediyp®siharge
sites for nucleophilic attac®. The decreasing order of reactivity of these ditesucleophilic attack is N2 (0.392) >
C12 (0.116) > C6 (0.089). The most positive posifiop-azoxyphenetole is the azoxy nitrogen, N2;{Q= 0.392)
and the lowest positive position is carbon atom(Q6= 0.089). It is also shown by the Graph-2 thegre are
eighteen negative charge sites for electrophiliackt The decreasing order of reactivity of thegessfor
electrophilic attack is 024 (-0.448) > C33 (-0.239C11 = C30 (-0.218) > 017 (-0.213) > C5 (-0.269p22 (-
0.207) > N1 (-0.206) > C13 (-0.173) > C7 (-0.163¢# (-0.092) > C9 (-0.081) > C8 (-0.068) > C3 (60p> C14
(-0.045) > C10 (-0.042) > C27 (-0.024) > C26 (-BPZXhe most negative position prazoxyphenetole is the azoxy
oxygen, 024 (@ = -0.448) and the lowest negative position is caritom C26 (Q = -0.023).

PM3" data show that, there are twenty five positivergiatoms, including six carbon atoms (C6, C10,, @14,
C26 and C27), one nitrogen (N2) and all the eightdeatom. It is also shown by the Graph-2. Thusrdtare seven
positive charge sites for nucleophilic attack. Teereasing order of reactivity of these sites fazl@ophilic attack
is N2 (1.072) > C12 (0.150) > C6 (0.089) > C26 =/@R.057) > C10 = C14 (0.019). The most positivsitpan in
p-azoxyphenetole is the azoxy nitrogen, N2/4Q= 1.072) and the lowest positive position is carlbbtom C10 =
C14 (Q = 0.019). It is also shown by the Graph-& tinere are fourteen negative charge sites fartrejghilic
attack. The decreasing order of reactivity of theises for electrophilic attack is 024 (-0.631) ¢ N0.467) > C9 (-
0.353) > C11 (-0.212) > 017 (-0.191) > 022 (-0.184)5 (-0.177) > C13 (-0.170) > C7 (-0.141) > C3B123) >
C30 (-0.122) > C4 (-0.069) > C8 (-0.057) > C3 (AR The most negative position razoxyphenetole is the
azoxy oxygen, 024 (f\ = -0.631) and the lowest negative position is ocarbtom C3 (Q = (-0.013).

PM5'® data show that, there are twenty one positivegehatoms, including two carbon atoms (C6 and CA2,
nitrogen (N2) and all the eighteen H-atom. It isoathown by the Graph-2. Thus, there are thrediyp®siharge
sites for nucleophilic attack. The decreasing oafeeactivity of these sites for nucleophilic aktas N2 (0.540) >
C12 (0.191) > C6 (0.156). The most positive posifinp-azoxyphenetole is the azoxy nitrogen, N2,{Q= 0.540)
and the lowest positive position is carbon atom(Q6= 0.156). It is also shown by the Graph-2 thegre are
eighteen negative charge sites for electrophiliackt The decreasing order of reactivity of thegessfor
electrophilic attack is 024 (-0.512) > 017 (-0.333p22 (-0.323) > C33 (-0.303) > C30 (-0.301) > (N1.297) >
C11 (-0.286) > C5 (-0.260) > C13 (-0.231) > C7ZdB) > C9 (-0.165) > C4 (-0.087) > C8 (-0.076) >(@R045) >
C14 (-0.033) > C10 (-0.028) > C27 (-0.014) > CA&BF09). The most negative positiongrazoxyphenetole is the
azoxy oxygen, 024 (f\ = -0.512) and the lowest negative position is ocaratom, C26 (Q = -0.009).

DFT* data show that, there are twenty three positiageh atoms, including four carbon atoms (C3, C6268
C12), one nitrogen (N2) and all the eighteen H-attiris also shown by the Graph-2. Thus, therefiaeepositive
charge sites for nucleophilic attack. The decrepsirer of reactivity of these sites for nucleojhittack is C12
(0.396) > C6 (0.383) > C9 (0.273) > C3 (0.227) >(M2A84). The most positive positionprazoxyphenetole is the
carbon atom, C12 (@x = 0.396) and the lowest positive position is azoakrogen, N2 (Q = 0.184). It is also
shown by the Graph-2 that there are fifteen negativarge sites for electrophilic attack. The desirgporder of
reactivity of these sites for electrophilic attaskC30 (-0.617) > C33 (-0.616) > 024 (-0.406) > ¢1365) > C5 (-
0.353) > C10 (-0.347) > C7 (-0.336) > C4 = C13333) > C8 (-0.320) > C14 (-0.300) > C27 (-0.274D27 (-
0.271) > N1 = C26 (-0.270) > 022 (-0.269). The muspative position ip-azoxyphenetole is the carbon atom,
C30 (Qun =-0.617) and the lowest negative position is @ygtom, 022 (Q = -0.269).

3.3. Ethyl-p-azoxybenzoate: A molecule of ethyp-azoxybenzoate is composed of forty three atomspbutich
there are eighteen carbon, eighteen hydrogen, dixsggen and two nitrogen atoms. In order to predit
nucleophilic and electrophilic sites of attack, thest positive and negative charged sites mustrioevik®* The
charge distributions (Q) of each atom of this commbwere calculated by using the AM1PM3* PM5" and
DFT-base methods and the results are reported in Graphd3tanarbitrary numbering scheme used in the above
analysis is shown in Figure-3, which representsrapgective view of the molecule.

Figure 3. Per spective view of Compound-3, ethyl-p-azoxybenzoate
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AM1*3 data show that, there are twenty one positivegehatoms, including two carbon atoms (C17 and Ca®,
nitrogen (N2) and all the eighteen H-atom. It isoathown by the Graph-3. Thus, there are thrediyp®siharge
sites for nucleophilic attack. The decreasing oafeeactivity of these sites for nucleophilic aktas N2 (0.391) >
C17 (0.341) > C22 (0.336). The most positive siteethylp-azoxybenzoate is the azoxy nitrogen, N2,{Q =
0.391) and the lowest positive site is carbon a@#@ (Q = 0.336). It is also shown by the Graph there are
twenty two negative charge sites for electrophditack. The decreasing order of reactivity of theies for
electrophilic attack is 024 (-0.422) > 026 (-0.289p27 (-0.277) > 028 (-0.253) > 029 (-0.248) > @31247) >
C33 (-0.219) > N1 (-0.210) > C4 (-0.135) > C6 (311> C12 (-0.106) > C11 (-0.104) > C8 (-0.103) £3Q-
0.099) > C5 (-0.096) > C7 (-0.095) > C10 (-0.085¢ 4 (-0.079) > C9 (-0.023) > C30 (-0.020) > CI2@18) >
C3 (-0.005). The most negative position in etpydzoxybenzoate is the azoxy oxygen, O2¢,(& -0.422) and the
lowest negative position is carbon atom, C3 (Q.608).
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Graph 3. Graphical representation of magnitude of partial atomic charges of ethyl-p-azoxybenzoate
PM3" data show that, there are twenty four positivagaatoms, including five carbon atoms (C3, C172,G230
and C32), one nitrogen (N2) and all the eighteeatdin. It is also shown by the Graph-3. Thus, thamee six
positive charge sites for nucleophilic attack. Heereasing order of reactivity of these sites facl@ophilic attack
is N2 (1.064) > C17 (0.405) > C22 (0.396) > C3D%9) > C30 (0.053) > C3 (0.043). The most positigsition in
ethylp-azoxybenzoate is the azoxy nitrogen, NZ{Q= 1.064) and the lowest positive position is caratom, C3
(Q =0.043). It is also shown by the Graph-3 thaté¢ are nineteen negative charge sites for efgutimattack. The
decreasing order of reactivity of these sites fecteophilic attack is 024 (-0.614) > N1 (-0.465Y026 (-0.329) >
027 (-0.316) > C9 (-0.286) > 028 (-0.237) > 029232) > C31 (-0.150) > C6 (-0.144) > C33 (-0.121¢# (-
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0.112) > C8 (-0.094) > C12 (-0.089) > C11 (-0.082313 (-0.079) > C7 (-0.056) > C5 (-0.054) > C10.¢29) >
C14 (-0.020). The most negative position in efyzoxybenzoate is the azoxy oxygen, O24,(& -0.614) and
the lowest negative position is carbon atom, C14 (Q.020).

PM5" data show that, there are twenty two positive glatoms, including three carbon atoms (C3, C17G#8),
one nitrogen (N2) and all the eighteen H-atoms lalso shown by the Graph-3. Thus, there are fositipe sites
for nucleophilic attack. The decreasing order @fctivity of these sites for nucleophilic attackNg (0.535) > C17
(0.461) > C22 (0.456) > C3 (0.031). The most pesiposition in ethyp-azoxybenzoate is the azoxy nitrogen, N2
(Quax = 0.535) and the lowest positive position is caratom, C3 (Q = 0.031). It is also shown by thep®r3 that
there are twenty one negative charge sites fotrelguilic attack.

The decreasing order of reactivity of these sit@selectrophilic attack is 024 (-0.489) > 026 (€13 > 028 (-
0.352) > 029 (-0.347) > 027 (-0.346) > C31 (-0.338}33 (-0.302) > N1 (-0.299) > C6 (-0.178) > Ca.162) >
C12 (-0.151) > C8 (-0.138) > C11 (-0.125) > C1312D) > C5 = C10 (-0.105) > C7 (-0.101) > C14 (9Bp> C9
(-0.082) > C32 (-0.021) > C30 (-0.019). The mogjatve position in ethyp-azoxybenzoate is the azoxy oxygen,
024 (Qun = -0.489) and the lowest negative position is caratom, C30 (Q = -0.019).

DFT' data show that, there are twenty five positivergaaatoms, including six carbon atoms (C3, C6, CB2,
C17 and C22), one nitrogen (N2) and all the eightdeatom. It is also shown by the Graph-3. Thusrdrare seven
positive charge sites for nucleophilic attack. Heereasing order of reactivity of these sites facl@ophilic attack
is C17 (0.311) > C22 (0.292) > C9 (0.286) > C3 %0)2> N2 (0.184) > C12 (0.093) > C6 (0.087). Thesmo
positive position in ethyp-azoxybenzoate is the carbon atom, C1y4Q= 0.311) and the lowest positive position
is C6 (Q = 0.087). It is also shown by the Grapth@ there are eighteen negative charge sitesléatrephilic
attack. The decreasing order of reactivity of thates for electrophilic attack is C31 (-0.622) 333-0.612) > 024
(-0.379) > C10 (-0.330) > C4 (-0.324) > C8 (-0.324¢7 (-0.304) > C14 (-0.299) > 026 (-0.291) > @3.286) >
C13 (-0.284) > 027 (-0.282) > C11 (-0.271) > C3mZ70) > N1 (-0.266) > C32 (-0.253) > 028 (-0.250p29 (-
0.229). The most negative position in etpykzoxybenzoate is the carbon atom, C3},(& -0.622) and the lowest
negative position is oxygen atom, 029 (Q = (-0.229)

3.4. Ethyl-p-azoxycinnamate: A molecule of ethyp-azoxycinnamate is composed of fifty one atoms,oéwuthich
there are twenty two carbon, twenty two hydrogéve bxygen and two nitrogen atoms. In order to fmtethe
nucleophilic and electrophilic sites of attack, thest positive and negative charged sites mustrioevik?* The
charge distributions (Q) of each atom of this commbwere calculated by using the ANM1PM3* PM5" and
DFT-base methods and the results are reported in Graphd4tanarbitrary numbering scheme used in the above
analysis is shown in Figure-4, which representsrapective view of the molecule.

Figure 4. Per spective view of Compound-4, ethyl-p-azoxycinnamate

AM1*2 data show that, there are twenty five positivergaatoms, including two carbon atoms (C17 and O&2

nitrogen (N2) and all the twenty two H-atom. laiso shown by the Graph-4. Thus, there are thregiy® charge
sites for nucleophilic attack. The decreasing oafaeactivity of these sites for nucleophilic aktas N2 (0.393) >
C17 = C22 (0.332). The most positive site in eftrdzoxycinnamate is the azoxy nitrogen, N2,4Q= 0.393) and
the lowest positive site is carbon atom, C17 = Q@2 0.332). It is also shown by the Graph-4 that¢ are twenty
six negative charge sites for electrophilic attatke decreasing order of reactivity of these siteselectrophilic

attack is 024 (-0.423) > 027 (-0.346) > 026 (-0)321D29 (-0.285) > 028 (-0.255) > C44 (-0.246) >1G3C33 (-

0.219) > N1 (-0.214) > C46 (-0.173) > C4 (-0.137¢+3 (-0.120) > C11 (-0.116) > C7 (-0.109) > C81a®) > C5

(-0.099) > C10 (-0.083) > C14 (-0.077) > C6 (-0.p%4C47 (-0.052) > C12 (-0.035) > C9 (-0.032) > (¢4%018) >

C30 (-0.016) > C32 (-0.010) > C3 (-0.005).
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Ethyl-p-azoxycinnamate
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Graph 4. Graphical representation of magnitude of partial atomic charges of ethyl-p-azoxycinnamate

The most negative position in ethgdazoxycinnamate is the azoxy oxygen, 024,(Q= -0.423) and the lowest
negative position is carbon atom C3 (Q = -0.005).

PM3" data show that, there are twenty nine positivegghatoms, including six carbon atoms (C3, C17,,C3D,
C32 and C45), one nitrogen (N2) and all the twewty H-atom. It is also shown by the Graph-4. Thhere are six
positive charge sites for nucleophilic attack. Heereasing order of reactivity of these sites iael@ophilic attack
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is N2 (1.069) > C22 (0.409) > C17 (0.398) > C32¢1) > C30 (0.061) > C3 (0.045) > C45 (0.025). Tmest
positive position in ethyp-azoxycinnamate is the azoxy nitrogen, N2,(Q = 1.069) and the lowest positive
position is carbon atom, C45 (Q = 0.025). It inakown by the Graph-4 that there are twenty twgatiee charge
sites for electrophilic attack. The decreasing pafaeactivity of these sites for electrophilid¢aatk is 024 (-0.614)
> N1 (-0.472) > 027 (-0.374) > 026 (-0.346) > C9.299) > 029 (-0.270) > C44 (-0.245) > 028 (-0.239}46 (-
0.162) > C33 (-0.125) > C31 (-0.121) > C4 (-0.1$5313 (-0.111) > C11 (-0.099) > C6 (-0.096) > CB.q95) >
C7 (-0.077) > C5 (-0.058) > C47 (-0.032) > C10@Y) > C12 (-0.020) > C14 (-0.013). The most neggpiosition
in ethylp-azoxycinnamate is the azoxy oxygen, 024,(Q= -0.614) and the lowest negative position is carb
atom, C14 (Q = -0.013).

PM5'® data show that, there are twenty six positive ghatoms, including three carbon atoms (C3, C17G2#®),
one nitrogen (N2) and all the twenty two H-atomislalso shown by the Graph-4. Thus, there aregositive sites
for nucleophilic attack. The decreasing order efctivity of these sites for nucleophilic attackNg (0.538) > C17
(0.460) > C22 (0.433) > C3 (0.017). The most pesiposition in ethyp-azoxycinnamate is the azoxy nitrogen, N2
(Quax =0.538) and the lowest positive position is caratom, C3 (Q = 0.017). It is also shown by thepBréa that
there are twenty five negative charge sites foctadphilic attack. The decreasing order of reattiaf these sites
for electrophilic attack is 024 (-0.493) > 027 4D1) > 026 (-0.378) > 029 (-0.369) > 028 (-0.355L#4 (-
0.340) > N1 (-0.305) > C31 (-0.302) > C33 (-0.361¢46 (-0.248) > C13 (-0.173) >C11 (-0.165) > OA.150) >
C7 (-0.143) > C5 (-0.142) > C8 (-0.125) > C9 (-®)JL& C10 (-0.089) > C14 (-0.080) > C47 (-0.060) & (@.059)
> C32 (-0.023) > C45 (-0.018) > C30 (-0.017) > C@R.012). The most negative position in etpyl-
azoxycinnamate is the azoxy oxygen, O24,(G -0.493) and the lowest negative position is carbtom C12 (Q =
-0.012).

DFT* data show that, there are twenty nine positivegihatoms, including six carbon atoms (C3, C6, CE2,
C17 and C22), one nitrogen (N2) and all the twdanty H-atom. It is also shown by the Graph-4. Thhsre are
seven positive charge sites for nucleophilic attddie decreasing order of reactivity of these sibesiucleophilic
attack is C12 (0.359) > C22 (0.358) > C6 (0.34%)1¥ (0.332) > C9 (0.294) > C3 (0.249) > N2 (0.178)e most
positive position in ethyp-azoxycinnamate is the carbon atom, C1g Q= 0.359) and the lowest positive position
is N2 (Q = 0.178). It is also shown by the Grapthdt there are eighteen negative charge sitesldotrephilic
attack. The decreasing order of reactivity of theises for electrophilic attack is C33 (-0.614) 310-0.611) > 024
(-0.376) > C44 (-0.359) > 027 (-0.347) > C10 (-®&B# C8 (-0.340) > C4 (-0.333) > C46 = C11 (-0.3227 (-
0.317) > C13 = 026 (-0.313) > C5 (-0.312) > C14308) > 029 (-0.287) > C30 (-0.278) > N1 = C3226m) >
C45 (-0.253) > C47 (-0.250) > 028 (-0.235). The mmgative position in ethyl-azoxycinnamate is the carbon
atom, C33 (@ = -0.614) and the lowest negative position is @ygtom, 028 (Q = (-0.235).

3.5. n-Octyl-p-azoxycinnamate: A molecule ofn-octyl-p-azoxycinnamate is composed of eighty seven atouts, o
of which there are thirty four carbon, forty sixdmggen, five oxygen and two nitrogen atoms. In otdepredict the
nucleophilic and electrophilic sites of attack, thest positive and negative charged sites mustrioevik®* The
charge distributions (Q) of each atom of this commbwere calculated by using the ANMFIPM3 PM5™ and
DFT-based methods and the results are reported in GraptdStanarbitrary numbering scheme used in the above
analysis is shown in Figure-5, which representsrapgective view of the molecule.

Figure 5. Per spective view of Compound-5, n-octyl-p-azoxycinnamate

AM1" data show that, there are twenty five positiverghatoms, including two carbon atoms (C17 and 0@
nitrogen (N2) and all the forty six hydrogen twoaktbm. It is also shown by the Graph-5. Thus, tteethree
positive charge sites for nucleophilic attack. Heereasing order of reactivity of these sites facl@ophilic attack
is N2 (0.393) > C17 = C22 (0.332). The most positite inn-octyl-p-azoxycinnamate is the azoxy nitrogen, N2
(Quax = 0.393) and the lowest positive site is carbamatC17 = C22 (Q = 0.332). It is also shown by@raph-5
that there are twenty six negative charge siteelectrophilic attack. The decreasing order of tig#yg of these
sites for electrophilic attack is 024 (-0.424) >1020.344) > 026 (-0.313) > 029 (-0.283 ) > 028258%#) > C44 (-
0.245) > N1 (-0.213) > C74 (-0.211) > C56 (-0.220333 (-0.190) > C46 (-0.174) > C31 (-0.161) > (3B160) >
C55 = C73 (-0.159) > C53 = C54 = C71 = C72 (-0.158F¢52 = C70 (-0.157) > C43 (-0.154) > C4 (-0.138}13
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(-0.120) > C11 (-0.116) > C7 (-0.107) > C8 (-0.165¢5 (-0.101) > C10 (-0.084) > C14 (-0.077) > @B.(73) >
C47 (-0.051) > C12 (-0.035) > C9 (-0.032) > C45@1®) > C30 (-0.017) > C32 (-0.009) > C3 (-0.008)e most
negative position im-octyl-p-azoxycinnamate is the azoxy oxygen, O24;(Q= -0.424) and the lowest negative
position is carbon atom, C3 (Q = -0.005).
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Graph 5. Graphical representation of magnitude of partial atomic charges of n-octyl-p-azoxycinnamate
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PM3" data show that, there are fifty three positiverghaatoms, including six carbon atoms (C3, C17,,@&23D,
C32 and C45), one nitrogen (N2) and all the fortyhgdrogen H-atom. It is also shown by the Grapfus, there
are seven positive charge sites for nucleophiliackt The decreasing order of reactivity of thegessfor
nucleophilic attack is N2 (1.069) > C22 (0.404) $700.398) > C32 (0.078) > C30 (0.057) > C3 (0.045}45
(0.025). The most positive position mroctyl-p-azoxycinnamate is the azoxy nitrogen, N2,(Q= 1.069) and the
lowest positive position is carbon atom, C45 (Q.628). It is also shown by the Graph-5 that theeethirty four
negative charge sites for electrophilic attack.

The decreasing order of reactivity of these sitesefectrophilic attack is 024 (-0.616) > N1 (-0137 027 (-0.369)
> 026 (-0.347) > C9 (-0.301) > 029 (-0.267) > C431Z45) > 028 (-0.237) > C46 -0.154) > C33 (-0.139}4 (-
0.113) > C56 = C74 (-0.109) > C13 = C31 (-0.108)38 (-0.104) > C11 = C54 = C72 (-0.103) > C53 = G071
(-0.102) > C52 (-0.101) > C55 = C73 > C8 (-0.097& (-0.096 > C43 (-0.095 > C5 (-0.071 > C7 (-0.66647 (-
0.038 > C10 (-0.026 > C12 = C14 (-0.015). The mmegjative position im-octyl-p-azoxycinnamate is the azoxy
oxygen, 024 (@ = -0.616) and the lowest negative position is carbtom, C12 = 14 (Q = -0.015).

PM5" data show that, there are fifty positive chargens, including three carbon atoms (C3, C17 and 02
nitrogen (N2) and all the forty six hydrogen H-atdiis also shown by the Graph-5. Thus, therefawe positive
sites for nucleophilic attack. The decreasing oafeeactivity of these sites for nucleophilic akds N2 (0.538) >
C17 (0.459) > C22 (0.432) > C3 (0.016). The mogtitp@ position inn-octyl-p-azoxycinnamate is the azoxy
nitrogen, N2 (@ax = 0.538) and the lowest positive position is carbtom, C3 (Q = 0.016). It is also shown by the
Graph-5 that there are thirty seven negative chsitge for electrophilic attack. The decreasingeomf reactivity of
these sites for electrophilic attack is 024 (-0)493027 (-0.410) > 026 (-0.379) > 029 (-0.364) >8(20.354) >
C44 (-0.340) > N1 (-0.305) > C74 (-0.282) > C56.281) > C46 (-0.249) > C33 (-0.236) > C31 (-0.197¢72 (-
0.192) > C54 (-0.191) > C38 (-0.190) > C52 = C58# = C71 (-0.189) > C43 (-0.182) > C55 (-0.178 73 (-
0.177) > C13 (-0.173) > C11 (-0.165) > C4 (-0.150}7 (-0.143) > C5 (-0.142) > C8 (-0.125) > C9 14b) > C10
(-0.089) > C14 (-0.080) > C47 (-0.062) > C6 (-0.059C32 (-0.031) > C30 (-0.030) > C45 (-0.018) >2G10.011).
The most negative position moctyl-p-azoxycinnamate is the azoxy oxygen, O24;(Q= -0.493) and the lowest
negative position is carbon atom, C12 (Q =-0.011).

DFT'® data show that, there are fifty three positiverghatoms, including six carbon atoms (C3, C6, 2, C17
and C22), one nitrogen (N2) and all the forty sibatdm. It is also shown by the Graph-5. Thus, tteeseven
positive charge sites for nucleophilic attack. Heereasing order of reactivity of these sites facl@ophilic attack
is C22 (0.373) > C12 (0.365) > C6 (0.361) > C17B40) > C9 (0.330) > C3 (0.255) > N2 (0.146). Thesmo
positive position inn-octyl-p-azoxycinnamate is the carbon atom, C12,4Q= 0.373) and the lowest positive
position is N2 (Q = 0.146). It is also shown by tBeaph-5 that there are eighteen negative chatgs &r
electrophilic attack. The decreasing order of rigdgtof these sites for electrophilic attack is@260.627) > C74 (-
0.626) > C33 (-0.424) > C38 (-0.411) > C31 (-0.420}43 (-0.404) > C70 (-0.401) > C53 (-0.395) > 394)

> C52 = C72 (-0.393) > C54 = C73 (-0.391) > C55390) > 024 (-0.361) > 027 (-0.347) > C8 (-0.342}46 (-
0.341) > C10 (-0.340) > C44 (-0.335) > C7 (-0.331¢11 (-0.323) > C14 = 026 (-0.321) > C5 (-0.318F13 (-
0.317) > C4 (-0.316) > C30 (-0.315) > 029 (-0.288}45 (-0.2720 > C47 (-0.257) > N1 (-0.256) > C32247) >
028 (-0.242). The most negative positiomhuoctyl-p-azoxycinnamate is the carbon, C56,(Q= -0.627) and the
lowest negative position is oxygen atom, 028 (Q0=242).

3.6. Comparative Study: The structure of above azoxybenzene based ligujdtals is based on the following
parent skeleton (Figure-6), which has 15 sites.
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X =-0OCH; (Compound-1)

_ /018 X = -OC,Hs (Compound-2
x—//5 \\—NéNZ b (0o )
6 3

> X = -COOGHs5(Compound-3)
\ // X = —CH=CH-COOGH;(Compound-4)
1a 13 = —CH=CH-COOGH;7(Compound-5)

Figure 6. Parent skeleton of azoxybenzene based liquid crystal

Table 6. Quax and Qun values of all the compounds as calculated by AM 1, PM 3, PM5 and DFT-methods
Azoxy-Based Liquid AM1 PM3 PM5 DFT
Crystals Site | Quax | Site Qumin Site | Quax | Site Qumin Site | Quax | Site Qumin Site | Quax | Site Qumin
p-azoxyanisole N2| 0.393 024 -0.447 N2 1.02 Q24 .63 N2 | 0.540| 024 -0510 Ci12 0375 024 -0.4p5
p-azoxyphenetole N2 0.392 024 -0.448 N2 1.072 (024 630 N2 0.540| 024 -0.517 C1p 0.396 O24 -0.406
ethylp-
azoxybenzoate N2 0391 Oz -0.4%22 N2 1.064 (@24 1406 N2 | 0.535| 024 -0.489 C9) 0.286 024 -0.3779
ethylp-
azoxycinnamate N2 0.39 o4 -0.423 N2 1.069 024 614 ) N2 | 0.538] 024 -0.493 Ci2  0.339 04 -0.376
n-octyl-p-
azoxycinnamate N2 0.39 o4 -0.424 N2 1.069 024 618 N2 | 0.538] 024 -0.493 Ci12  0.365 O4 -0.361

The Q values at all the 15 sites of all the abavamounds have also been reported in Graph-1 torscdmparative
study of the values of Qx and Qun as obtained by AME PM3 PM5"™ and DFT-based calculations are

summarized in Table 1. A reference to this tabtiicates that the above compounds have the followndgr for
nucleophilic and electrophilic sites.

Summary of reactivity order of azoxy based liquid crystalsfor nucleophilic site

AM1-Quax
PM3-Quax
PM5-Quax

DFT-Quax

ethylp-azoxycinnamate n-octyl-p-azoxycinnamate p-azoxyanisole -azoxyphenetole > ethyl-
p-azoxybenzoate

p-azoxyanisole p-azoxyphenetole > ethyl-azoxycinnamate n-octyl-p-azoxycinnamate > ethyl-
p-azoxybenzoate

p-azoxyanisole -azoxyphenetole > ethyl-azoxycinnamate n-octyl-p-azoxycinnamate > ethyl-
p-azoxybenzoate

p-azoxyphenetole p-azoxyanisole »n-octyl-p-azoxycinnamate > ethyl-azoxycinnamate > ethyl-
p-azoxybenzoate

Summary of reactivity order of azoxy based liquid crystalsfor electrophilic site

AMI1-Quin
PM3-Quin
PM5-Quin

DFT-Quin

p-azoxyphenetole p-azoxyanisole »n-octyl-p-azoxycinnamate > ethyl-azoxycinnamate > ethyl-
p-azoxybenzoate

p-azoxyphenetole p-azoxyanisole »n-octyl-p-azoxycinnamate > ethyl-azoxybenzoate = ethyl-
p-azoxycinnamate

p-azoxyphenetole p-azoxyanisole > ethyp-azoxycinnamate n-octyl-p-azoxycinnamate > ethyl-
p-azoxybenzoate

p-azoxyphenetole p-azoxyanisole > ethyb-azoxybenzoate > ethpl-azoxycinnamate Rr-octyl-
p-azoxycinnamate

CONCLUSION

We have concluded following points from the abowglg:

1. It has already been mentioned that while the resarbduced by different semiempirical methods ae n
generally comparable, they do often reproduce aimitends. It is also clear from the reactivity erdor
nucleophilic site as obtained by PM3 and PM5 hawélar trend.

p-azoxyanisole p-azoxyphenetole > ethyl-azoxycinnamate n-octyl-p-
azoxycinnamate > ethyl-azoxybenzoate (PM3442x)

p-azoxyanisole p-azoxyphenetole > ethyl-azoxycinnamate n-octyl-p-
azoxycinnamate > ethyl-azoxybenzoate (PM5y42x)
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2. DFT-based calculations indicate that the above @am@s have the following order for nucleophilic and
electrophilic sites.

p-azoxyphenetole p-azoxyanisole »-octyl-p-azoxycinnamate > ethy-
azoxycinnamate > ethyl-azoxybenzoate (DFT-(x)

p-azoxyphenetole p-azoxyanisole > ethyp-azoxybenzoate > ethy-
azoxycinnamate m-octyl-p-azoxycinnamate (DFT-{\)

If p-azoxyanisole is treated as reference compdR®) then the study shows that replacement of -©@hdup of
RC by -OGHs group increase thefx, while successive addition of —-CH=CH-COgbfg;, —-CH=CH-COOGH;
and -COOGHs5 groups decreases thg,Q, respectively. In all the compounds it is the carlatom at site 12, C12,
which has @Qax, except in ethyp-azoxybenzoate, wherey is at C9. In respect to\R,, it is the azoxy oxygen,
024, which has @y and the only differences in the trend is due ® gbsitions of ethyp-azoxybenzoate ana-
octyl-p-azoxycinnamate, which are interchanged.

3. The study shows that DFT based calculations prowdéer result than the semiempirical based
calculations.
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