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ABSTRACT

The electronic structure of some of azoxybenzeseeblquid crystals belonging to nematicclass: pxganisole,
p-azoxyphenetole, ethyl-p-azoxybenzoate, ethybgpyamnamate and n-octyl-pazoxycinnamate have kasatied

by computational method. The DFT based calculatibbond length, bond order and bond angle wereqoeréd
with CAChe software. The study shows that replanemog —-OCH3 group of RC by —OC2H5, —-COOC2H5, —
CH=CH-COOC2H5 and —-CH=CH-COOC8H17 groups formedzpxyphenetole, ethyl-p-azoxybenzoate, ethyl-p-
azoxycinnamate and n-octyl-p-azoxycinnamate, résede and replacement of —-OCH3 group of RC by —-B&2-
COOC2H5, -CH=CH-COOC2H5 and —CH=CH-COOC8H17 grospsw bond angles between N1-N2-C9 and
C3-N1-N2 mostly remain intact in these compound$ arslight deviation is due to steric effects dbsituting
groups. Thus, results of computational calculatipnsvide valuable information related to crystoghépstructure

of the compounds.

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

INTRODUCTION

p-Azoxyanisole (PAA) is well known compound and @g/stographic structure was established in 197(@]1,
Presently, a number of azoxy based liquid crysaéaés well known [3, 4]Some of azoxy-based liquid crystals
belonging to nematic class gpeazoxyanisolep-azoxyphenetole, ethyl-azoxybenzoate, ethg-azoxycinnamate
and n-octyl-p-azoxycinnamate. Crystographic structure of thesmpound could not be performed for want of
necessary requirements. The computational chemSinand availability of software have made it [bks to
obtained such informations about a molecule whidgtrewearlier possible only by crystographic studhe T
importance of bond length and bond angle in desggilthe nature of binding in a compound has regenglen
emphazized [6, 7]. We in this chapter present dystun bond length and bond angle of above compounds

MATERIALS AND METHODS
The compounds, which are study material of thisptdra are listed in Table-1. For present study tthee

dimensional modeling and geometry optimization lbttee compounds have been done in DGauss usin®#ie
B88-PW91 GGA functional with the DZVP basis sets 98 The application of DFT has given a new comdep
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chemical system. This concept focuses on the @wreh density function instead of wave functiof][IThe DFT
based calculation of bond length, bond order anddbangle were performed with CAChe software [Tlje
optimized structures of compounds 1 to 5 are shiovfigure 1 to 5.

Table 1. List of compounds

Parent Skeleton X Compd. No.
024
T —-OCH; (1)
o1 —OGHs (2
— /07 N
_N X —COOGHs (3)
x—f ¢\\3_N1/ N ~CH=CH-COOGHs  (4)
\ / 1a 13 —CH=CH-COOGH;; (5)

RESULTS AND DISCUSSION

If p-azoxyanisole is treated as reference compound () the study shows that replacement of —@@idup of
RC by —OGHs —COOGHs, —-CH=CH-COOGHs and —CH=CH-COO#H;; groups formedp-azoxyphenetole
(fig.2), ethylp-azoxybenzoate (fig.3), ethplazoxycinnamate (fig.4) andh-octyl-p-azoxycinnamate (fig.5),
respectively. These compounds are listed in TablEh# first stage of the study is confined to theasurement of
various bond length and bond angles of PAA (figdllowed by the same measurements of gkezoxyphenetole,
ethylp-azoxybenzoate, ethy-azoxycinnamate anatoctyl-p-azoxycinnamate.

Figure 1: p-Azoxyanisole

Table 2. Selected bond distances (A) and angles\{ith esd’s in parenthes

Bond distances

N1-N2 1.302(1 Clc-C11 1.401(11
N1-C3 1.399(2) Cl11-C12 1.410(12)
C3-C4 1.422(3) C12-C13 1.415(13)
C4-C5 1.401(4) C13-C14 1.394(14)
C5-C6 1.409(5) C14-C9 1.408(15)
C6-C7 1.415(6) C6-017* 1.373(18)
C7-C8 1.389(7) C12-022* 1.372(23)
C8-C3 1.427(8) N2-024 1.278(25)
N2-C9 1.459(9) 017-C26* 1.438(27)
C9-C10 1.401(10) 022-C27* 1.438(28)
Bond angles

C6-017-C26 117.4 N1-N2-C9 115.9
C3-N1-N2 124.7 C12-022-C27 117.8

*indicates the bond length related to —OgG#toup

3.1.p-Azoxyanisole: PAA is an organic compound. In a solid stateppears as a white powder, but when heated
it forms a liquid crystal. As one of the first knovand most readily prepared liquid crystals, PAA baen played
an important role in the development of liquid ¢ayslisplays [12, 13]A molecule of PAA is composed of thirty
three atoms, out of which there are fourteen carfmmteen hydrogen, three oxygen and two nitrogms. The
computational result of bond length and bond angfegarious bonds between-NN, N—C, N—O, C—0O and
C—C of PAA are included in Table-2, which indicatesttthe N—N, bond length is 1.302 A.-N-C bonds have
length 1.399 A and 1.459 A in,N-C; and N—C,, respectively. The bond,N-O,, has a length of 1.278 A.-€0O
bonds have length in the range 1.37 A in two boi@is-0,; and G—O,,) and 1.438 A in two cases {8-Cy
and Q,—C,7). C—C bonds have length in the range 1.3 A in two gabkdsA in five cases, 1.41 A three cases and
1.42 in two cases. However, three is little diffeses in length in all the cases. The bond lengthR® show
deviation from the average covalent bond lengtearfimon bonds, N-N (1.47 A); N=N (1.24 A)=N (1.10 A);
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N-C (1.39 A); N-0 (1.36 A); N=0 (1.22 A); C-C (1.39; C=C (1.34 A); C=Gomaic(1.34 A) and EC (1.20 A),
due to resonance, electronegativity, hybridizatiod steric effect. The bond angles in PAA betwe6r0Q7-C26,
C3-N1-N2, N1-N2-C9 and C12-022-C27 are 117.4°,124.15.9° and 117.8°, respectively. These shoviatien
from the bond angles as shown by Scridonesi (2009j47’, 109°47’, 120° and 109°47’ [14]. This dwerépulsion
between non-bonded electrons, repulsion betweensabo groups attached to central atom.

Figure 2: p-Azoxyphenetole

Table 3. Selected bond distances (A) and angles\ith esd’s in parenthes

Bond distances

N1-N2 1.301(1 C11-C1z2 1.409(12
N1-C3 1.397(2) C12-C13 1.415(13)
C3-C4 1.423(3) C13-C14 1.393(14)
C4-C5 1.402(4) C14-C9 1.409(15)
C5-C6 1.410(5) C6-017* 1.371(18)
C6-C7 1.414(6) C12-022* 1.370(23)
C7-C8 1.387(7) N2-024 1.278(25)
C8-C3 1.426(8) 017-C26* 1.447(27)
N2-C9 1.460(9) 022-C27* 1.447(28)
C9-C10 1.400(10) C26-C30* 1.523(31)
C10-C11 1.401(11) C27-C33* 1.523(34)
Bond angles

C6-017-C26 117.1 N1-N2-C9 115.9
C3-N1-N2 124.7 C12-022-C27 1175

*indicates the bond length related to -gMG group

3.2. p-Azoxyphenetole: On substitution of —OCHgroup by —OGHs group,p-azoxyanisole is converted infp
azoxyphenetole. A molecule pfazoxyphenetole is composed of thirty nine atoms,obwvhich there are sixteen
carbon, eighteen hydrogen, three oxygen and twoggh atoms. The computational result of bond leagid bond
angles of various bonds betweea-N, N—C, N—O, C—0O and G—C of p-azoxyphenetole are included in Table-
3, which indicates that the;N-N, bond length is 1.301 A.N-C bonds have length 1.397 A and 1.46 A inMC;
and N—C,, respectively. The bond,N-O,4 has a length of 1.278 A.-G0O bonds have length in the range 1.37 A
in two bonds (6—0,7 and G,—O,,) and 1.447 A in two cases {£-C,s and Q,—C,;). C—C bonds have length
in the range 1.3 A in two cases, 1.4 A in five sage41 A three cases and 1.5 A in two cases. Hewéhree is
little differences in length in all the cases. Tdend angles ip-azoxyphenetole between C6-017-C26, C3-N1-N2,
N1-N2-C9 and C12-022-C27 are 117.4°, 124.7°, 11an9f 117.8°, respectively.

3.3. Ethylp-azoxybenzoate: On substitution of —OClHgroup by —COOgHs group,p-azoxyanisole is converted
into ethylp-azoxybenzoate. A molecule of etlpAazoxybenzoate is composed of forty three atomspbuthich
there are eighteen carbon, eighteen hydrogenpfiygen and two nitrogen atoms. The computatiorsllitef bond
length and bond angles of various bonds betweefNNN—C, N—O, C—0 and G—C of ethylp-azoxybenzoate
are included in Table-4, which indicates that the-Wl, bond length is 1.3 A. N-C bonds have length 1.4 A and
1.468 A in N—C; and N—C,, respectively. The bond,N-O,, has a length of 1.272 A.-€0 bonds have length
in the range 1.2 A in two bonds, 1.3 A in two boadsl 1.46 A in two cases-GC bonds have length in the range
1.39 A in four cases, 1.4 A in six cases, 1.423wh tases and 1.5 A in four cases. However, threltlis
differences in length in all the cases. The borglemin ethylp-azoxybenzoate between C6-C17-026, C3-N1-N2,
N1-N2-C9 and C12-C22-027 are 123.5°, 124.8°, 11&nd 123.3°, respectively.
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Figure 3: Ethyl-p-azoxybenzoate

Table 4. Selected bond distances (A) and angles\ith esd's in parenthes

Bond distances

N1-N2 1.300(1) C13-C14 1.399(14)
N1-C3 1.400(2) C14-C9 1.405(15)
C3-C4 1.423(3) C6-C17* 1.507(18)
C4-C5 1.399(4) C12-C22* 1.512(23)
C5-C6 1.409(5) N2-024 1.272(25)
C6-C7 1.411(6) C17-026* 1.224(27)
C7-C8 1.391(7 C22-027* 1.222(28)
C8-C3 1.423(8) C17-028* 1.370(29)
N2-C9 1.468(9) C22-029* 1.366(30)
Cg-Cac 1.402(10 02¢-C30* 1.465(31
C10-C11 1.399(11) C30-C31* 1.526(32)
Cl1-C12 1.407(12) 029-C32* 1.468(33)
ClzC1z 1.409(13 C32-C33* 1.523(34
Bond angles

C6-C17-026 123.5 C3-N1-N2 124.8
N1-N2-C9 115.7 C12-C22-027 1233

*indicates the bond length related to —CO8g¢group

Figure 4: Ethyl-p-azoxycinnamate

Table 5. Selected bond distances (A) and angles\§iith esd’s in parenthes

Bond distances

N1-N2 1.304(1) C17-C44* 1.491(18)
N1-C3 1.395(2 C22-C46* 1.481(23
C3-C4 1.428(3) N2-024 1.272(25)
C4-C5 1.394(4) C17-026* 1.228(27)
Ct-C6 1.419(5 C22-027* 1.232(28
C6-C7 1.419(6) C17-028* 1.377(29)
C7-C8 1.389(7) C22-029* 1.371(30)
C&-C3 1.423(8 026€-C30* 1.457(31
N2-C9 1.462(9) C30-C31* 1.524(32)
C9-C10 1.402(10) 029-C32* 1.464(33)
C1c-C11 1.398(11 C32-C33* 1.524(34
Cl1-C12 1.415(12) C44-C45* 1.359(45)
C12-C13 1.418(13) C45-C6* 1.463(46)
C13-C14 1.393(14) C46-C47* 1.357(47)
C14-C9 1.408(15) C47-C12* 1.467(48)
Bond angles

C6-C45-C44 122.6 C3-N1-N2 124.9
N1-N2-C9 115.7 C12-C47-C46  122.2

*indicates the bond length related to -CH=CH-CQO8&group

3.4. Ethylp-azoxycinnamate: On substitution of —OCHgroup by —CH=CH-COOI5 group,p-azoxyanisole is
converted into ethyb-azoxycinnamate. A molecule of ethyazoxycinnamate is composed of fifty one atoms, out
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of which there are twenty two carbon, twenty twodtogen, five oxygen and two nitrogen atoms. The
computational result of bond length and bond angfegarious bonds between-NN, N—C, N—O, C—0O and
C—C of ethylp-azoxycinnamate are included in Table-5, which iatis that the N-N, bond length is 1.304 A.
N—C bonds have length 1.395 A and 1.462 A inC; and N—C,, respectively. The bond,N-O., has a length
of 1.272 A. G—0 bonds have length in the range 1.2 A in two bpad A in two bonds and 1.4 A in two cases.
C—C bonds have length in the range 1.3 A in six gab@sA in twelve cases and 1.5 A in two cases. éelaw,
three is little differences in length in all thesea. The bond angles in etlp/zoxycinnamate between C6-C45-
C44, C3-N1-N2, N1-N2-C9 and C12-C47-C46 are 12283.9°, 115.7° and 122.2°, respectively.

3.5. n-Octyl-p-azoxycinnamate: On substitution of -OCHgroup by —CH=CH-COO¢E!,; group,p-azoxyanisole

is converted intm-octyl-p-azoxycinnamate. A molecule afoctyl-p-azoxycinnamate is composed of eighty seven
atoms, out of which there are thirty four carboontyf six hydrogen, five oxygen and two nitrogenraso The
computational result of bond length and bond angfegarious bonds between-NN, N—C, N—O, C—0O and
C—C of n-octyl-p-azoxycinnamate are included in Table-6, which iatéis that the N—N, bond length is 1.306 A.
N—C bonds have length 1.395 A and 1.46 A inC; and N—Cs, respectively. The bond,N-O., has a length of
1.273 A. G—0 bonds have length in the range 1.2 A in two bpadsA in two bonds and 1.4 A in two cases-C
bonds have length in the range 1.3 A in six cabdsA in twelve cases and 1.5 A in fourteen calesvever, three

is little differences in length in all the casefieTbond angles in-octyl-p-azoxycinnamate between C6-C45-C14,
C3-N1-N2, N1-N2-C9 and C12-C47-C46 are 126.9°,919.14.8° and 126.1°, respectively.

Figure 5: n-Octyl-p-azoxycinnamate

Table 6. Selected bond distances (A) and angles\ith esd’s in parenthes

Bond distance

N1-N2 1.306(1) C22-029* 1.367(30)
N1-C3 1.395(2) 028-C30* 1.459(31)
C3-C4 1.426(3 C3(-C31* 1.528(32
C4-C5 1.390(4) 029-C32* 1.465(33)
C5-C6 1.418(5) C32-C33* 1.531(34)
C6-C7 1.419(6 C31-C38* 1.539(39
C7-C8 1.391(7) C33-C43* 1.540(44)
C8-C3 1.422(8) C44-C45* 1.358(45)
N2-C9 1.460(9 C4E-Ce* 1.463(46
C9-C10 1.402(10) C46-C47* 1.358(47)
C10-C11 1.398(11) C47-C12* 1.468(48)
C11-Ci12 1.417(12) C38-C52* 1.538(53)
C12-C13 1.418(13) C52-C53* 1.538(54)
C13-C14 1.391(14) C53-C54* 1.538(55)
C14-C9 1.407(15) C54-C55* 1.538(56)
C17-C44* 1.486(18) C55-C56* 1.537(57)
C22-C46* 1.481(23) C43-C70* 1.540(71)
N2-024 1.273(25) C70-C71* 1.539(72)
C17-026* 1.228(27) C71-C72* 1.539(73)
C22-027* 1.233(28) C72-C73* 1.540(74)
C17-028* 1.377(29) C73-C74* 1.538(75)
Bond angles

C6-C4E-C44 126.¢ N1-N2-C9 114.¢
C3-N1-N2 119.9 C12-C47-C46  126.1

*indicates the bond length related to —-CH=CH-CO4Bi&; group

3.6. Effect of Substituting Group:

On replacement of —OGHyroup of RC by —Og@H5 —-COOGHs, —-CH=CH-COOGH; and —CH=CH-COOgH ;-

groups formedp-azoxyphenetole, ethyl-azoxybenzoate, ethy-azoxycinnamate and-octyl-p-azoxycinnamate,
respectively. The bond length of various bonds k& parent skeleton, Table-1, mostly remain intacthiese
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compounds and a slight deviation is due to stdfects of substituting groups. And the bond andlesveen N1-
N2-C9 and C3-N1-N2 mostly remain intact in thesepounds (except in compd. no. 5) and a slight dievias
due to steric effects of substituting groups. Tamp. no. 5n-octyl-p-azoxycinnamate, shows prominent deviation
due to steric hindrance of bulky —-CH=CH-COgbi¢; groups.

CONCLUSION
We have concluded following points from the abowelyg:

1.The computational results of bond lengths of RCwshigviation from the average covalent bond length o
common bonds, which is due to resonance, electetivity, hybridization and steric effect. On reptacent of —
OCH; group of RC by —Og@Hs —COOGHs, -CH=CH-COOGHs and —CH=CH—COOgH,; groups formedp-
azoxyphenetole, ethyl-azoxybenzoate, ethyl-azoxycinnamate and-octyl-p-azoxycinnamate, respectively. The
bond length of various bonds of the parent skelefable-1, mostly remain intact in these compouarts a slight
deviation is due to steric effects of substitutimgups.

2.The computational results of bond angles betwee®CB-C26 (117.1°), C3-N1-N2 (124.7°), N1-N2-C9 (1%

and C12-022-C27 (117.5 °) of RC show deviation frita bond angle as shown by Scridonesi. This due to
repulsion between non-bonded electrons, repulsietwden atoms or groups attached to central atom. On
replacement of —OCHgroup of RC by —OgHs —COOGHs5, -CH=CH-COOGHs and —CH=CH-COO#H,;
groups show bond angles between N1-N2-C9 and CBiAostly remain intact in these compounds (exaept
compd. no. 5) and a slight deviation is due toisteffects of substituting groups. The comp. non®ctyl-p-
azoxycinnamate, shows prominent deviation duediicshindrance of bulky —-CH=CH-COQI&;; groups.

3.Thus, results of computational calculations prowd&iable information related to crystographic stuve of the
compounds.
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