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ABSTRACT

Two long serieses containing azomethine , esters groups and three aromatic rings with CH; and COCH3 on one
side of series| and Il respectively and thio alkyl group on the other side of both series, have been synthesized and
identified by IR , 'H-NMR and elemental analysis. The mesomorphic properties of these compounds were
investigated via differential scanning calorimetry and polarizing optical microscopy, and are discussed the effect of
length of the thio alkyl and the type of the terminal groups on the mesomorphic properties.
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INTRODUCTION

Liquid crystalline behavior of an organic compousassentially dependent on its molecular strucauchitecture,

in which a slight change in its molecular geométriypgs about considerable changes in its mesomogpbperties.

Detailed studies by liquid crystal researchers hadeto empirical rules , on of which includes #ifect of the

chemical constitution in the formation of nematageand smectogenic mesophases [1].Terminal grodp ao
molecule play an important role in mesomorphic prtips of a mesogen.Generally , the terminal suiesit's such

as alkoxy , alky,l thio alkyl ,cyano and halogen3] of different homologous series with differemiolecular

structures were synthesized by many researcheisraarorder to establish relations between mdl@catructure

and mesomorphic properties [4].Recently ,a largenlver of studies have been carried out on Schiélesters duo
to their interesting properties[5-8] .

In our work, we have introduced two serieses ofstiied aromatic Schiff bases :

0]
1}
OH

n=1-10
[I] TOSRnN
3-hydroxy-4-((p-tolylimino)methyl)phenyl-4-(alkylth io)benzoate

Q Q
H2n+1CnSOC—OQCH=NOC—CH3
OH

n=2-6,8 [ll] COSRn
4-(( 4-acetylphenylimino)methyl)-3-hydroxyphenol-4¢alkylthio)benzoate
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Our intention is to describe the mesomorphic priger observed in  relation to
the molecular structure of these Schiff bases amdng special attention to effect of the lengthtlodé terminal
thioalkyl on one side of the chain and the typsudistituent on the other side on the mesomommioigerties.

MATERIALS AND METHODS

These compounds were characterized by elementbisisia infrared spectral data afd NMR  spectral data .
Infrared spectra were recorded as KBr pellets @uek — M500 spectrometel-NMR spectra were recorded on
Bruker — 300 using CDglas a solvent . Elemental analysis was performedEoro Vectro EA 3000A .

The phase transitions were observed with a Leitaotlax 12 Pol optical microscope with polarizedhlign

conjunction with a leitz 350 hot stage equippedhvétVario — Orthomat camera of transition tempeestuere
made using a Shimdzu 24 DSC - 50 differential scancalorimeter with a heating rate of°@0min™.

RSOCOOH

(1)

R=CnH2n+1
2.4-di hydroxybenzaldehyde,

DCC,DMAP,Str.24h
i i
RSOC—O C—H
OH
(2)
p-acetophenon p-Toluidine
Ethanol Ethanol
HAC HAC
i i 2
RSOC—OQ&=NOC—CH3 Rs@C—OQﬁ=NOCH3
OH OH
(4) (3)
COSRn
(1] (]

Scheme 1: Synthesis steps of prepared compoundssiries | and Il
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Procedure for synthesis of compounds

Synthesis of thioalkyl benzoic acid1)

Solutions of 4-mercapto benzoic acid (10mmol)in deghanol (50ml)and of KOH (20mmol)in dry
ethanol(50ml)were magnetically stirred with simokaus drop-wise addition of 1- bromo alkane (10mnilod¢
reaction mixture was refluxed for 24h and allowedcome to room temperature The alkoxy potassiuis salis
obtained was separated out by filtration underisocand treated with dilute HCI until the pH of theaction
mixture reached ~2.The crude solid white produd filtered off , washed thoroughly with water aegdnystallized
successively from solution of ethanol[9].(Schemel)

Synthesis of esters (2)
Esters were synthesized by a modification of aditere method [10}Schemel)

Synthesis of Schiff bases (3 and 4)

Absolute ethanolic solution(10 mmol) of estertloe prepared compound (2) and (10 mmol) of tohgdind para
amino acetophenone to get series | and seriespentively. The mixtures were stirred for 2houterathe addition
of a few drops of acetic acid and the resultantittmis was left at room temperature[11].The miccoystalline
yellowish colored products were filtered and veabkvith ethanol and recrystallized from hexai$&hemel)

RESULTS AND DISCUSSION

Characterization
The presented compounds (series | and Il) wereactenized by elemental analysis and various spsmipic

consistent with their proposed structures(tabled13n

Table 1:Elemental analytical data (calculated valuén parentheses) and the most relevant IR data facompounds in series |

— -1 —

Compound Molecular %C %H %N 0ws | C=Ocm CH—_{\J
Formula Ester cm

TOSR, CoH1sONS 70.02 | 5.03 3.71 8.48 1730 1622

(70.32) | (5.04) | (3.82) | (8.53)
7058 | 537 | 358 | 8.18
(70.32) | (5.31) | (3.39) | (8.37)
7159 | 596 | 3.34 | 7.63
TOSR: | ColONS | 7100 | (e.0a) | (3.30) | (768)| 1720 1622
7248 | 648 | 3.05 | 7.15
TOSRs | CoHaONS | 75700 | (6.41) | 3oy | 7y | 1731 1620
7288 | 6.72 | 3.03 | 6.94
TOSR; | CuHsONS | 75'eo | (67g) | (3.14) | (o.83)| 1730 | 1622
7326 | 694 | 294 | 6.73
(73.49) | (6.94) | (2.19) | (6.70)
7395 | 7.35 | 2.78 | 6.36

TOSRyo Cs1H3/0sNS 73.43)| 7.27)| 2.73) | (6.39) 1730 1623

TOSR: Cz3H2103NS 1730 1622

TOSRg CuoH3303NS 1730 1622

Table 2:Elemental analytical data (calculated valuén parentheses)and the most relevant IR data forampounds in series Il

— -1 — -1 —
Compound Molecular %C %H %N %S C=0cm C=0cm CH—J\I
Formula Ester Ketone cm

68.73 | 5.01 | 3.34 7.63
68.42) | (5.09) | (3.31) | (7.74)| 1720 1674 | 1625
69.28 5.31 3.23 7.39
COSR; CasH2304NS (7055) | (5.21) | (3.27) | (7.27) 1730 1674 1625
70.28 5.85 3.03 6.94
COSRs CoH270NS (70.42) | (5.77) | (3.07) | (6.92) 1730 1674 1625
7157 | 6.56 2.78 6.36

(71.37) | (6.51) | (2.67) | (6.25)

COSR, Co4H2:0:NS

COSRs CsoH3304NS 1730 1674 1625

The™H-NMR data of the compounds in series | and Il gikdinite evidence for the molecular structuresb(€&3
and 4 , Figure 5 and 6).
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Table 3 :*H-NMR data for compounds in series | (ppm)
Compound OH CH=N AF;?OT;:? Aliphatic protons
13.60 8.62 6.79-8.02
TOSR; SaH) | (5.1H) | (m.11H) 2.54 (S, 3H,CH), 3.10 (S, 3H,CH
13.80 8.62 6.79-8.09
TOSR; SaH) | (.1H) | (m.11H) 1.38 (t, 3H, CH), 2.38(S, 3H, Ch), 3.02(q, 2H,SCh)
13.80 8.62 6.78 — 8.09
TOSR; (S.1H) (S.1H) (m, 11H) 1.15(t, 3H, CH), 1.74 (Sex, 2H, C}), 2.37(S, 3H,CHh), 3.00(t, 2H, SCh)
TOSR. 13.80 8.62 | 6.78-8.09| 0.78(t, 3H, CH), 1.49(Sex, 2H, CH, 1.70 (P, 2H, Ch), 2.36(S, 3H, Ch), 3.00(t, 2H,
(S, 1H) | (S, 1H) (m,11H) SCH,)
TOSR 13.80 8.62 6.78-8.07 | 0.87 (t, 3H, CH), 1.45 (Hextet, 2H, CH), 1.71(p, 2H, CH), 2.37(S, 3H, Ch), 3.00(t, 2H,
5 (S,AH) | (S,1H) | (m, 11H) | SCHy)
TOSR 13.75 8.62 6.78 — 8.07 | 0.87(t, 3H, CH), 1.28-1.47 (m, 8H, (Chh), 1.46(P, 2H, Ch), 1.71(P, 2H, Ch), 2.37(S,
8 (S, 1H) | (S,1H) | (m,11H) | 3H, CHy), 3.00(t, 2H, SCh)
TOSR 13.80 8.62 6.78-8.07 | 0.87 (t, 3H, CH),1.20-1.50(m, 8H, (Chs, 1.45(p, 2H, Ch), 1.70(p, 2H, CH), 2.37(S, 3H,
° (S,1H (S,1H (m, 11H) | CHy), 3.00 (t, 2H, SCh), ,
TOSR 13.80 8.62 6.78-8.07 | 0.87 (t, 3H, CH),1.20-1.50(m, 8H, (Chls, 1.45(p, 2H, CH), 1.45(p, 2H, CH) , 2.37(S, 3H,
10 (S,1H (S,1H (m, 11H) | CHy), 3.00(t, 2H, SChH

a b C d ? o
Hal HaC HaC HuC s—@—é—o—QCH#@—CH] z
H

ArH
, c b | CH-N a
|| | |
l| _||'I'| II.l | il
I’ : ) a4
3.3 a8 X 28 =4 =0 - P na v 1.6 [r—— C
5 OH = | b
| | ] ﬂ__l | “_
17 16 15 14 13 12 11 10 a9 8 T 6 5 4 e | 2 1 0 ppm

r-
s
=

20
3.05
210
220
3.00

Figure 5:*H-NMR for TOSR 4, with expansion for aliphatic protons

Table 4: *H-NMR data for compounds in series 1l(ppm)

Compound OH CH=N AF:'(,)OT:;LC Aliphatic protons
COSR, | 13.30(S,1H)| 8.62(S,1H 6(}?1‘,51‘&1)2 0.95 (t, 3H, CH)), 2.60(S, 3H, COCH), 3.00(t, 2H, SCh)
COSR; | 13.80(S,1H)| 8.62(S,1H) 6(:]?1?}'%9 1.15 (t, 3H, CH), 1.74(Sextet, 2H, CH, 2.37(S, 3H, COCB), 3.00(t, 2H, SCh
COSR 13.20(S,18 | 8.62(S,1H), (S(r?]zl—fH(;Q gg(s)(t(tziiHS%% 1.49(Sextet, 2H, CH, 1.70(P, 2H, Ch), 2.60 (S, 3H, COCH),
COSR: 13.3(S1H | 8.62(S,1H) ?r?oﬁl—})z ?;g?}(;) g%b(f%)ﬁ,lsls(g)llﬂ(m’ 4H, (Chk), 1.70(p, 2H, ChH), 2.60 (S, 3H,
cosn._ | 19mntsan| seatsan | SIS0 | 957 S O 20 S0 A (OB 145621 CA, 172, 1
COSRs | 13.21(S.1H)| 8.62(S.1H) 6(;?,01%3)6 gﬁ?(:(ggl:é,)’%}%b%t.’zggvrmég% (Ch)s, 1.66(p, 2H, Ch), 1.73(p, 2H, Ch), 2.61(S,
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Figure 6:'"H-NMR for COSR; with expansion for aliphatic protons

Mesogenic behavior

The mesogenic properties of the prepared compoweds investigated by polarized optical microsc&®i)and
differential scanning calarimetry (DSC). DSC thegraims of the compounds were measured by heatiegnas
10°C/min .The phase transition temperatures of thepoomds are summarized in table 5 and 6 .The tathesvs
that all synthesized Schiff bases exhibit mesogkelavior .

Table 5. The phase transitiondsemperatures (C) of series [1] and associated enthalpy data (kjlol) in parentheses

~ Phases o ATw
Compound | Transition Temperatures "C
Tosr, | N 1231%'.%(?312)) 1200
Tosr, | N 1%2'39086&52?) 1150
TOSR, i,’;‘ 1212611'.97((31?7%%) 1078
Tosre | TN | Dnaas | %41
Tosr, | N 122119;.47((21?'2516;) %23
Tosr, | N 12%%?9((31?'5995)) 591
Tosr, | N 11%%.76(33?'752‘;) 549
Tosr, | N 11155?&;-2872)) 784
TOSRs (,:\lh\l 110873..‘%(22?-3476;) 760
Tosr, | <N 11%3%?1(?2%785)) 632

Cr:Crystals, N:Nematic , 1so: Isotropic , ATy Nematic thermal range
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The mesogenic Schiff bases (series | and 1) hayle molecular lengths coupled with extension of ¢bajugation
through the ester linker and azomethine group itltieases the electronic polarizability of the ewnile.These two
effects cause an increase in the anisotropy optterizability of molecules with three aromaticg,that enhance
the molecular interactions and then liquid- crystalproperties[1,12].

In series | all the compounds showed Nematic pbase(table.5, figure.1), The larger size of suliom prevents
the alkyl chains from getting as close togethethag do in the compounds which substituted wittoajkchain[13],
this cause a reduction in their mutual interactioasd , consequently, lowering the melting pointkis reason

makes it difficult for the molecules to be gatherédl form more organized liquid crystalline phase
(Smectic phase.)

The compounds which have the similar molecularcstines[14] to our compounds subsituided with ajkox
group(OR) exhibit asmectic and nematic phases mpesed to our compounds which are substituted i

alkyl group (SR) exhibit only Nematic phase .Thauld be explained as a result to the bigger sizesutfur
atom[13].

DSC Amimg)
g4 Texo

L‘\ heating

o e P R

Tf\ﬁ 1
_2 o
ke N 150

-84

-g

50 100 150 200
Temperature ~C
Mah  X006-0 1053 User: DSC

Fetrurment : NETZSCHOSC204 F1 Rle @ Oidatadstasnew 8-20090C 0C\Shamearmia-201008 dd3

250 300

Cr:Crystals, N:Nematic, so: Isotropic

Figure 1. DSC thermogram of TOSR during heating cycle
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Figure 2. Phase transition temperatures as a funain of the thioalkyl chain length for serieslI].

The lowering of the nematic —isotropic transitidemperatures and the thermal stability of Nempliiase with an
increase in the length of thio alkyl chain couldeb@lained by the length of the alkyl chain affeztsthe length to
width ratio in the mesogen ,as the length of tlieylachain increases , the lateral attraction @ases
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too*>.However , the terminal attraction becomes reléfiveeaker as the flexibility of the molecule incses ,
which causes a reduction in the Nematic phasdigtdth5] as shown in Figure 2.

In series Il, however, all the compounds are mesphio and the type of mesophase depends on théhlefighe
terminal chain (table.6and figure 1).A Nematic ghags found for the terminal chain n=2.When thenisal

chains had n=3,4,5, the compounds presented Smeeticwell as Nematic phase .Finally , for the lestgchains
n= 6and8 ,only Smectic A phases are observed.

Table 6. The phase transitionsemperatures(C) of series[ll] and associated enthalpy data (kinol) in parentheses

Phases
Compound | 1 ition Temperatures °C ATs | ATn
C-N 173.2(30.25)
COSR. N-I 240.5(2.61) ) 67.3
C-S 144.1(32.80)
COSR; S-N 200.0(1.35) 55.9 37.0
N-I 237.0(1.21)
C-S 139.0(34.10)
COSR, S-N 203.0(1.60) 64.0 27.0
N-I 230.0(1.59)
C-S 123.7(36.23)
COSRs S-N 202.0(2.72) 78.3 26.0
N-I 228.0(2.27)
C-S 135.0(38.28)
COSRs S-l 223.0(2.81) 88.0 )
C-S 119.4(40.45)
COSRs S-l 223.8(2.91) 10441 -
Cr:Crystals, N:Nematic, Ss:Smectic A, Iso: Isotropic, 4Ts: Smectic thermal range ATy : Nematic thermal range
DSC /(uvima)
T exo
=11
heating
lﬂ. m
-2
Cr R M [50
-3
_4-
_5 -
_5 -
_? -
-84
50 100 150 200 250
Temperature /°C
Man  201-Q2-08 1233  User: Aomirisrsor
Mnt: NETZSCHOSCXOFS Pl : C-.}E:n\.!'I*.-z-:‘azs-:'-e'ns'.r.-'ooﬁé :H

Cr:Crystals, Sy Smectic A ,N:Nematic, Iso-:'l'sbtrop-ic
Figure 3. DSC thermogram of COSRduring heating cycle
The difference between series[l] and series [I} be attributed to the carbonyl group at the teainaf molecule
which have dipole moment across the long axis ofemde and this type of dipole moment enhance #berdl

attraction forces between the side ends of the cotds and then enhances the Smectig Base to appear in the
compounds of series 11[16].
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Under polarizing optical microscopic the Nematiaph reflects the marbled texture on heating andttdieren
texture on cooling. The Smectig(Sphase was clearly characterized by its typicabfaonic textures texture in
heating and batonnets in cooling(Fig.4).

Figure 4. A:. focal conic texture of the smectic An heating of COSR,, B: batonnets texture for smectic A phase in coalg for
COSR;,C:Marble texture for Nematic phase in heating forTOSR,, D: Marble texture for Nematic phase at the beginimg of melting
point for TOSR4,E. Schlieren texture for Nematic phase in coolinfpr TOSR;

CONCLUSION

New Schiff bases mesogenic compounds with thioatkgup were synthesized. The study indicated that t

change in the length and type of terminal groupecéf on the mesomorphic properties of the mesageni

compounds.
REFERENCES

[1] G.W. Gray.molecular structure and the properties of liquid crystals, 2rd ed; academic press , Londb862
[2] G, Yeap, H,T.L. Lim,p.BoeyLiquid crystals. 2006a, 33,2,205-211.

[3]H.T. Sie,L. Ong,J.Wong,Y.Yeap,H.Lin,S.Ongantwhse transition. 200982,387-397.

[4] H .Kelker, B .Scheurie, A.AngevChem.Int.Edn.19698,884-885. ,

[5] P,M;,J;Zuniga,C;Soto,E,Sierra ,T; Serrand.id.Cryst.200432,457-462

[6] G.Y. Yeap, S. Ha, P .Lim.,L.Boey , P.Mahmood, V8s|tM. Sanehisavol.Cryst.Liq.Cryst . 2004 423,73-84.
[7] B. Eran; A .Nesrullajev, N.Canlat.Chem.Phys.2008111,555-558.

[B] H.T .Sie, L. Ong,.k. Sivasothy, Y. Yeap, G. Lin, ke, S.Boey, P. Bonde.Imt&tional Journal of the Physical
Sciences . 20105,564-575.

[9] E .Campillos,M.Marcose,J.SerrarldMater.Chem.19933,1049-1052.

[10]10.U.J.Al-Hamdani, E .Tarik, H HamedMVolecules.201015,5620-5628 .

[11]H.T. Sie, Y .GuanAustralian Journal of Basic and Applied Sciences.20093,.3417-3422.

[12]E. Smits.J.Engbertdlol.Cryst.Liq.Cryst.1995260,185-199.

[13]U.J.Al-Hamdanilnternational Journal of Molecular Science..2011,12,3182-3190.

[14]R.A .Vora, A .PragapatBull. Mater .&ci. .200225,4,355-358.

[15]J.C. Peter,.H, Michaelntroduction to liquid crystals, 3rd ed; Taylor and Francis ,UK and US804
[16]S.Jayrang.M.Meerd&ull.Mater.Sci.200023,237-238.

1529
Pelagia Research Library



