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ABSTRACT 
 

A novel homologous series of p-(p’-n-Alkoxy Benzoloxy) ter-Butyl Cinnamates was synthesized and studied for 

mesophase behavior dependence on molecular  structure. The nematogenic mesophase is exhibited from the 

Pentyloxy  to the last member hexadecyloxy derivative and  the smectogenic mesophase from the pentyloxy  to 

the tetradecyloxy member of the series. The nematic mesophase is of a threaded or Schlieren type, and the 

smectic mesophase is of a focal conic fan of the type A or C. Mesomorphic properties of the present novel 

homologous series are compared with other structurally similar homologous series. The average smectic and 

nematic thermal stabilities are 172.33 ºC and 202.14 ºC, respectively. Smectogenic phase lengths vary from 22 

ºC (C14)  to 58 ºC (C8)  and the nematogenic phase lengths vary from 10 ºC (C16)  to     50 ºC (C5). The series is  

partly nematogenic and smectogenic with considerable mesophase length. It is a middle ordered melting type 

series, whose relative group efficiency order for nematic derived. 
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I. INTRODUCTION 

 

The number of liquid crystals compounds consisted of 

rigid part as two or three phenyl rings bridged 

through central bridge or bridges and flexible part as 

varying left polar terminal, alkyl or alkoxy (1–10) end 

group keeping right terminal end group intact of fix 

polarity with or without lateral substitution . In 

continuation of the same, presently a homologous 

series with two phenyl rings bridged through  

carboxylate linkage and  ter-butyl  cinnamates  fixed 

end group with  n-alkoxy as left terminal end group, is 

synthesized to investigate the effect of varying 

molecular structure by varying molecular rigidity and 

flexibility on mesogenic property. The present 

investigation is planned with a view to establish and 

to understand the effect of molecular structure on 

liquid crystalline behavior of a substance.(11-15) 

 

II. EXPERIMENTAL 

 

Synthesis Experimental : 

(a) p-n-alkoxy benzoic acids  were prepared by the 

method of Gray and Winsor (16), Vora and Dave 

(17),Vogel (18). 

(b) p-hydroxy ter-butyl cinnamates is prepared by 

reacting p-hydroxy cinnamic acid with 

corresponding freshly distilled ter-butyl alcohol in 

presence of concentrated sulphuric acid mixture. 

(c) p-n-alkoxy benzoic acids dissolved in MDC with 

p-hydroxy ter-butyl cinnamates  is in  portions  

with DCC & DMAP as catalyst by stirring reaction 

mixture. (19-21) Products were 
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decomposed ,filtered, washed, dried and purified, 

till the constant  transition temperatures obtained.  

p-Hydroxy cinnamic acid, alkyl halides (R-X), ter-

butanol, KOH,   DCC,DMAP, MDC etc. required 

for synthesis were used as received except solvents 

which were dried and distilled  prior to use. The 

synthetic  route to the series is mentioned  below 

in Scheme -1   

(1) p – Hydroxy ter-butyl Cinnamates. 

 
 (Scheme -1) 

Characterization 

Some homologs as representative members of the 

series were selected for characterization of their 

structures by IR and 1HNMR techniques. IR spectra 

were recorded on Perkin Elmer spectrum GX and 

NMR were recorded using CDCl3 as solvent. 

Microanalysis was performed on Perkin Elmer PE 

2400 CHN analyzer. Transition and melting 

temperatures and liquid crystal properties were 

investigated by using optical polarizing microscopy. 

 

  Table 1. Elemental analysis for some derivatives. 

Sr. R = n-alkyl  Molecular Calculated  % Observed  % 

No.    chain 
Formula 

C H C H 

1 Propyl C23H26O5 71.87 6.77 71.33 6.90 

2 Pentyl C25H30O5 73.17 7.31 73.33 7.30 

 

 

Analytical Data 

NMR: in ppm. Octyloxy Homologue :   1.11 – CH3,  

3.99 – O CH2,   4.01 – O CH2 of  O CH2-CH2- , 4.44 and 

4.02 – OCH2 of C16H33,   5.64 & 5.8 –CH=CH- ,  6.89, 

6.92, 8.00,  –p-di-sub. phenyl  8.02 – p-di-sub phenyl 

two p-sub benzene. 

 

Decyloxy Homologue :  0.99 -CH3, 1.22  -CH2, 2.49 -

OCH2- CH2 , 3.5 ,3.31 – O CH2  of  -C8H17, 4.99 & 5.2 – 

CH=CH-  ,6.9 and 6.8 two p-di-sub phenyl ring, 7.85 

and 7.98, two p-di-sub phenyl ring. 

 

IR in cm−1. Hexyloxy Homologue : 2850 alkyl group, 

1100,1150, and 1730 COO ester group, , 860 p-sub 
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phenyl ring, 3000 aromatic ring, 1640 alkene group, 

750 polymethylene of C14H29  

 

Octyloxy Homologue: 2900.0 alkyl group, 1050,1150, 

and 1710  COO ester group, 850 p-sub phenyl ring, 

3080 aromatic ring, 1660 alkene group, 750 

polymethylene of C6H13, 

 

 

Table 2. Transition temperatures 

Sr. n-alkyl Transition temperatures in oC 

No. group Smectic Nematic Isotropic 

1 Methyl - - 215 

2 Ethyl - - 172 

3 Propyl - - 180 

4 Butyl - - 130 

5 Pentyl 119 142 192 

6 Hexyl 129 172 198 

7 Octyl 112 170 200 

8 Decyl 135 170 198 

9 Dodecyl 138 180 210 

10 Tetradecyl 178 200 215 

11 Hexadecyl - 192 202 

 

III. RESULT AND DISCUSSION 

 

4-Hydroxy cinnamic acid is dimeric, which on linking 

through the  nonmesomorphic ester component 

resulted in the formation of mesomorphic products. 

Pentyloxy to tetradecyloxy homologues are 

enantiotropic nematogenic and smectogenic manner, 

hexadecyloxy homologue is only nematic .. A phase 

diagram (Fig. 1) shows the number of carbon atoms 

present in n-alkyl chain of the left n-alkoxy terminal 

end group versus the transition temperatures (Table 2) 

of the homologues showing mesophase behavior of 

the novel series. A solid-mesomorphic transition 

curve follows a zigzag path of rising and falling values 

with alternation of transition temperatures and 

behaves in normal manner. The smectic-nematic 

transition curve initially rises and then descends after 

passing through a maxima and further rise at the last 

number homologue.  Hence, the smectic-nematic 

transition curve behaves in a usual manner. The 

nematic-isotropic transition curve descends as the 

series is ascended with a sudden steep rise at the 

hexadecyloxy homologue. The single curve 

propagated until the last hexadecyloxy homologue of 

the series and generally behaves in a normal manner 

except for the hexadecyloxy for the novel homologous 

series under discussion. Smectogenic phase lengths 

vary from 22 ºC (C14)  to 58 ºC (C8)  and the 

nematogenic phase lengths vary from 10 ºC (C16)  to    

50 ºC (C5).  respectively. The  novel series under 

present investigation is partly nematogenic and partly 

smectogenic and is of a muddle order  melting type. 

The methoxy to butoxy homologues sharply transform 

into isotropic state on heating and  cooling . The 

molecules arrange themselves in a statistically parallel 

orientational order under a floating condition with 

favorable molecular rigidity and flexibility, which 

causes the molecular disalignment on the plane of a 

surface at an angle less than 90◦ under the influence of 

suitable magnitudes of anisotropic forces of 

intermolecular adhesion resisting thermal 

environment. ,The remaining homologues, i.e., 
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pentoxy to hexadecyloxy of the novel homologous 

series resist externally exposed thermal vibrations for 

a definite range of temperature causing nematic 

and/or smectic mesophase formation by arranging the 

molecules as statistically parallel orientational order of 

molecular and/or in a sliding layered molecular 

arrangement in a floating condition. The butoxy, 

pentyloxy, and hexadecyloxy homologues do adopt 

only parallel orientational order of molecules within 

definite temperature range giving rise to only nematic 

mesophase formation, while the hexyloxy to 

tetradecyloxy homologues show a sliding layered 

arrangement of molecules due to the lamellar packing 

of molecules in their crystal lattices at first, for 

definite temperature range showing smectic 

mesophase formation and then they arrange 

themselves in a statically parallel orientational order 

in floating condition for another higher temperature 

range showing nematogenic mesophase formation 

[9,10]. Every substance does have the capacity to resist 

thermal vibrations exposed upon it up to a definite 

temperature, limit depending upon energy stored (_H) 

due to its mass and characteristics. However, since its 

heat resisting capacity crosses the limit, the molecules 

of a substance under thermal energy exposure loses 

intermolecular attractions and molecules are 

randomly oriented in all possible directions without 

any ordered manner. Thus, high order of molecular 

disorder or molecular randomness or entropy (_S = 

_H/T) occurs from and beyond isotropic temperature, 

i.e., mesophase formation destabilizes and ceases to 

appear. Thus, the thermal behavior of a thermotropic 

liquid crystal substance varies with temperature 

giving rise to various stabilized physical states of a 

substance. The molecular rigidity and flexibility are 

reduced or ineffective. The variations in mesomorphic 

properties from homologue to homologue in the novel 

homologous series are attributed to the gradual 

addition of -CH2- unit at the left n-alkoxy terminal 

end group keeping the right side laterally substituted 

almost equipolar and flexible groups that contribute to 

increased molecular polarizability and flexibility. Thus, 

the intermolecular adhering anisotropic forces of 

attractions are favorably enhanced to induce 

mesophase formation right from the first member of 

the series to the last member of the series. The 

mesomorphic behavior of the presently investigated 

novel series-1 is compared with structurally similar 

other known homologous series –A (22 ) as shown in 

Figure 2. The solid-nematic or isotropic transition 

curve follows a zigzag path of rising and falling 

 

 
Figure 2 

 

tendency as the series is ascended. The plot of the 

phase diagram (Figure 1) shows the presence of 

normal manner  in the smactic-nematic and nematic-

isotopic transition curve. Thus, the behavior of both 

smectic-nematic and nematic-isotropic transition 

curve of the present study suggests that, enthalpy 

change of the homolog from fifth up to hexadecyloxy 

homologue  decreases Hence, a low and a high value 

of enthalpy correspond to a low and a high amount of 

heat energy requirement (low and high temperature) 

from surrounding to system. The opposing effects to 

the molecular geometry of an ter-butyl terminal group 

operates (1) an effect due to widening of the molecule 

causing a reduction in the intermolecular adhesion by 

increasing the intermolecular  

 

Table 3. Thermal  stabilities  in ºC 

Series (1) (A) 

     Smectic-isotropic 

 

172.33 

(C5-C14) 

_ 

Commencement  of 

Smectic phase 

C5 _ 
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Nematic-isotropic 202.14 

(C5-C16) 

190.57 

(C5-C16) 

Commencement  of 

Nematic-phase 

 

C5 

 

C5 

 

distance and on the other hand (A) increased 

molecular width, increases molecular polarizability 

causing an increase in the intermolecular adhesion. 

Thus, closeness of molecular packing depends upon 

the net resultant intermolecular forces of attractions, 

which depend upon the predominating effect out of 

two opposing effects (1) and (A). In the present study, 

the latter effect is a predominating effect. Table 3 

summarizes the average thermal  stabilities and 

molecular structure of the present series and other 

structurally related series A chosen for comparative 

study. The molecular geometry of all the homologous 

series under comparison consists of two phenyl rings 

linked through a carboxy or a vinyl carboxy ester 

central linkage with n-alkoxy group at the left 

terminus and –CH=CH-COO-C(CH3)3 (ter) and -

COO–C(CH3)3 (ter) at the right terminus for series (1) 

and (A)  respectively. The variation in the 

mesomorphic characteristics can be attributed to the 

combined effect of the presence of central ester and 

different right terminal groups, which have different 

molecular rigidity and flexibility related to molecular 

polarity and polarizability for the formation of 

mesophase [13,14]. On comparing the mesomorphic 

characteristics of series (1) with series A, it is observed 

that, the homologous of both the series differing in 

respect of central bridge only are enantiotropically 

nematogenic. Introduction of a polar ter-butyl group 

at the terminal position with -COO–C-( CH3)3 in 

series-1 and  Series-A enable considerable and 

significant anisotropic forces of attraction of suitable 

magnitude for pentyloxy to hexadecyloxy homologs, 

which serve to stabilize statistically parallel 

orientational order of molecules by end-to-end 

attractions conducive to the formation of a 

nematogenic mesophase. This effect persists even in 

the homologs with long n-alkoxy groups. Comparison 

of series-1 with series-A indicates that the series-A 

has an isobutyl group at the right terminal with a 

vinyl carboxy central group while series-A has ter-

butyl terminal group with a carboxy  group. The 

flexible straight chained ter-butyl group with –

CH=CH-COO-  group in series -1 adds the formation 

of smectic mesophase due to enhanced lateral 

attraction in addition to terminal attractions, which 

facilities lamellar packing required for the formation 

of higher temperature smectic and nematic  

mesophase (1). Thus, series-1 is exhibits smectic and 

nematic  but series-A exhibits  only  nematogenic 

character. The nematic thermal stability of series-A 

being lower than series-1 is understandable because of 

the difference in terminal attractions arising from the 

–CH=CH-COO- and -COO-  groups. 

 

IV. CONCLUSION 

 

The study suggests that a polar substituent at a 

terminal position in a homologous series with present 

molecular geometry gives rise to the exhibition of a  

smectogenic and nematogenic mesophase. Moreover, 

the presence of a vinyl carboxylate unit at a central 

and/or a terminal position favorably induce a higher  

temperature smectogenic and  nematogenic 

mesophase. 
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Homologous Series :    p -(p′-n-alkoxy benzoyloxy) ter-butyl Cinnamets 

 

 

 

COO  RO  CH=CH-COOC4H9 (ter)  
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 Figure 1.  Phase Behavior of Series 
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