
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 20 February 2013, At: 13:21
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Thermotropic Compounds
with Two Terminal Mesogenic
Units and a Central Spacer.
51. Homologous Series of
Polymethylene-α, ω-Bis (p-
Oxybenzylidene Aniline)
Jung-Il Jin a & Joo-Hoon Park a
a Department of Chemistry, College of Sciences
Korea University, 1-Anam Dong, Seoul, 132, Korea
Version of record first published: 20 Apr 2011.

To cite this article: Jung-Il Jin & Joo-Hoon Park (1984): Thermotropic Compounds
with Two Terminal Mesogenic Units and a Central Spacer. 51. Homologous Series of
Polymethylene-α, ω-Bis (p-Oxybenzylidene Aniline), Molecular Crystals and Liquid
Crystals, 110:1-4, 293-308

To link to this article:  http://dx.doi.org/10.1080/00268948408074511

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948408074511
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
21

 2
0 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst. 1984, Vol. 110, pp. 293-308 
0026-894 1 /84/11044293/$18 S O / O  
0 1984 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

THERMOTROPTC COMPOUNDS WITH TWO TERMINAL MESOGENIC 

UNITS AND A CENTRAL SPACER. 5 l .  HOMOLOGOUS SERIES 

OF POLYMETHYLENE-a, U-BTS(P-OXYBENZYLIDENE ANILINE) 

JUNG-TL JTN and J00-HOON PARK 
Department of Chemistry, College of Sciences 
Korea University 
1-Anam Dong, Seoul 132, Korea 

Two series of new thermotropic compounds with two 
terminal mesogenic units, p-oxybenzylidene-p-substi- 
tuted anilines, attached to both ends of  a central 
polymethylene spacer were prepared. The first 
series of compounds has central polymethylene spa- 
cers of varying length, while the second has differ- 
ent substituents on the aniline moiety of the meso- 
genic groups which are bracketing the central deca- 
methylene spacer. The mesomorphic properties of 
the compounds were investigated by differential 
scanning calorimetry and on the hot-stage of a 
polarizing microscope. A thermodynamic analysis of 
the phase transitions of the compounds was made and 
the results are explained in relation to their 
structure. 

1. INTRODUCTION 

Among the many different types of nonamphiphilic liquid cry- 

stalline compounds , those of low molecular weight com- 
pounds consisting of two terminal mesogenic units attached 

to both ends of a central, flexible spacer have particularly 

interesting thermotropic properties. There are two main 
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294 J.-I. JIN AND J.-H. PARK 

reasons for the growing interest in these compounds: one is 
the possible development of new liquid crystalline compounds 

with a wide mesophase temperature range, and the other is 

that the compounds may be taken as models for thermotropic, 

main chain polymers which contain mesogenic units intercon- 

nected through flexible spacers. 

Recently we reported the synthesis and thermotropic 
L 

properties of a ,  c+bis(p-phenoxycarbonylphenoxy) alkanes 

and a ,  c+bis(4-nitrobenzoyloxyphenoxy) alkanes , These com- 

pounds have aromatic-ester-type mesogenic units bracketing a 

central polymethylene spacer. The phase transition behavior 

of the compounds was strongly dependent on the nature of the 

terminal substituents and the length of the spacer. 

3 

In the present investigation, in order to obtain fur- 

ther understanding of the structure-property relationship 

of liquid crystalline compounds, we have prepared two 

different series of compounds, Series I and 11, shown 

below. Their the] .Yi  transitions and thermotropic properties 

were studied by differential scanning calorimetry (DSC) and 

on the hot-stage of a polarizing microscope. The struc- 

tures and designation of the compounds are as follows: 

C~H~O@N=CH@-O- (cH~) n-~@-~~=~@-~~2~5 

x u u  o N=CH o o-(cH~)~~-o@cH=N~x 

Series I, n = 2-10 ( 1-2 - 1 -10) 

3 Series 11, X = H(I1-H), CH (11-CH ),OCH 3 3 

(II-OCH3), OC2H5 (II-OC2H5), 

Br(I1-Br) , CN(I1-CN) , 0 
II 

NO 2 (11-NO2), and OCCH3 

(II-O~CCH~). 
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POLYMETHYLENE-CY, W-BIS(P-OXYBENZYLIDENE ANILINE) 295 

2. EXPERIMENTAL 

2.1. Preparative Method 

The compounds of Series I and I1 were prepared in two steps: 
the first step involved reacting p-hydroxybenzaldehyde with 

an a ,  o-dibromoalkane in N,N-dimethylformamide in the pre- 

sence of sodium carbonate, producing polymethylene-a, m-bis- 

p-oxybenzaldehyde (I). In the second step, compound I was 

reacted with a p-substituted aniline in ethanol to obtain a 

Schiff-base-type product. Since an identical synthetic 

method was employed for the preparation of Series I and I1 

EtOH 

reflux 
X-Series I and I1 compounds 

compounds, only a representative method is given. Because 

11-0 CCH was synthesized in three steps, the third step 

used in its preparation is described in the next subsection, 

2.2. 

2 3  

In a typical synthesis, 4-hydroxybenzaldehyde (6.1 g; 

0.05 mole), 1,6-dibromohexane (6.1 g; 0.025 mole) and anhy- 

drous sodium carbonate (6.6 g; 0.066 mole) were placed in a 

three-necked, round-bottomed flask equipped with a stirrer, 

nitrogen inlet and a water-cooled condenser. Dry N,N- 

dimethylformamide (14 mL) was mixed with the reactans in the 

flask. The reaction was conducted by refluxing the mixture 

under a nitrogen atmosphere for four hours. Afterwards, the 

reaction mixture was poured into 500 mL of water. The 

precipitate was collected by filtration and washed with 
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296 J.4. JIN AND J.-H. PARK 

water. After being dried, the crude product of hexamethy- 

lene-1,6-bis-p-oxybenzaldehyde, I, was recrystallized from 

absolute ethanol. The yield was 70 wt. %; the m.p.(llO- 

111 C) of the compound was close to that reported in the 

literature . 
0 

6 

A portion of product I thus obtained (2.28 g; 0.007 

mole) and p-ethoxyaniline (1.92 g; 0.014 mole) were dis- 

solved in 10 mL of ethanol in a three-necked, round- 

bottomed flask and the mixture refluxed for four hours 

under a nitrogen atmosphere. The mixture then was cooled 

to about 5OC and the precipitate collected by filtration. 

TABLE I The yields and results of elemental 
analysis of compounds I. 

a 
Designation Yield, Elemental analysis, wt. % 

wt. % C H N 

1-2 76 

1-3 82 

1-4 80 

1-5 78 

1-6 72 

1-7 71 

1-8 73 

1-9 72 

1-10 83 

75.11 (75.57) 6.26 (6.34) 5.13(5.51) 

75.76 (75.84) 6.55 (6.56) 5.34 (5.36) 

76.05 (76.09) 6.89 (6.76) 4.96(5.22) 

75.81(76.34) 7.11(6.96) 4.99(5.08) 

76.60(76.57) 7.53(7.14) 4.68(4.96) 

76.77(76.79) 7.54(7.31) 4.69(4.84) 

77.09 (77.00) 7.80(7.48) 4.65 (4.72) 

77.20(77.19) 7.89(7.64) 4.94(4.62) 

77.35 (77.38) 7.96(7.79) 4.42(4.51) 

a .  The values in the parentheses are theoretical ones. 
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POLYMETHYLENE-CX, U-BIS(P-OXYBENZYLIDENE ANILINE) 297 

TABLE I1 The yields and results of elemental 

analysis of compounds 11. 

Designation Yield, Elemental analysis, wt. %a 

wt. % C H N 

72 81.13(81.17) 7.69(7.57) 5.17(5.26) 

78 81.49(81.43) 8.02(7.86) 4.88(4.99) 

82 76.85 (76.99) 7.81 (7.48) 4.76 (4.73) 

76 69.35(69.44) 6.14(6.15) 8.94(8.99) 11-NO 

11-CN' 73 78.52 (78.35) 6.68 (6.53) 9.39(9.62) 

II-02CCH 75 74.33(74.07) 6.98(6.79) 4.17(4.32) 

11-OC H 83 77.35 (77.38) 7.96(7.79) 4.42 (4.51) 

80 62.50(62.62) 5.36 (5.54) 3.90(4.06) 11-Br 

b 11-H 

3 

11-OCH 

11-CH 

C 

3 

2 

3 

2 5  
b 

a. The values in the parentheses are theoretical ones. 11-Br 

was found to contain 25.38 wt. % B r .  It's theoretical 

Br content is 23.19 wt. %. 

Compounds were recrystallized from chloroform. 

Compounds were recrystallized from toluene. 

b. 

C. 

The precipitate was thoroughly washed with chilled 95% 

ethanol. The product, hexamethylene-1,6-bis(p-oxybenzyl- 

idene p-ethoxyaniline) ( I - 6 ) ,  was recrystallized from 

toluene. The yield was 72 wt. % (Table I). 
The structures of the series' intermediates, I, were 

confirmed by comparing their melting points with literature 

values, elemental analysis, and their IR(Perkin Elmer 710B) 
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298 J . 4 .  SIN AND J.-H. PARK 

and NMR(Varian Associates EM 360A) spectra. The structures 

of the Series I and I1 products were verified by their IR 
spectra and elemental analysis (Tables I and 11). 

2.2. Preparation of  Decamethylene-1, 10-bis(p-oxybenzyl- 

idene p-acetoxyaniline), II-02CCH3 

Decamethylene-1,lO-bis(p-oxybenzylidene p-hydroxyaniline) 

(3.0 g; 0.005 mole), prepared by the same method as describ- 

ed above for the synthesis of compound 1-6, was dissolved in 

a mixture of pyridine (10 mL) and acetic anhydride (1.09 g; 

0.010 mole). The mixture was refluxed for two hours. After 

being cooled to room temperature, the mixture then was 

poured into 1 L of water. The precipitate was thoroughly 

washed with water. After being dried, the product, 

11-0 CCH3, was recrystallized from toluene. 

75 wt. % and the m.p. of the compound was 161 C. 

The yield was 
0 

2 

2.3. Study of the Thermal and Optical Properties of the 

Compounds 

The thermal behavior of each compound was studied on a du 

Pont 910 DSC instrument. The DSC thermograms were obtained 
under a nitrogen atmosphere at heating and cooling rates of 

10°C/min. 

both on heating and cooling, using an ordinary capillary 

melting point apparatus. Thermodynamic parameters for the 

phase transitions were obtained from the areas of transi- 

tion peaks on the DSC thermograms, indium being used as the 

standard for calibration. Optical textures of the melts 

and thermal behavior of the compounds were further examined 

on the hot-stage(Mett1er FP-5) of a polarizing microscope 

(Leitz, Orthoplan). 

Phase transitions also were observed visually, 
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POLYMETHYLENE-(Y, W-BIS(P-OXYBENZYLIDENE ANILINE) 299 

3. RESULTS AND DISCUSSION 

3.1. Synthesis and Identification of the Compounds 

The yields and results of elemental analyses of the Series I 
and I1 compounds are given in Tables I and 11. The yields 

reported in the tables are for the final steps, from the 

corresponding polymethylene-ol, c+bis(p-oxybenzaldehyde) (I) 

to the products. The yields are,in general, 70-80 wt. % 

after recrystallization. The results of the compounds' 

elemental analyses are in good agreement with calculated 

values. Their structures were further confirmed by their 

IR spectra. 
strong IR absorptions at about 1620 Cm for the =C=N- 

stretching vibration and around 1160 Cm for the 

-C-0-Ar bending vibration. 

All of the compounds exhibited relatively 
-1 

-1 
I 

I 

3.2. Mesomorphic Properties of the Compounds of Series I 

In this series, the length of the central polymethylene 

spacer was varied and its effect on the thermal and liquid 

crystal properties of the compounds was studied. All of 

the compounds of Series I reversibly exhibited two transi- 
tions, one for melting and the other for the transition 

from nematic to isotropic phases, both on the heating and 

the cooling cycle of the DSC analysis. They formed nematic 

phases upon melting. This was determined by their Schlieren 

textures observed on the hot-stage of a polarizing micro- 

scope. 

phase transitions showed that the nematic phases were 

enantiotropically formed. 

DSC analysis and.microscopic observation of the 

The transition temperatures for melting (Tm) and those 

for nematic phase t o  isotropic liquid (Ti), recorded in 
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300 ].-I. JIN A N D  1.-H. PARK 

TABLE I11 Thermodynamic data of Series I compounds. 

Desig- Tm, Ti, AT, AHm, AHi, ASi, AHi/AHm, 

nation O C  0 c 0 c KJ/mole KJ/mole J/mole°K 2 

1-2 2 3 3  2 8 5  

1-3 1 7 5  186 

1-4  2 1 6  2 6 3  

1-5 183 2 0 0  

1-6 2 0 5  2 3 5  

1-7 1 6 9  1 9 6  

1-8 1 9 6  2 1 6  

1-9 1 6 1  1 8 7  

1-10 1 9 0  202  

5 2  

11 

4 7  

1 7  

30 

27 

2 0  

26  

1 2  

4 9 . 7  7 . 4  1 3 . 2  1 4 . 8  

38.3 2 . 1  4 . 4  5.4 

4 4 . 4  6 . 9  1 2 . 9  1 5 . 4  

3 8 . 2  2 . 2  4 . 7  5.8 

5 7 . 7  6 . 7  13.1 11.5 

4 3 . 9  3.3 7 . 0  7 . 4  

5 5 . 7  6 . 4  13.1 11.5 

4 7 . 6  3 .5  7 . 6  7 . 4  

6 7 . 4  5.8 1 2 . 3  8 .6  

Table 3, were obtained from the heating cycles of the DSC 

analyses and are represented in Figure 1. The values of 

both Tm and Ti tend to decrease in a regular, zig-zag 

fashion with the length, n, of the central polymethylene 

spacer. Such a pattern of regular change has often been 

observed in compounds consisting of central mesogenic 

structures having varying lengths of terminal alkyl 

groups 4 7 7 , s  

Even though their crystal structures are not known, it 

is reasonable to assume that having an even-numbered poly- 

methylene spacer favors a more efficient packing of the 

molecules in the crystal lattice, as observed in n-paraffins. 

This may be the reason why the compounds with even-numbered 
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POLYMETHYLENE-(Y, w-BIS(P-0XYBENZYLIDENE ANILINE) 301 

V 
o 250 

w rx 
3 

3 200 

E w 
H 

300 

- 

1 

,- 
1 5 0 1 ,  I ,  I , ,  I , ,  

2 3 4 5 6 7 8 9 10 
NO. OF METHYLENE GROUPS, n 

FIGURE 1 Dependence of Tm and Ti of the compounds of 

Series I on the length, n, of polymethylene 
spacer 

polymethylene spacers have higher Tm's than those with odd- 

numbered ones. It should be pointed out, however, that 

many other homologous series exist which show irregular 

changes in melting points with alkyl chain length . 9 

In addition to the regular, zig-zag decrease, a dimini- 

shing amplitude between the Ti's of the even- and odd- 

numbered polymethylene spacers is observed as the spacer 

grows in length. The exact same trend was reported earlier 

for Ti values of 4-p-n-alkoxybenzylidene aminobiphenyls 

and other homologous series8' '. 
Ti's can be interpreted as the regular change in the 

anisotropy of molecular polarizability on passing from even 

to odd polymethylene chains, or vice versa . Other ex- 

planations for this alternation are also possible . The 

observed diminished change with the length of polymethylene 

10 

The regular decrease in 

11 

11 
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302 J.-I. JIN AND J.-H. PARK 

M 

aJ 
rl 

0 

\ 
? 

*d 

a" 

FIGURE 2 

4 8l 
I I I I I I I I I I 

2 3 4 5 6 7 8 9 10 
NO. OF METHYLENE GROUPS, n 

Dependence of ASi of the compounds of 

Series I on the length, n, of the 
polymethylene spacer 

spacer may be due to an increased probability of adopting 

conformational variations by the methylene groups. Figure 
1 also shows that, in even-numbered spacers, the mesophase 

temperature range (AT) decreases with increasing length of 

the central polymethylene group, while in odd-numbered 

spacers, the AT seems to increase with increasing size. 

Unfortunately, the reason for such difference is not yet 

clear. It is also pointed out that the AT'S of the present 

compounds do not seem to be wider than those of compounds 

having only one mesogenic group. 

Figure 2 illustrates the dependence of Asi, the 

entropy change for the transition from nematic to isotropic 

phases, on the length and on the number (odd or even) of 

methylene units in the central spacer. The magnitude of 

ASi f o r  the compounds with even-numbered polymethylene 
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POLYMETHYLENE-(Y, U-BIS(P-OXYBENZYLIDENE ANILINE) 303 

spacers is consistently greater than those with odd- 

numbered ones. The amplitude of the alternation seems to 

decrease slightly as the length of the spacer increases. 

This phenomenon can be taken as a suggestion that the 

mesophase of the compounds having even-numbered polymethyl- 

ene units is of a higher degree of order at Ti than those 

with odd-numbered ones. Similar trends were repeatedly 

observed for other series of homologous compounds 2 , 3 , 1 2 - 1 4  

For the relatively short spacers, the methylene groups 

are most likely to exhibit an anti or trans conformation . 
This would allow for the two terminal mesogenic units to be 

more or less colinear in the compounds with even-numbered 

methylene units. On the other hand, the two terminal meso- 

genic groups would be out of line and form a bent angle 

when there are an odd number of methylene structures in the 

central spacer. Therefore, the former would result in a 

mesophase with a higher degree of order than the latter. 

Chang et al. earlier measured order parameters at Ti of 

p-alkoxybenzylidene-p-n-butylanil ines and found that the 

values f o r  the compounds with alkoxy groups consisting of 

an even number of carbon atoms were consistently higher 

than those for compounds with an odd number of carbons in 

the chain. 

15 

16 

Another fact to be pointed out is that the magnitude 

of 4Si of the present compounds is significantly greater 

than those of other nematic compounds having only one 

mesogenic group. The last column of Table 3 shows that 

enthalpy change (AHi) for the nematic t o  isotropic transi- 

tion of the compounds ranges from 5-15% of the heat of 

fusion (AHm). This percentage of AHi with respect to AHm 

is about twice that of other common nematic compounds with 
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420 440 460 480 
TEMPERATURE, 0 K 

DSC thermogram of the compound 11-Br. 

Heating and cooling rates were 10 C/min. 0 

17 one mesogenic unit . Similar observations were previously 
reported by us 293 for compounds having aromatic-ester-type 

mesogenic groups attached to both ends of the polymethylene 

spacers. 

3.3. Mesomorphic Properties of the Compounds of 

Series I1 

The effect on the thermal and thermotropic properties of 

the compounds of terminal substituents, H, CH3, OCH3, 

OC2H5, Br, CN, NO and 02CCH attached to both mesogenic 

units was investigated in this series. The central spacer 
2 3’ 

was fixed as decamethylene. 

A l l  of the compounds of this series, with the exception 

of 11-H, were thermotropic. The compounds 11-CH and 

11-OCH were monotropic, while the rest were enantiotropic. 

11-Br showed a three-step transition of solid-smectic A -  

3 

3 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
21

 2
0 

Fe
br

ua
ry

 2
01

3 



POLYMETHYLENE-(Y, U-BIS(P-OXYBENZYLIDENE ANILINE) 305 

nematic-isotropic phase (see Figure 3). In contrast, the 

other compounds exhibited only two transitions, solid--, 

nematic-isotropic liquid. The data of thermal transitions 

and thermodynamic parameters are recorded in Table 4. If we 

judge the nematic group efficiency of the substituents by 

Ti's of the compounds, the following order is obtained: 

C H OrCH3C00rCN*BrzN02. 
ment with those of other series of thermotropic compounds . 

This order is only in fair agree- 
18 2 5  

As one can see from Table 4 ,  the value of AHm of 

11-OCH is significantly higher than those of the other 

compounds, 
3 

a TABLE IV Thermodynamic data of Series I1 compounds. 

Tm, Ti, AHm, AHi, Asi, AHi/AHm, Designation 
0 0  C C KJ/mole KJ/mole J/mole*OK % 

11-H 153 - 59.1 - - - 

11-CH3 164 
(141) 

(167) 
11-OCH3 199 

II-N02 149 

11-CN 151 

II-02CCH 161 

11-OC2H5 190 
3 

200 

201 

202 

65.3 
(65.8) (3.7) (8.4) (5.9) 
94.4 
(92.2) (4.5) (9.7) (4.8) 
56.5 5.0 11.0 8.0 
42.6 5.1 10.8 12.0 

55.1 5.5 11.5 9.9 

67.4 5.8 12.3 8.6 

11-Br 172 177 43.3 4.2 9.4 9.8 
180 4.9 10.7 11.3 

a. The values in parentheses are the ones obtained from the 

cooling cycles of DSC analysis. 
b.  The top values are for smetic A-to-nematic phase transi- 

tion and the bottom ones are for nematic-to-isotropic 

phase transition. 
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which may be the reason for the monotropic nature of the 

compound. The fact that 11-H is non-liquid crystalline 

tells us that H is a very poor nematogenic substituent, as 
expected. Here again, the magnitude of ASi and the ratios 

of AHi/AHm of the compounds are much greater than other 

types of liquid crystalline compounds consisting of only 

one mesogenic unit17. 

vation given above for the Series I compounds should hold 

true also €or the present series. 

The possible reasons for the obser- 

4 .  CONCLUSION 

The synthesis of the new compounds of Series I and I1 has 
been described. A l l  of the compounds have two identical 

mesogenic units, p-oxybenzyl idene-p-subst i tuted anilines, 

attached to either end of a central polymethylene spacer. 

The Series I compounds were all enantiotropically nematic 

and revealed that both Tm and Ti decrease in a zig-zag 

fashion as the number of methylene units in the spacer 

increases. The compounds with an even number o f  methylene 

groups in the spacer showed higher values of ASi than those 

with an odd number, indicating that the mesophases of the 

even-numbered compounds at Ti are of  a higher degree of 

order than those of the odd-numbered ones. 

The Ti's of the compounds of Series I1 suggest the 
nematic group efficiency of C H O X H  C001CN>Br,SJ02. 

pound 11-H was non-liquid crystalline and 11-CH and 

11-OCH were monotropic. The others were enantiotropic and 

nematic. Compound 11-Br was the only one which could form 

an S phase as well as a nematic phase before clearing. 

A l l  of the present mesomorphic compounds exhibit greater 

Com- 2 5 -  3 

3 

3 

A 
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v a l u e s  of ASi and AHi/AHm compared t o  compounds hav ing  o n l y  

one mesogenic u n i t .  
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