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Intermolecular Hydrogen Bonding in Mixed 
Mesomorphism 

R. MAHAJAN, H. NANDEDKAR and V. SUTHAR 

Applied Chemistry Department, Faculty of Technology and Engineering, M.S. Uni- 
versity of Bamda, Post Box No. 51, Vadodara - 390 001 

Exhibition of mixed mesophases in binary systems where both the components are non-mes- 
ogenic should offer a very interesting study because that should throw light on the mode of 
formation of mixed liquid crystal and factors favourably affecting it or otherwise. Five binary 
systems of non-mesogenic compounds were investigated for the induction of thermotropic 
mesophases. In three binary systems induced nematic and smectic mesophases are observed 
in number of compositions. 

Keywords: Binary systems; induced mesophases; hydrogen bonding 

I t  has been pointed out tliiit suhstances which do not individually furm nicsophnscs hut 
which as binary niixliirc cxliihit niixcd iiicsi)iii[)rpliisiii. arc gcncrally very highly crystalliiic 
and are not rcadily suprcuolcd liutii tlic liquid. thcrcl'orc. nionotrupic iiicsophiisc which 
niiglil Iiiivc hccii ;inticiptcd iiiiiy rciiiiiiti latent. I f  two such suhsloticus iitc iiiisctl i t  III;I> 

happen that tlic inching point u l  the niixturc, which is generally lowcr tliaii the nicltiiig 
point of the individual conipuncnts falls below the mesophase-isotropic liquid tenipcmturc. 
Such a mixture may exhihit iiiesotiiorpliisin. 

In recent years. tlic attctitiuii has bccn focused on the binary mixture i l l  which induced 
nicstiph;iscs iirc cxliihitcil hccausc o r  intrnniiilccular hydropcii hoi idiny~'~ '~.  'I'lic 
intcrtiiiilccul;ir Iiydrcigcti hiinding t ~ ~ t t s t  he an iniportant contrihutinp lirliir lo iiiiiintiiiiiiiig 
the necessary ayyrcgnticin li)r tiics(itiiiirpliisiii. 

I n  the present sttidy. ~ l i c  three hinary systems whereone olthe conipunciits is Schil'l's 
base possessing terminal nitro group. exhihil induced mesophases. 

EXI'ICIUMEN'I'AL 

L1_1 Svnthcsis ulScliiI'l's hascs. 

I ,  

2. 

4 - nitro hctii!lidene - 4' - n - Iiesyloxy aniline ( N l 3 l M )  \\as synilicsiml 11) 
tnctliod rcpiirtcd hy Vura and lXxit.1'1 
4 - II - Iicsyliixy hcnml - 4' - II - hydmxy aniline ( I  1111 IA) \\:IS syiitlicsi/cd i ~ s  

per the nictliiid reported by (ioldinachcr and MaCnffi.rcy.1'1 

[1755]/511 
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5 124 17561 R. MAHAJAN et al. 

[nl Svnthesis of Azo dves, 

The following three am dyes were synthesized by the conventional method of 
diazotization and couplingJ61 

1. 
2. 
3.  

4 - hydroxy - 4‘ - methyl am benzene (HMeAB). 
4 - hydroxy - 4‘ - methoxy am benzme (HMAB). 
4 - hydroxy - 4‘ - ethoxy am benzene (HEAB). 

m a r a t i o n  of  Binarv mixtures 

Binary mixtures were prepared by the standard methodl’l. Transition temperatures 
were determined by using Leitz Labourlux 12 POL microscope provided with a 
heating stage. 

RESULTS AND DISCUSSION 

Two types of Binary Systems &e studied 

A 
Both the components belong to different homologous series. One of the components is 
Schiffs base possessing terminal Nitro group and the other component is an azo compound 

1 : R=OCH,(HMAB). 

11 : R=OCYH,(HEAE). 

111 : R=CH,(HMeAB). 

-:m:  w 
Binary phase diagram (Fig I, System I) exhibits an induced monotropic nematic phase 
over a wide concentration range of mixed state. 

Svs teml l :  rn : IiEbB 
Fig. I, System II shows that as concentration of NBHA decreases an induced monotropic 
nematic phase appears at &out 87 mole percent of NBHA and persists upto 15.6 mole 
percent of NBHA. 

systemII1:  NBHA : HMeAB 
Table 2 indicates that no induced mesophases are observed when the alkoxy group i.e. 
ahoxy and methoxy groups of.- compound are replaced by Methyl group. No phases 
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H - BONDING IN MIXED MESOMORPHISM [ 1757115 13 

TABLE - I .  Transition Trmperanms Systcm I, I1 & IV 

System Mok % O f  'Ihrritk. Temperatures 'c 
A S N I 

- 92.p 

93.0 
90.0 

1 100.00 - 
86.30 - - 
73.66 - - 

( 64.0 ) 101.0 62.05 - 
53.17 - ( 59.0 ) 1 18.0 

41.20 - ( 62.0 ) 120.0 
3 I .84 - (67.0 ) 126.0 

14.87 - ( 112.0) 142.0 

- 140.0 

150.0 
7.20 - 
0.00 - - 

Syatcm Mole *A of muit lon TempernIurcs 'C 
A S N I 

I1 100.00 

86.98 

74.80 

63.40 
52.69 

43.98 

33.09 

24.19 
15.64 

7.60 

- 
( 80.0 ) 

(71.0) 

(61.0) 
( 49.0 ) 

( 43.0 ) 
( 39.0 ) 

(41.0) 

( 45.0 ) 

92.0 

91.0 

91.0 

85.0 

83.0 

125.0 

112.0 

107.0 

120.0 
122.0 

125.0 - - 0.00 

Syatem Mok *A of m d t b m  lbmperatures 'c a S N I 

IV 100.00 

78.47 

68.00 

57.75 

47.66 

37.77 
28.08 
18.54 

9.17 

0.00 

- 
70.0 

70.0 

91.0 

75.0 

- 
- 
- 
- 
- 

92.0 

116.0 

121.0 

132.0 

124.0 
126.0 

137.0 
144.0 

160.0 

170.0 

Vplucs in paranksir Mate mollobopy 
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H -BONDING IN MIXED MESOMORPHISM [1759]/515 

we cihscrvcd even OII qiwcliiiig the mixtures. 'Ihis h*luivioiir c n q  hc iittriliiitrA to Icss 
polarizability uVnicthyl group us comprrcd to mcthoxy a d  cthoxy tcrmiilul gwups. 

l'ohlc 2. 'lrimsition tcinpcmturcs - System 111 

mole %I ill' A 

100.00 92.0 
7(J.06 116.0 
5R.3R 114.0 
50.42 128.0 
37.53 130.0 
21,s I 140.0 
20.4H 146.0 
13.05 151.0 
6.14 153.0 
O.(WJ 1SY.0 

Melting point 'I' 

IS 

I3oth thc components hcltong to dilkrcnt honiologous wries. One of thc coiiipiiicnts is 
Schill's haw pisscssing tcrininnl hydroxy group. 

System IV  111411A : NlMlA 

Both the components ol' I h a r y  Systems arc Schill's bases. Thc plluse di;igr;iiii (l:ig. 1. 
Systcm IV) exhihiis an induced cnantiotropic smectic mesophasc bctwccn 47.0 atid 74.4 
mole percent of NDtlh. 'I his further augments our earlier ivorkl'l that cvcn though thc i\w 
components arc "conipiiiihlc" i.c. both have same central linkagw. indircd niewplwscs 
niay hc ohscrvcd. 

Systeni V IlUllA : IIMAIS 

Few mixturcs of this bitirry systems w r e  prcpclred (Table 3.). Nu iilduccd nlcsllphascs arc 
ohscrvcd. This nmy hc ottrihulcd to the ahsence or strongly polar nitm group in the parn 
position. liarlier studid""1 have also conlirined that tlr imiiinal nitm gniup pliiys ;i wry 
important role in  exhihiticin of induccd niesophases. 
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516/[1760] R. MAHAJAN e f  ul. 

Generally those non-mesogens possessing the struchnrl characteristcs considered essential 
for exhibition of mesomorphism may be expected to show mixed mesomorphism. The 
large number of Schiff s bases fall in this cafagory of non-mesogens; hence their binary 
mixtures have been studied. In the present study non-mesogenic am compounds were 
used as one of the components. 

The induced mesophases arc observed in only some and not all of the binary systems 
studied may be because of factors such as polarity, polarizability, size of the molecule and 
their capacity of resisting their thermal breakdown on heating which also govern 
mesomorphism. 

TABLE 3. Transition Temperatures - System V. 

mole % of A Melting point OC 

100.00 110.0 
66.15 135.0 
56.57 120.0 
46.48 112.0 
35.83 108.0 

0.00 150.0 

ACKNOWLEDGEMENTS 

The authors are thankhl to the Lkm, Faculty of Tcchnology and Endineering and the 
Head of the Department of Applied Chemisty for providing Research facilities. One of 
the authors (Nand& H.) is thanlrful to the M. S. University for granting Scholarship. 

References 

[I] A. Treybig, C. Dorccheid, W. Weissflog, H. Wolfgang, Mol. Cryst. Liq. Cryst., Sci. 

[2] Y. Tian, Y. Zhuo, T. Xuying, 2. Xinyl, Z. Xhioguang, Liq. Crysf. 19(6), 743-8(1995). 

[3] K. Wills, D. Price; J. Murer. Chem. 5(12), 2195-9(1995) 

[4] R.A. Vora and N. Dixit, Liq. Cryst. Roc. Int. Conf. (edited by S. Chandrasekhar, Hey- 
den, London, 1980) S 589. 

[5] J.E. Goldmacher and M.T. MaCaffrey, Liquid Crystals and Ordered Fluids, J.F. John- 
son and R.S. Porter, Eds. Vol. I, Plenum Press, 1970, p 375. 

[6] A.I. Vogel, A Text Book of Practical Organic Chemistry, E. L. B. S.  and Longman 
Group Ltd., Fifth Edition, p 946(1989). 

[7] J.S. Dave and M.J.S. Dewar, J. Chem. SOC., 4617(1954). 

[8] R.A. Vora, R. Guptaand K. Pate1,Mol. Cryst. Liq. Cryst., 309,251(1991). 

[9] R.A. Vora, R. Guptaand D. Mehta,J. Ind. Chem. Soc.. 70(6), 511-15(1993). 

Technol. Sect A. 260(369-76)( 1995). 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
9:

27
 1

7 
A

ug
us

t 2
01

2 




