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INTRODUCTION 

Binary mixtures of liquid crystals have been studied for a variety of reasons. For 
many applications a mixture will extend the mesophase temperature region par- 
ticularly to cover ambient temperatures. Mixtures are sometimes used to inves- 
tigate the existence of liquid crystalline phases for monotropic substances which 
cannot be supercooled sufficiently to allow for direct observation. Is* A great 
many studies have used mixtures to  determine miscibility of the two liquid 
crystals and the morphology of the resulting textures.l-lZ Recently mixtures 

+ Part XXXVI of a series ‘Order and Flow in Mesophases’ 
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370 E. C.-H. HSU ei al. 

have been shown to  be important as solvents for nuclear magnetic resonance 
studies and as stationary phases for gas chromatography  separation^.^'^ I* 

In this article a comprehensive review of the literature that reports binary 
systems where both components are liquid crystals is given. Excluded are lyo- 
tropic systems where one component in the presence of another is required to  
form liquid crystalline system and binary systems in which only one of the 
components exhibits a mesophase. Althrough a relatively large number of binary 
systems have been studied, in many cases only the transition temperatures have 
been determined and these are not included. This review contains only binary 
systems for which phase diagrams have been determined. 

A number of binary mixtures in which one component is a mesophase form- 
ing substance and the other a non-mesomorphic substance have been studied by 
several investigators. It was found that such mixtures form a homegenous meso- 
phase over a certain range of temperature and concentration. Dave and his 
coworkers have reported a series of papers concerning these binary sys- 
tems. 35-41 

Schroeder el. al. 4* have also investigated binary of 4-nitrosubstituted mils 
(non-mesomorphic compounds) and 4,4‘-di-n-hexyloxyazoxybenzene (a meso- 
morphic compound exhibiting a monotropic smectic and enantiotropic nematic 
phases). Recently some binary systems of rod-like molecules (alkanols, poly- 
peptide and poly-7-benzyl-1-glutamate) with pmethoxybenzylidene-p‘-n-butyl- 
aniline have been studied4’. 

I t  is known that much work on binary mixtures is done by applications 
oriented researchers and much of this has not been available to us. I t  is also 
inevitable that there will be omissions from published work, but it is believed 
that this is a comprehensive review of the systems studied to  date. 

TABULATION PROCEDURES 

The structures, transition temperalures and binary systems studied are listed in 
Table 1. 

a) Column I of Table I : “Compound Number” 
This column gives the order numbers ( 1,2,3,4 . . . .) which represent the com- 

b) Column 2 of Table 1 : “Structure” 
In this column the compound structure is given. The compound structure is 

listed in groups based on organic functional group types used for the centeral 
part of the molecule. These are: 

1)  Aromatic carboxylic acids and derivates (other than azomethine. azo- 
and azoxycompounds), (0) COO-. 

2) Schiffs base compounds (with only an azomethine group, -CH=N-). 

pounds. For example, number I represents n-CSHII 0 0 COOH. 
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THL- R M A L  P R O P I ’ H T I I S  27 I 

3) Schiffs base compounds (with two or more azomethine groups). 
4) Azine compounds (-CH=N-N=CH-). 
5 )  Azo compounds (-N=N-). 
6) Schiffs base, azo compounds (-CH=N- and -N=N-). 
7 )  Azoxy compounds (- N= N-). 
8) Schiffs base, azoxy comp8unds (-CH=N- and -N=N+-). 
9) Derivatives of steroids. 

Each group is divided into sub-groups, according t o  the terminal chain 
lengths. Within a given sub-group, compounds are listed in order o f  increasing 
number of carbon atoms; with a foted number of carbon atoms, the listing is in 
order of  increasing number of hydrogen atoms. 

0 

c) Column 3 of  Table I : “Transition Temperatures, “C“ 
The tabulated transition temperatures in this column are the typical or ave- 

rage values. Where authors have repeated their own earlier measurements, only 
their later values are reported. The symbols used in this column are as follows: 

K,  , K,, K,: solid phases 1 ,  2. and 3 
Ch: cholesteric mesophase 
N: nematic mesophase 
SA, SB, Sc, SD, SF .  SG: sematic mesophases with special textures. 

d)  Column 4 of Table 1 : “Binary Systems Studied” 
This column gives compound numbers used for binary systems studied. The 

numbers in the parenthesesgive the Table number followed by the system number 
for the specific binary systems. For  example, 4(6-5) represents compound 4, 
Table 6, system 5.  

Table 2 gives the compound names and compound numbers. The tabulated 
compound names in this Table are based o n  an alphabetic order. In naming 
compounds Chemical Abstracts’ rules were used. All names are those from 
Chemical Abstracts’ formula index. In this Table, the compound numbers cor- 
respond t o  those in Table 1 .  

The measurement methods and some data, such as existance o f  phase dia- 
grams and study purposes, of each binary system are shown in Table 3 (smectic- 
smectic systems). Table 4 (nematic-nematic systems), Table 5 (cholesteric- 
cholesteric systems), and Table 6 (mixed systems) (smectic-nematic, smectic- 
cholesteric, and nematic-cholesteric system). where the input components are 
of these mesophase types. 
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TABLE 2 
Names and Compound Numbers 

Name 

Acet ic acid, p-[ (p- butoxvbenzvl idene)amino]phenyl es te r  

Acet ic acid, p-[ (p-ethoxybenzyl idene)amino]phenvl es te r  

Acet ic  acid,  p-[(D-methoxvbenzylidene)amino]phenvl ester  

Acet lc acid,  p- [ (p-oentoxybenzyl idene)amino]phenvl es te r  

Acet ic acid, p-[ (p-oroDoxybenzy1 idene)amino]phenyl es te r  

P-Anisalazine 

p-Ani s i  c ac id  , b i  cycl  o[ 2.2.210~ t-1.4-yl ene es te r  

p-Anis ic acid,  p-phenylene es te r  

p-Anis ic acid,  es te r  w i t h  4 ' - [  (p-hydroxyphenvl)azo]aceto~henone 

p-Azoanisolephenetole 

4,4'-Azobis(a-methvlcinnamic ac id ) ,  d i e t h y l  es te r  

N ,N' -[Azobis (p-phenylenemethyl idyne)]diani  1 i ne  

4,4'-[Azobis(p-ohenylenemethylidvnenitrilo)]dihenzoic acid,  

4,4'-Azocinnamic acid, d i e t h y l  ester 

4.4' -Azodiphenetol e 

4,4'-Azoxybenzoic acid,  d i a l l v l  es te r  

4,4'-Azoxybenzoic acid,  d i e t h y l  es te r  

4.4'-Azoxybenzoic acid, diphenyl es te r  

4,4'-Azoxybis(a-methylcinnamic ac id ) ,  d i a l  l v l  es te r  

4.4' -Azoxybi s (a-methvlci nnami c ac id )  , d i ethy l  es te r  

4.4' -Azoxybi s( 6-methvlcinnamic ac id ) ,  d i e t h v l  es te r  

4.4'-Azoxybis(a-methvlcinnamic acid),  dihexadecyl es te r  

4 ,4'-Azoxybis(a-methylcinnamic ac id ) ,  dimethyl es te r  

4.4' -Azoxybi s( 6-me t h y l c i  nnamic ac id ) ,  dimethyl es te r  

d i e t h y l  es te r  

Canpound 
Number 

47 

45 

44 

48 

46 

98 

29 

19 

110 

99 

118 

123 

124 

117 

1 no 

137 

136 

138 

160 

156 

162 

159 

155 

161 
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E C.-H. HSU et al. 

Table 2 (Cont 'd)  

4.4' -Azoxybi s (a-methyl c i  nnami c ac id )  , d i c c t y l  es te r  

4.4' -Azoxyb I s (a-methyl c i  nnami c a c i d  ) , d f proDy1 es te r  

N .N' -[Azoxybt s(p-phenylenemethvl idvne)]bis[4- (bu toxy- 

N .N' - [Aroxybi s ( p-phenyl enemethyl I dyne) ]b i  s ( p-ch 1 oroani  1 i ne) 

N .N ' - [Azoxyb 1 s ( p-phenyl eneme thy1 idyne) ]b i s[ 4- (methoxy- 

N , N ' - [Azoxyb i s ( p- p heny 1 eneme t hy 1 1 dyne) d i an i 1 i ne 

N ,N' -[Azoxybi s (p-phenyl enemethyl idyne)di-m-to1 u td ine  

N .N ' -[Azoxyb t s ( p-pheny 1 eneme thy  1 i dyne) ]d i -p- t o  1 u i d i ne 

4.4' -[Azoxybis( p -pheny lenmthy l  idynen i  tri lo ) ]d ibenzotc  actd, 

4.4' -Azoxybi s ( th iobenzoi  c ac td )d ie thy l  e s t e r  

4.4 '-Azoxycinnamic act d , bis(2-methyl b u t y l  ) e s t e r  

4,4'-Azoxyctnnamtc ac id ,  d i b u t y l  e s t e r  

4,4'-Azoxycinnamic ac id ,  d tdecy l  e s t e r  

4.4'-Azoxycinnamic actd,  d idodecyl  e s t e r  

4,4'-Azoxyct nnamic acid,  d i e t h y l  es te r  

4,4'-Azoxycinnamic acid,  d ihep ty l  e s t e r  

4,4'-Azoxycinnamtc acid,  dihexadecyl e s t e r  

4.4'-Azoxycinnamic acid,  d ihexy l  e s t e r  

4,4'-Azoxycinnamic acid,  dtnonyl  e s t e r  

4,4'-Azoxycinnamtc acid,  d t o c t y l  e s t e r  

4,4'-Azoxyctnnamic acid.  d ipen ty l  e s t e r  

4,4'-Azoxycinnamic acid,  d t i sopen ty l  es te r  

4,4'-Azoxyctnnamtc acid,  d iphenyl  e s t e r  

4,4'-Azoxycinnamic acid,  d ip ropy l  e s t e r  

4,4' -Azoxycinnami c a d d ,  d i  undecyl 

methoxy)ant 1 tne] 

methoxy )an i  1 i ne] 

d i e t h y l  e s t e r  

158 

157 

169 

171 

168 

165 

166 

167 

170 

139 

145 

142 

150 

152 

140 

147 

153 

146 

149 

148 

143 

144 

154 

141 

151 
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Table 2 (Cont'd) 

4,4'-Azoxydiani sol  e 125 

4,4'-Azoxydibenzoic acid,  d i e s t e r  w i t h  e thy l  p-hydroxybenzoate 164 

4,4' -Azoxydiphenetole 126 

a, a' - ( Azoxydi -p-phenyl ene ) d i  -p-an i s i  c ac id  163 

Benzoic acid, es te r  w i t h  4 ' - [  (p-hydroxybenzyl idene l -  

Benzoic acid, p-[(p-methoxybenzylidene)amino]phenyl ester  

4-Biphenylcarboxylic acid, p-[ (p-methoxypheny1)azolphenyl ester  

4,4' -Bis (but0xy)azoxybenzene 

4.4 ' - B i  s (decy1oxy)azoxybenzene 

4,4'-Bi s (dodecy1oxy)azoxybenzene 

4,4'-Bis (p-methoxybenzylideneami no)-3,3' -d ichlorobiphenyl  

4.4'-Bi s(hepty1oxy)azoxybenzene 

2.5-Bis (4-heptylpheny1)-pyrazine 

4,4' - B i  s (hexy1oxy)azoxybenzene 

4,4' - B i  s (nony1oxy)azoxybenzene 

4,4'-Bis (0ctyloxy)azoxybenzene 

4,4' -B i  s (prop0xy)azoxybenzene 

4.4' - B i  s(undecy1oxy)azoxybenzene 

p-Butoxybenzoic acid, p-phenylene e s t e r  

p-iso-Butoxybenzylidene-l-aminonaphthalene-4-azobenzene 

ami nolacetophenone a9 

65 

107 

128 

133 

135 

94 

130 

97 

129 

132 

131 

127 

134 

22 

121 

p-[ (p-Butoxyphenyl )azo]acetophenone 103 

54 

43 

12, 13 

Bu ty r i  c acid,  p- [ (p-butoxybenzyl i dene)ami nolphenyl es te r  

Bu ty r i c  acid,  p-[(p-methoxybenzyl idene)amino]phenyl es te r  

Carbonic acid, bu ty l  ester,  e s t e r  w i t h  p(ethoxy)phenyl p-hydroxybenzoate 

Carbonic acid, hexyl ester,  es te r  w i t h  p-(hepty1oxy)-phenyl 

Carbonic acid, hexyl es te r ,  e s t e r  w i t h  p-(hexy1oxy)-phenyl 

Carbonic acid,  penty l  ester,  es te r  w i t h  p-(hepty1oxy)-phenyl 

p-hydroxybenzoate 

p-hydroxybenzoate 

p-hydroxybenzoate 

18 

17 

16 
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I. C.-H. HSU cr PI. 

Table 2 (Cont 'd)  

Carbonic ac id ,  pen ty l  es te r ,  e s t e r  w i t h  p-(hexy1oxy)-phenyl 

Carbonic ac id ,  pen ty l  es te r ,  es te r  w i t h  p-(penty1oxy)phenyl 

p-Chlorobenzoic acid,  p-phenylene es te r  

Cho les tero l  ace ta te  

Cholesterol  benzoate 

Cholesterol  l i n o l e a t e  

Cholesterol  myr i s ta te  

Cholesterol  nonanoate 

Cholesterol  o l  ea t e  

Cholesterol  propiona t e  

Cholesterol  s teara te  

Cholesterol  undecanoate 

Oecanoic acid,  p-[ (p-butoxybenzyl idene)ami nolphenyl es te r  

p- (Dedecyloxy) benzoic ac id  

p- [ (p-Decy 1 oxybenzyl 1 dene)ami n o l c i  nnami c acid,  pen ty l  es te r  

p-[ (p-Decyloxybenryl idene)amino]cinnamic ac id ,  i sopen ty l  es te r  

p -  [(p-Dodecyloxybenzyl idene)amino]cinnamic ac ld ,  pen ty l  e s t e r  

p- [(p-Dodecyloxybenzyl idene)amino]cinnamic acld,  i sopen ty l  es te r  

4 ' - (Dodecyloxy)-3 ' -n i  tro-4-biphenylcarboxyl<c a c i d  

p- [ (p-Dodecyloxyphenyl )azo]acetophenone 

p-Ethoxybenzoic acid,  p-phenylene e s t e r  

p-[(p-Ethoxybenzyl idene)amino]benzoic acid,  e t h y l  es te r  

p- [ (p-E thoxybenzyl 1 dene)aml nolbenzoic ac id ,  es te r  w i t h  e t h y l  

p -  [(p-Ethoxybenzyl idene)amino]benzoic ac id ,  t r imethy lene es te r  

p-[ (p-Ethoxybenzylldene)amino]cinnamic acld,  e t h y l  e s t e r  

p-[(p-Ethoxybenryl idene)amino]cinnamic acid,  methyl es te r  

p-hydroxybenz oate 

p-hydroxybenz oate 

p-hydroxybenzoate 

15 

14 

26 

172 

1 a0 

179 

176 

174 

178 

173 

177 

175 

64 

5 

77 

78 

79 

80 

a 
105 

20 

41 

a7 

95 

73 

72 
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Table 2 (Cont'd) 

p-[ (p-Ethoxybenzylidene)amino]cinnamic acid,  phenyl es te r  

p-[(p-Ethoxybenzy1idene)aminol-a-methyl cinnamic acid,  i sopenty l  es te r  

p-[ (p-Ethoxybenzyl idene)amino]-6-methylcinnamic ac id ,  e thy l  es te r  

N-3p-Ethoxybenzyl idene)-p-butylant 1 i n e  

p-[ (p-Ethoxyphenyl )azo]benzoic acid,  b u t y l  es te r  

4-Ethoxy-4'-propoxylazobenzene 

p-[[p- (Ethyl  th io)benzyl  i denelaminolci nnamic acid,  e thy l  es te r  

p-[(p-(Ethyl  th io)benzyl  idene)amino]cinnamic acid, methyl es te r  

Heptanoic acid,  p-[(p-butoxybenzylidene)amino]phenyl es te r  

Heptanoic acid. P-[(P-Pentoxybenzyl idene)amino]phenyl es te r  

Heptanoic acid,  P-[(p-prOPOXybenzyl idene)amino]phenyl es te r  

p- (Heptyloxy) benzoi c ac id  

p-Heptyloxybenzoic acid,  p-phenylene es te r  

4 '  - (Hexadecyl oxy)-3 ' - n i  tro-4-biphenyl carboxyl i c a c i d  

Hexanoic acid,  p- [(p-butoxybenzyl idene)amino]phenyl es te r  

Hexanoic acid,  p-[(p-ethoxyphenyl )azo]phenyl es te r  

Hexanoic acid,  p-[(p-methoxyphenyl )azo]phenyl es te r  

Hexanoic acid,  p-[(p-propoxybenzyl idene)amino]phenyl es te r  

Hexanoic acid,  p-[(p-pentoxybenzyl idene)amino]phenyl es te r  

p-(Hexy1oxy)benzoic ac id  

p-Hexyloxybenzoic acid,  trans-1.4-cyclohexylene es ter  

p-Hexyloxybenzoic acid,  p-phenylene es te r  

4 ' - (Hexyloxy)-3 ' -n i  tro-4'-biphenylcarboxylic ac id  

p-[ (p-Hexyl oxyphenyl )azo]acetophenone 

p-[(p-Hydroxyphenyl )azo]benzoic ac id ,  e thy l  es te r ,  p-bromobenzoate 

p-[(p-Hydroxyphenyl )azo]cinnamic ac id ,  e t h y l  es te r ,  acetate 

p-[(p-Hydroxyphenyl )azo]cinnami c acid,  e t h y l  es te r ,  benzoate 

p-[ (p-Hydroxyphenyl)azo]cinnamic acid,  e thy l  ester,  e thy l  carbonate 

~-[(p-Methoxybenzyl idene)aminoJcinnamic acid,  e t h y l  es te r  

74 

a4 

85 

39 

112 

102 

a2 

81 

61 

62 

60 

3 

24 

10 

58 

108 

106 

57 

59 

2 

28 

23 

7 

104 

111 

114 

116 

115 

71 
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Table 2 (Cont'd) 

p-[(p-Hethoxybenzylidene) amino] cinnamic acid, methyl e s t e r  

p-[ (p-He thoxybenzyl idene) a m i n o ] - m e t h y l c i  nnami c acid. propyl  e s t e r  

4'-[p-(p-&thoxybenzyl idene) amino] phenylacetophenone 

4-Methoxybicyclo [ 2.2.2. ] octane-1-carboxyl i c acid,  p-hydroxy-phenyl 

4-Hethoxyci nnami c a c i d  

p-[(p-Methoxypheny l )azo]  cinnamic acid.  e thy l  es te r  

4-&thoxy-4'-propo~yaz~benzene 

p-rp-[(p-&thylbenzyl  idene) amino] benzamido] benzoi c acid,  e thy l  e s t e r  

p-[ (p-Methylbenzylidene) amino] cinnamic acid,  e thy l  es te r  

N-[ p-(Me thy1 t h i o )  benzyl i denel-p- (phenyl azo) an i  1 i ne 

p-[ (p-Nonyl oxybenzyl idene) amino] cinnami c acid, pentyl  es te r  

N-[p- (Nonyl oxy ) benzyl i dene] -p- (phenylazo) ani  1 i ne 

N - [ p - ( b n y  1 o xy ) ben zy 1 i dene ] - p- to1 u i d i ne 

4 ' - (  Octadecyloxy) -3 '  - n i  t ro-4 -b i  phenyl ca rboxyl i c ac id 

Octanoic acid,  p-r(p-butoxybenzyl idene) amino] phenyl e s t e r  

p-Octyloxybenzoic acid, b i c y c l o  C2.2.21 oct-1 ,4-ylene es te r  

p-(Octyloxy) benzoic ac id  

p-Octyloxybenzoic acid,  p-phenylene es te r  

p- [ ( p-Oc t y l  oxybenzyl i dene) ami no] c i nnami c ac id  , i sopen t y l  es te  r 

p-( Rn ty loxy )  benzoic ac id  

p-iso-Pentyloxybenzyli&ne-1-aminonaphthalene-4-azo benzene 

2-(4-Pentylphenyl) -5-(4-pen ty loxy)  -pyr imidine 

p-[(p-Phenylbenzylidene) amino] benzoic acid, e thy l  e s t e r  

p-[(p-Phenylbenzylidene) amino] cinnamic acid, e t h y l  e s t e r  

p-[(p-Phenylbenzylidene) amino] cinnamic acid, phenyl es te r  

P-r(p-Phenylbenzy1 idene)aminol cinnamic acid. propyl  e s t e r  

4,4'-[p-Phenylenebis(methylidynenitrilo)] dicinnamic acid, d l e t h y l  e s t e r  

4.4 ' - [ P -  h e n y  leneb 1 s (me thy1 i dynen i tri l o )  ] d i  c i  nnami c ac id  , d i  pen t y l  

es te r  p-anisate 

e s t e r  

70 

a3 

86 

2 1  

6 

113 

101 

88 

66 

120 

76 

119 

40 

11 

63 

31 

4 

25 

75 

1 

122 

96 

42 

67 

69 

6a 

92 

93 
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Table 2 (cont 'd )  

N , N ' - (  p-phenylenedimethylidyne) b i s  [p - (e thy l th io )  a n i l i n e ]  

N J ' - ( p-pheny lenedi methyl 1 dyne) b i  x (a-methoxy-p-anis i dene) 

Propionic acid, p-[(p-butoxybenzylidene) amino] phenyl es te r  

Propioni  c acid, p-[(p-ethoxybenzylidene) amino] phenyl e s t e r  

Propionic acid, p-[(p-methoxybenzylidene) amino] phenyl e s t e r  

Propioni  c acid, p-[ (p-pentoxybenzyl idene) amino] phenyl e s t e r  

Propi oni c acid, p-[ (p-proproxybenzyl idene) amino] phenyl es te r  

p-Propoxybenzoic acid, bicyclo[2,2,2] oct-1.4-ylene es te r  

p-Propoxybenzoi c acid, p-phenylene es te r  

Terephthal ic acid,  b i s  (p-butoxyphenyl) es te r  

Terephthal ic acid. b i s  (p-chlorophenyl) e s t e r  

Terephthal ic acid. b i s  (p-ethoxyphenyl) es te r  

Terephthal ic acid, b i s  (p-heptyloxyphenyl) es te r  

Terephthal ic acid,  b i s  (p-hexyloxyphenyl) e s t e r  

Terephthal i  c acid, b i s  (p-methoxyphenyl) es te r  

Terephthal ic acid, b i s  (p-propoxyphenyl) es te r  

4 ' - (  Tetradecy l o w )  - 3 ' 4  t ro-4-bi  phenyl carboxy 1 i c  ac id  

10-Undecenoic acid, p-[( p-ethoxyphenyl) azo] phenyl e s t e r  

Va le r i c  acid, p-[(p-butoxybenzylidene) amino] phenyl e s t e r  

Va le r ic  acid, p-[(p-pentoxybenzylidene) amino] phenyl e s t e r  

91 

90 

52 

50 

49 

53 

51  

30 

21 

35 

38 

33 

37 

36 

32 

34 

9 

109 

55 

56 
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TABLE 3 

Smectic - Smectic Binary Systems 

Hisclblllty studies 

Mlsclbi  I I ty  studies  
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TABLE 4 

Nriiiutic - Neiiiatic Bitiary Systems 

55 

30 1 

I 

t I 
PhaSt 

D l r q r I m  c m n t s  I R t f t R n C t s  

1 .  14, 16 

71 

28 

15 

I 9 I mtltln9 p o i n t  
I D p I r I t U s  

18 mtltin9 p o i n t  

011 m a  DSC 

Microscopy 

I 
I 

13 
28 

I 19 

I 25 

E v t r y  system mas 
c w o s l t i o n  o f  2 
molts of 1 m t v  
r n l t l n 0  Ind I 

mtl t lnp  
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USta 4% solrtnti 
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