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ABSTRACT Alkyl 4 4  (4-alkoxybenzoyl)oxy] benzoates (with Cl-Clo alkyl and alkoxy groups) are monotropic 
compounds which melt directly to isotropic liquids. Twin liquid crystalline compounds, TLCC's of [ (alk- 
oxybenzoyl)oxy] benzoic acid have been synthesized. The TLCC with methoxy end groups and trioxyethylene 
spacer is weakly mesogenic, but replacement of the methoxy with an n-butoxy end group results in a smectic 
mesophase. With the decamethylene spacer, the TLCC with a methoxy end group shows a nematic mesophase, 
whereas the compound with n-butoxy end groups exhibits both smectic and nematic mesophases. The latter 
has much higher ordered liquid crystallire states than the former. The polymeric TLCC's with n-butoxy 
end groups and Mn = 650 poly(THF) and Mn = 725 poly(pr9pylene oxide) spacers display weak liquid crystalline 
order with only one mesophase transition. Decreasing the M,, of the poly(propy1ene oxide) spacer to 425 resulted 
in much stronger liquid crystalline order, exhibiting both smectic and nematic phases. It is suggested the 
microphase separation due to dissimilar solubility parameters can be an important contributing factor toward 
mesophase formation. 

Introduction 
Several types of twin liquid crystalline compounds 

(TLCC's) have been synthesized and characterized re- 
cently.l* Most were prepared by coupling two mesogenic 
units with an aliphatic spacer, usually (CH,), (n  = 2-12). 
The thermodynamic data show an even-odd effect for n. 
The purpose of this work is 2-fold. First, we demonstrate 
that coupling of two promesogenic (PM) units with either 
monodisperse (CH,), or (CH2CH20), spacers yielded 
TLCC's. Second, we show that twin liquid crystalline 
polymers (TLCP's) can be obtained by coupling the same 
PM cores with a,@-dihydroxy-terminated poly(THF) and 
poly(propy1ene oxide) (poly(PP0)). 
Experimental Section 

Materials. 4-Methoxybenzoyl chloride, 4-butoxybenzoyl 
chloride, 4-hydroxybenzoic acid, ethanol, propanol, decanediol, 
and triethylene glycol were all obtained from Aldrich Chemical 
Company. 4-Methoxybenzoyl chloride was distilled a t  117-118 
"C/14 mm, 4-butoxybenzoyl chloride was distilled a t  160 "C/8 
mm, and 4-hydroxybenzoic acid was dried a t  85 "C in vacuo for 
1 h, mp 215-217 "C. Ethanol and propanol were refluxed with 
magnesium and distilled. Decanediol was vacuum dried a t  60 "C 
for 5 h. Triethylene glycol was dried over anhydrous MgSO, and 
distilled at 137 "C/0.5 mm. a,w-Dihydroxy-terminated poly(THF) 
(MW 650) and poly(PP0) (MW 425 and 725) were obtained from 
Polyscience, Inc. 

4-[ (4-Alkoxybenzoyl)oxy]benzoic acids were prepared by re- 
action of the appropriate 4-alkoxybenzyl chloride with 4- 
hydroxybenzoic acid in pyridine at 0 "C for 20 h. The products 
were precipitated with dilute aqueous HCl, washed to neutrality 
with distilled water, and recrystallized. The compounds have the 
literature thermotropic transitions: 4-[(4-methoxybenzoyl)- 

0024-9297 / 87 / 2220-2340$0 1.501 0 

oxylbenzoic acid (TK-L = 210 "C, TL1 = 270 "C);' 4-(4-butoxy- 
benzoxy)benzoic acid (TK-L = 160 "C, TL-I = 260 oC).8 

4-[(4-Alkoxybenzoyl)oxy]benzyl chloride was obtained by re- 
fluxing the corresponding acid in an excess of purified thionyl 
chloride. After vacuum removal of all volatile substances, the 
products were used without further purification. Their melting 
points are in agreement with literature values: [ (4-methoxy- 
benzoyl)oxy]benzoyl chloride (T, = 140 "C); [(4-butoxy- 
benzoyl)oxy]benzoyl chloride (T ,  = 78 "C). 

Synthesis. Promesogens were prepared by reaction of 1 equiv 
of the appropriate 4-[ (4-alkoxybenzoyl)oxy]benzoyl chloride 
dissolved in dry dioxane with 1.5 equiv of alcohol. The reaction 
mixture containing excess pyridine was refluxed overnight and 
then was poured into stirred distilled water. The precipitated 
product was washed in succession with 3% aqueous HCI, aqueous 
NaHCO,, and water and was purified by preparative thin-layer 
chromatography on silica. Samples used for optical and thermal 
studies were homogeneous on thin-layer chromatography. These 
compounds exhibit intense infrared absorptions a t  1730 and 1715 
cm-' for the aryl benzoate and alkyl benzoate carbonyls, re- 
spectively, and at least five bands in the C-0 stretch region from 
1000 to 1300 cm-*. The structures of the four promesogens are 

0 0 

I 
a, R=methyl. R'=n-propyl 
b ,  R=n-  butyl,  R'=  ethyl 
c. R=n- buty l ,  R'=n-propyl 
d ,  R = n - b u t y l ,  R'=n-decanyl 

The procedure described above for promesogens was also used 
here with the a,w-diols (decane-1,lO-diol and triethylene glycol), 

0 1987 American Chemical Society 
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Table I 
Monotropic Exotherms of Monoesters during Cooling from Melt 
I-a I-b I-c I-d 

cooling rate, OC/min TI-L TLK TI-L TLK TI-L TL-K TI-L TL-K 
40 23.1 18.0 66.0 
20 35.5 32.7 70.6 
10 41.0 72.8 
5 43.0 75.8 
2 44.2 

poly(THF), and PPO to obtain twin liquid crystalline compounds 
(TLCC's) and to obtain twin liquid crystalline polymers (TLCP's). 
Products were purified by using preparative thin-layer chroma- 
tography on silica, and samples used for optical and thermal 
studies were homogeneous to thin-layer chromatography. The 
structures for the TLCC's are 

I1 
a ,  R=methyl ,  Y = CHZ(CHZOCHZ)~CH~ 

c,  Rzrnethyl;  Y=-(CH2),0- 
b ,  R = n - b u t y l  i Y = C H ~ C H ~ O C H Z ) ~ C H ~  

d ,  Rzn-buty l ,  Y=-(CHz)lo- 

The structures for the TLCP's are as follows: 111-a, R = n-butyl, 

Y = -(CH2CHMeO)lo,7CH2CHMe-; 111-c, R = n-butyl, Y = 
-(CH2CHMeO)5,2CH,CHMe-. 

End group analysis by 'H NMR yielded the following exper- 
imental values for the average number of repeat units in the 
polymeric spacers: 111-a, n = 8.9 * 0.1 (nominal value 8.8); 111-b, 
n = 11.7 & 0.1 (nominal value 12.2); and 111-c, n = 6.2 & 0.2 
(nominal value 7.0). 

Methods. Elemental analyses were carried out by the Mi- 
croanalytical Lab of the University of Massachusetts. Infrared 
spectra were recorded with a Perkin-Elmer 1420 IR spectro- 
photometer. 'H NMR spectra were obtained with Varian XL-300 
and XL-200 spectrometers using deuteriochloroform as solvent 
and TMS as an internal standard. 

The observed (calculated) analyses are as follows. I-a: C, 68.31 

Y = -(CHzCH&H2CH20),,9CHZCH&H&Hz-; 111-b, R = n-butyl, 

(68.78); H, 6.0 (5.78). I-b: C, 70.32 (70.16); H, 6.34 (6.48). I-C; 
C, 70.73 (70.78); H, 6.71 (6.79). I-d C, 73.81 (73.98); H, 8.07 (8.43). 

6.33 (6.24). 11-C: C, 70.17 (70.37); H, 5.85 (6.20). 11-d: C, 72.24 
11-a: C, 65.70 (65.65); H, 5.15 (5.20). 11-b: C, 67.74 (67.91); H, 

(72.04); H, 7.22 (7.10). 
The 'H NMR results for promesogens (CDC1,) are as follows: 

I-a: 6 1.08 (t, 3 H, CH3),9 1.75 (m, 2 H, CH,), 3.90 (s, 3 H, OCH,), 
4.30 (t, 2 H, OCH,), 6.92-7.37 (m, 4 H, H3,,-oxybenzoate), 8.07-8.26 
(t, 4 H, H2,-oxybenzoate). I-b: 6 0.99 (t, 3 H, butyl CH,), 1.40 
(t, 3 H, ethyl CH,), 1.56 (s, 2 H, CH,), 1.81 (quin., 2 H, CH,), 4.05 
(t, 2 H, butyl OCH,), 4.37 (4, 2 H, ethyl OCH,), 6.98 (d, 2 H, 
H3,s-oxybenzoate), 7.29 (d, 2 H, H3,5-oxybenzoate), 8.12 (q,4 H, 
H2,6-oxybenzoate). I-c: 6 1.02 (2t, 6 H, 2CH3's), 1.51 (sextet, 2 
H, CH,), 1.80 (m, 4 H, CH,), 4.04 (t, 2 H, butyl OCH,), 4.28 (t, 
2 H, propyl OCH,), 6.97 (d, 2 H, H,,,-oxybenzoate), 7.28 (H3,5- 
oxybenzoate), 8.12 (4, 4 H, H,,6-oxybenzoate). 

The TLCC NMR are as follows: 11-a: 6 3.7-3.9 (two apparent 
singlets, 8 H, analyzed as OCH,, HB), 4.45 (m, 4 H, Ha), 6.95-7.40 
(m, 8 H, H,,,-oxybenzoate), 8.16 (d, 8 H, Hz,6-oxybenzoate). 11-b 
6 0.96 (t, 6 H, CH,), 1.49 (m, 4 H, butyl CH2), 1.77 (m, 4 H, butyl 
CH,), 3.70 (apparent s, 4 H, Ha), 3.80 (apparent s, 4 H, HB), 4.01 
(t, 4 H, butyl OCH,), 4.45 (apparent s, 4 H, Ha), 6.94 (d, 4 H, 
H,,,-oxybenzoate), 7.26 (d, 4 H, H,,,-oxybenzoate), 8.10 (d, 8 H, 
H2,6-oxybenzoate). 11-e: 6 1.34 (m, 12 H, HyJ, 1.77 (quin., 4 H, 
HB), 3.90 (8 ,  6 H, OCH,), 4.33 (t, 4 H, Ha), 6.98 (d, 4 H, H3,5- 
oxybenzoate), 7.30 (d, H,,,-oxybenzoate), 8.13 (4, 8 H, H,,,-oxy- 
benzoate). 11-d: 6 1.00 (t, 6 H, CH,), 1.31 (m, 16 H, CH,), 1.78 
(m, 8 H, butyl and decamethylene HB), 4.06 (t, 4 H, butyl OCH,), 
4.32 (t, 4 H, HJ, 6.96 (d, 4 H, H,,,-oxybenzoate), 7.30 (d, 4 H, 
H,,,-oxybenzoate), 8.13 (4, 8 H, H2,6-oxybenzoate). 

The 'H NMR results for TLCP are as follows: 111-a: d 1.00 
(t, 6 H, CH3), 1.63 (m, 39 H, butyl Hy), 1.84 (m, 8 H, butyl H&, 
344 (m, 31 H, THF CH,), 4.06 (t, 4 H, butyl Ha), 4.35 (t, 4 H, CH2 

62.1 54.7 43.4 
68.5 58.6 50.2 
70.3 60.0 52.0 47.3 28.1 
74.6 61.0 53.4 48.1 30.6 

62.3 54.8 48.3 34.0 

ester), 6.99 (d, 4 H, 3,5-oxybenzoate), 7.3 (d, 4 H, 3,5oxybenzoate), 
8.13 (t, 8 H, 2,6-oxybenzoate). 111-b: 6 0.98 (t, 6 H, CH3), 1.10 
(d, 30 H, PPO CHJ, 1.34 (d, 6 H, PPO a,w-CH,), 1.50 (m, 4 H, 
butyl HJ, 1.79 (m, 4 H, butyl HB), 3.53 (m, 34.6, PPO CH,CH), 
4.03 (t, 4 H, butyl Ha), 5.26 (m, 2 H, CH ester), 6.93 (d, 4 H, 
3,5-oxybenzoate), 7.24 (d, 4 H, 3,5-oxybenzoate), 8.06 (t, 8 H, 
2,6-oxybenzoate). 111-c: 6 0.98 (t, 6 H, butyl CH,), 1.20 (s br, 15 
H, PPO CHd, 1.33 (apparent t, 6 H, PPO a,w-CH3), 1.50 (apparent 
quin, 4 H, yCH2),  1.80 (apparent q, 4 H, P-CH,), 3.3-3.75 (br, 
16.7 H, PPO CH2CH), 4.04 (apparent q, 4.2 H, OCH, of butyl 
and a,w-CHis of PPO), 5.25 (br, 1.8 H, a- and w-OCHMe of PPO), 
6.93 (d, 5 H, 3,5-oxybenzoate), 7.25 (d, 4 H, 3,5-oxybenzoate), 8.09 
(br s, 8 H, 2,6-oxybenzoate). 

The actual molecular weight of Y in TLCP can be calculated 
from the intensity ratios. For 111-a, the average value of n = 8.9 
f 0.1, as compared to calculate value of 8.8 from poly(THF) MW. 
For 111-b, the average value of n = 11.7 & Q.1 from NMR intensity 
ratios; it is 12.2 for the MW of poly(PP0). For 111-b, the average 
value of n = 6.9 & 0.1 from NMR intensity ratios; it is 7.0 for the 
MW of poly(PP0). 

Thermal behavior was determined with a Perkin-Elmer DSC-4 
instrument under a nitrogen atmosphere. The heating rate was 
20 OC/min, and the cooling rate was 10 OC/min. The values of 
mi and ASi were calculated from the endothermic peak areas 
in the thermogram and the weight of the sample. Indium (AH, 
= 6.8 cal/g) was the standard. 

A Leitz polarizing microscope with a Mettler FP-2 hot stage 
was used for optical studies of phase changes and mesophase 
textures. 

Results and Discussion 
Promesogens. The promesogens are all crystalline 

compounds. The T,'s as found by microscopy were 76-78, 
87-89, 77-79, and  62-63 "C for I-a, I-b, I-c, and  I-d, re- 
spectively; the corresponding T,'s according t o  DSC were 
83, 93, 83, and 66 "C. T h e  compounds exhibit intense 
absorptions at 1730 and  1715 cm-' for t he  carbonyl vi- 
bration in t h e  phenyl benzoate and  alkyl benzoate, re- 
spectively, and  at least five bands in the  C-0 stretching 
region from 1000 to 1300 cm-'. 

When heated under a polarizing microscope, t h e  pro- 
mesogens melt  to clear liquids within 1-2 deg, and  they 
have only one very sharp DSC transition. Compound I-a 
has been reported as monotropic. Such a substance has 
metastable mesophase existing just below T,; its existence 
may be seen upon supercooling of the isotropic melt before 
crystallization occurs, where behavior varies with the  
cooling rate. This monotropic characteristic was observed 
for I-b and  I-c as well (Table I). In  the  case of I-a, only 
one exotherm was seen at slow cooling rates, <lo "C min-l. 
At more rapid cooling rates and for all cooling rates in the 
cases of I-b-d, there are two exotherms assigned t o  iso- 
tropic-to-LC and  LC-to-crystalline transitions. T h e  tem- 
perature range AT = TI-L - TLK is larger for higher cooling 
rates. However, AT is only a few degrees for compounds 
I-a-c; it is much greater for I-d (AT = 16 f 2 O C )  as shown 
in Figure 1. 

When compounds I-a-c were examined by polarizing 
microscope, only crystal-to-isotropic changes were observed 
upon heating and  vice versa upon cooling. Under certain 
conditions, one might have a fleeting glance of mesophase. 
The  incorporation of decanyl end group in I-d resulted in 
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2 0  4 0  B O  8 0  100 

TEMPER A T  U R E ( 'C)  

Figure 1. DSC thermograms of promesogen I-d (a) heating scan; 
(b) cooling scan. First and subsequent heating give identical 
results. 

the appearance of mesophase 14 "C below T,  and sub- 
stantial temperature separation between TpL and TL-K. 
Therefore the mesophase was readily observed by mi- 
croscopy for this compound with the classical fan texture. 
,Twin Liquid Crystalline Compounds. Compounds 
11-%-d all exhibit definite liquid crystalline transitions. 
TLCb Q a  is the exception; it becomes cloudy between 64 
and 72 "C qnd forms a clear liquid at  115 "C. Polarizing 
microscopy a t  99 "C showed mesophase formation but 
without well-defiqed textures. DSC of this compound is 
extremely sensitive 
annealing 

P 
effect on the thermotropic transitions of 11-a. Increasing 
the annealing temperature shifts the multiple entother s 
to slightly higher temperatures, like in slowly cool d 
specimens. All evidence indicates 11-a to be marginally 
liquid crystalline substances. 

The DSC behavior of compounds 11-b-d is less sensitive 
to thermal history and is more reproducible on repeated 
heating and cooling cycles. In general, a t  the highest 
temperature transition, there is a single endotherm cor- 
responding to the transition from a liquid crystal phase 
to the isotropic phase. Transitions from crystal-to-liquid 
crystal are marked by one or more endotherms. When 
multiple peaks were observed, the highest temperature one 
was attributed to the crystal-mesophase transition. 
Hot-stage polarizing microscopy yielded no evidence for 
fluidity below this transition. The lower temperature peak 
must represent undefined crystal-crystal transitions; the 
peaks are broad and separated by relatively small tem- 
perature differences. Identification of the nature of these 
phase changes will be difficult. It is possible that these 
diesters are polymorphic; multiple melting peaks are not 
uncommon for polyesters.1° 

DSC scans of compound 11-b are shown in Figure 2 for 
heating (a) and cooling (b); the first and subsequent 
heatings give identical results. The liquid crystal-to-iso- 
tropic transition is a broad one centered at  104 "C; the 
crystal to liquid crystal transition occurs a t  74 OC. In a 
Mel-Temp apparatus, the melt transition was observed 
between 50 and 80 "C; a t  130 "C, the melt is clear. There 
is a crystal-to-crystal transition at 59 "C. The cooling scan 
(Figure 2b) has two broad exotherms at  103 and 70 OC. 
Under polarizing microscope, 11-b has a fanlike or focal 
conic texture a t  86 "C, suggesting strongly a smectic 
morphology. 

V 

i 
2 0  4 0  6 0  8 0  100 1 2 0  

TEMPE R A T U R E  ( ' C )  

Figure 2. DSC thermograms of TLCC 11-b: (a) heating scan; 
(b) cooling scan. First and subsequent heating give identical 
results. 

I 

4 0  6 0  8 0  100 1 2 0  1 4 0  

T E M P E R  A T  U R E  ( ' C  ) 

Figure 3. DSC thermograms of TLCC 11-c: (a) second and 
subsequent heating scans; (b) cooling scan. 

The first heating of TLCC 11-c gives broad unresolved 
transitions in the 80-100 OC region. The DSC curves for 
all subsequent heatings (Figure 3) resembled that for 11-b 
(Figure 2). Crystal-crystal, crystal-nematic, and nemat- 
ic-isotropic transitions are centered at 90,101, and 129 "C, 
respectively. On cooling, isotropic-to-liquid crystal and 
liquid crystal-to-crystal transitions are found at  104 and 
43 "C, respectively. In the melting point apparatus, the 
material becomes a cloudy fluid at  94-97 "C and is clear 
a t  132 OC. A photomicrograph at  95 "C revealed a classic 
Schlieren texture, suggesting a nematic mesophase. Above 
100 "C, polarizing microscope showed coexistence of iso- 
tropic and nematic mesophases. Cooling from the isotropic 
state to 70 "C produced a mixture of spherulites in a ne- 
matic-liquid crystal phase. 

DSC heating scans for 11-d remain substantially un- 
changed from the first heating to subsequent heatings. 
The compound exhibits both smectic and nematic meso- 
phase in passage from the crystal to the isotropic state."*12 
Polarizing microscopy showed well-defined elliptical focal 
conic texture for the smectic mesophase and the Schlieren 
texture for the nematic m e ~ o p h a s e . ~ ~ , ~ ~  The DSC scans 
(Figure 4) showed crystal-to-crystal, crystal-to-smectic, 
smectic-to-nematic, and nematic-to-isotropic transitions 
at  73, 80, 107, and 115 OC, respectively. There are, upon 
cooling, three exotherms at  109, 104, and 47 "C. 

The thermal properties of TLCC's are summarized in 
Table 11. 

Twin Liquid Crystalline Polymers. Thermal be- 
havior of TLCP's 111-a-e is simpler than that of the low 
molecular weight twins. Both 111-a and 111-b exhibited two 
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b I 

4 0  6 0  8 0  100 1 2 0  

T E M P E R  A T  u REC'C)  

Figure 4. DSC thermograms of TLCC 11-d: (a) second heating 
scan; (b) cooling scan. 

~~ 

2 0  40 60 80 100 120 

TEMP E R A T  U R E  ('C ) 

Figure 6. DSC thermograms of TLCP 111-b: (a) heating scan 
after rapid quench from isotropic state; (b) cooling scan. 

A 

V 

2 0  4 0  6 0  80  100 120  

T E M P E R A T U R E ( " C )  

Figure 5. DSC thermograms of TLCP 111-a: (a) heating scan 
after rapid quench from isotropic state; (b) cooling scan. 

Table I1 
Thermal Properties of TLCC's 

thermodynamic 
compd transitions' parameters 

-64 O C  -115'C 
K z M - 1  

11-a 

11-b K, 69Dc K2 24'c S I AHs-, = 757 cal mol-' -.  

ASs-1 = 2.0 cal mol-' K-' 
11-c Kl 9o'c K2 lol'c N I "-1 = 53 cal mol-' 

11-d 
= 0.13 cal mol-' K-' 

"-1 = 307 cal mol-' 
ASN-I = 0.79 cal mol-' K-' 

Kl 73'c K2 80°C S 
N 115 'C. 

111-a K S  M S  I A H W - r  = 434 cal mol-' 
= 1.35 cal mol-' K-l 

ASM-I = 0.08 cal mol-' K-' 
111-b K 27pc M S  I mH,_, = 27 cal mol-' 

111-c K S S 6 7 0 C N 8 0 0 C I  A . H N - ,  = 377 cal mol-' .. . 
ASN-I = 1.07 cal mol-' K-' 

'Phases are K = crystal, M = mesophase of unspecified nature, 
N = nematic, S = smectic, I = isotropic. 

transitions, one near room temperature and the second 
near 50 "C on the first heating and all subsequent heatings 
(Figures 5 and 6). The values of AHK-,_, are typically 
higher on the first heating. TLCP 111-c with a relatively 
short spacer exhibits more complex behavior. The first 
heating gave a single transition a t  ca. 50 "C; two were 
observed on the second heating, while the third and all 
subsequent heatings produced three reproducible transi- 
tions (Figure 7, Table 11). Optical polarizing microscopy 
confirmed the formation of fluid, birefringent phases, and 
even of two different liquid crystalline phases in the case 
of 111-c. Optical birefringence of these phases is weak, 

2 0  4 0  60 so 100 

T E M P  E R A  T u R E('C > 
Figure 7. DSC thermogram of TLCP 111-c: (a) heating scan after 
rapid quench from isotropic states; (b) cooling scan. 

probably owing to dilution of mesogen by long spacers, and 
no characteristic texture was observed. Thus, while it is 
reasonable that the two mesophases exhibited by 111-c are 
smectic and nematic, no evidence for this is a t  hand. 

Conclusions 
Replacing the short methoxy group at  the mesogen 

terminus with a longer flexible n-butoxy group noticeably 
enhances mesophase formation and results in higher or- 
dering. For example, 11-a appears to be a borderline liquid 
crystalline material, while its butyl analogue 11-b exhibits 
a well-defined smectic mesophase. Only the butoxy com- 
pounds exhibit the more highly ordered smectic-type 
mesophases. Clearing entropies suggest that the nematic 
phase of 11-d (ASc = 0.79 cal M-l K-l) is more highly 
ordered than that of 11-c (AS, = 0.13 cal M-l K-l). This 
effect of linear alkyl groups enhancing liquid crystallinity 
is well-known and may be manifest in the effects observed 
when the triethylene glycol spacer is changed to the stiffer 
decamethylene spacer. The decamethylene derivatives 
exhibit higher temperature crystal-to-mesophase and 
clearing transitions as expected from greater spacer rig- 
idity. The decamethylene compounds exhibit either more 
pronounced liquid crystallinity, 11-a vs. 11-c or an enhanced 
mesophase temperature domain, 11-b vs. 11-d. 

Of the greatest significance is the behavior of TLCP 
(111-a-c) with polymeric spacers. The possibility that the 
26 "C transition of 111-a is simply a melting of the poly- 
(THF) spacer is belied by the almost identical behavior 
of 111-b which has a noncrystallizable PPO spacer with a 
very low intrinsic glass transition temperature. These 
samples consist of two promesogens joined by flexible 
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1760, exhibited a mesophase, and that was stable over a 
range of only five degrees. 

We feel that an important factor favoring mesophase 
formation in our compounds in which two small prome- 
sogens are connected by a long flexible chain is that the 
aromatic end groups and the poly(THF) or poly(PP0) 
spacer possess very different solubility parameters, leading 
to a strong tendency toward microphase separation of 
mesogen from spacer. This would be analogous to the 
well-known phenomenon of phase separation in block co- 
polymers. We suggest that phase separation can be an 
important contributing factor toward mesophase formation 
in these and related materials which possess relatively 
low-volume percentages of mesogen. 
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