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CHlRAL SMECTIC LIQUID CRYSTALLINE POLYMERS 

BRUCE HAHN AND VIRGIL PERCEC 
Department of Macromolecular Science, Case 
Western Reserve University, Cleveland, OH 

4 4 1 0 6  

Abstract 

The synthesis of side-chaln liquld 
crystalline polyslloxanes, copolyslloxanes 
and of tetracycloslloxanes contalnlng 
chlral mesogenic side groups, l.e, trans- 
2[p-(l-undecanyl-ll-oxy~phen~l1-5-C~~-2~S~- 
methy1-1-butoxy)pheny1]-1,3-dioxane, trans- 
2-[p-(2(S)-methyl-1-butoxy~phenylI-5-~11- 
undecalenyl)-1,3-dloxane and 2-C4-(2(S)- 
methyl-butoxy)-phenvll-S-~~-alk~l~-l,3,2- 
dioxaborlnane with alkyl being undecanyl, 
octyl, and hexyl Is discussed. 
Differential scanning calorimetry and 
thermal optlcal polarization mlcroscopy 
revealed chiral smectlc mesomorphlsm for 
polymers contalnlng eleven methylene unlts 
in the flexlble spacer. The polymers 
contalnlng undecanyl spacers present a 
chlral smectic C mesophase. The 
polyslloxanes with hexyl spacers exhibit a 
chlral nematic mesophase. 
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126 B. HAHN AND V. PERCEC 

lntroductlon 

In 1975 Meyer et.al.(l,2) predlcted that tllted 

chlral smectlc llquld crystals should exhlblt 

ferroelectrlclty. Low molar mass ferroelectrlc 

chlral smectlc llquld crystals have been 

syntheslzed and are presently under extenslve 

research In a number of laboratories (3.4 1 .  The 

reported synthesls of slde chaln llquld 

crystalllne polymers contalnlng chlral smectlc 

llquld crystalllne mesogenlc unlts are very few 

( 5 , 6 ) .  This paper wlll discuss our 

accompllshments In syntheslzlng chlral smectlc 

slde chaln llquld crystalllne polymers. 

Slde chaln Ilquld crystalllne polymers are 

obtalned by attachlng mesogenlc compounds to 

polymer backbones through flexlble spacers ( 7 ) .  

Chlral smectlc slde chaln polymers are obtained 

uslng a mesogenlc compound whlch contalns a chlral 

center. Slde chaln llquld crystalllne polymers 

contalnlng more than 6 or 7 methylenlc unlts In 

the flexlble spacer usually undergo slde chaln 

crystalllzatlon ( 8 1 ,  however recent work from our 

laboratory has shown that the use of mesogenlc D
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CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS 127 

unl ts wh 

drast Ica 

ch undergo conformatlonal lsomerlsm wlll 

ly depress the slde chaln 

crystalllzatlon. This Is due to the presence of a 

mlxture of conformers which are In a dynamlc 

equlllbrlum. These different conformers are more 

dlfflcult to crystalllze than an lndlvidual Isomer 

(9,101. Based on these facts, we prepared chlral 

smectlc slde chaln llquld crystalllne polymers 

contalnlng chlral mesogenlc unlts based on trans- 

2,5-dlsubstltuted-l,3-dloxane and 2,5- 

dlsubstltuted-1,3,2-dloxaborlnane. The trans-2,5 

dlsubstituted-1,3-dioxane mesogens exhibit a chalr 

conformatlon, and the substltuents In the 2 and 5 

posltions are elther in an axial or an equatorlal 

placement which are In a dynamlc equlllbrlum. 

Although In the case of low molar mass compounds 

there Is llttle dlfference between the axlal 

and equatorial Isomers, once these mesogenlc unlts 

are attached as slde groups to polymeric systems, 

thls mlxture of Isomers depresses the slde chain 

crystalllzatlon (Flgure 1 ) .  The synthesis of 

these polymers Isoutlinedln Scheme 1 .  
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128 B. HAHN AND V. PERCEC 

Figure 1 :  Drawlng deplctlng effect of 
equatorlal to axlal lsomerlzatlon 
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129 CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS 

Scheme 1 :  Synthesis of polysiloxane llquld 
crysta 1 s 

EXPERIMENTAL 

Detalled experlmental condltlons concernlng the 

synthesls and characterlzatlon of these polymers 

are In press elsewhere ( 1 1 ) .  
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130 B. HAHN AND V. PERCEC 

RESULTS AND DISCUSSION 

The synthesls of trans-2[p-(l-undecanyl-ll- 

oxy)phenyll-5-[(p-2(S)-methyl -l-butoxy)-1,3- 

dloxane ( 1 )  Is outllned In Scheme 2. The chlral 

group was Inserted onto thls mesogenlc unlt by 

startlng wlth commerclally avallable S(-1-2- 

methyl-l-butanol. The synthetlc steps were chosen 

to avold Its racemlzatlon. The formatlon of the 

dloxane rlng (Schemes 2a,2b) resulted In both C I S  

and trans Isomers, however the trans  Isomer could 

easlly be separated  by fractlonal crystalllzatlon. 

f o C H ~ O G H $ ~ - C H = C H 2  

I c6% 

Scheme 2a: Synthesls of mesogen type 1A D
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CHIRAL SMECIlC LIQUID CRYSTALLINE POLYMERS 131 

E ~ 2 0  I L ~ A L H ~  

C2 "5- H $ - CH2- O O C  1 H 
yH20H 

CH20H 

CH3 

PY 
CH2=CH-(CH2)g-OH + CLTS - CH2=CH-(CH&-OTs 

Scheme 2b: Synthesls of mesogen type 1 A  
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I32 B. HAHN AND V. PERCEC 

Scheme 3 outllnes the synthesls of trans-2-Cp- 

(2(S)-methyl-l-butoxy~phenyll-S-(ll-undecylenyl)- 

1,3-dloxane (181. 

Scheme 3: Synthesls of mesogen type 18 
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CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS I33 

The formatlon of the dloxane rlng for thls 

compound resulted In a mlxture of C I S  and trans 

Isomers wlth the C I S  content belng as hlgh a s  23%. 

Thls mlxture was llquld at room temperature and 

requlred multlple crystalllzatlons at -70°C from 

dlethyl ether In order to obtaln the pure trans 

i somer. 

One of the goals of thls research was to 

study the effect of the flexlble spacer length on 

the mesomorphlc behavlor of these polymers, 

however due to the dlfflculty of lsolatlng the 

pure trans Isomer of the dloxane compounds, we 

declded to prepare a comparable mesogen based on 

the 1,3,2-dloxaborlnane rlng. The dloxaborlnane 

rlng does not exhlblt cls-trans Isomerism due to 

the trlvalent boron atom at posltlon 2 on the 

dloxaborlnane rlng. The synthesls of the 2 , 5 -  

dlsubstltuted-1,3,2-dIoxaborInanes ( 1 C )  Is 

outllned In Scheme 4. 
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134 B. HAHN AND V. PERCEC 

Scheme 4: Synthesis of mesogen type 1C 
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CHIRAL SMECTlC LIQUID CRYSTALLINE POLYMERS I35 

The synthesls of the llquld crystalllne 

polyslloxanes Is deplcted In Scheme 1. The 

mesogenlc units were purlfled by column 

chromatography before performlng the hydrosllatlon 

reactlon. It Is essential that the hydrosllatlon 

reactlon Is complete, especlally In those polymers 

which exhlblt a low glass transltlon temperature. 

Crossllnklng can occur during the drylng of the 

polymer I f  any unreacted SI-H remalns. 

The monomeric compounds, lA,lB, and 1C 

(Scheme 1 )  were characterlzed by both dlfferentlal 

scanning calorlmetry (DSC) and thermal polarized 

optical microscopy. Monomers 16 and 1C undergo 

crystalllne meltlng. The monomer 1A exhlblts a 

Ilquld crystalllne Ss mesophase from 91.4OC to 

120.Z0C on heatlng and between 118.4OC and 71.4OC 

on the coollng scan. A monotroplc Sr mesophase 

appears between 71.4OC and 66OC. 

Flgure 2 deplcts the DSC traces for the 

polysiloxane contalnlng 1A slde groups. The flrst 

heatlng scan reveals a meltlng transltlon at 93°C. 

Thls transitlon can be asslgned to meltlng due to 

Its lower enthalpy change In the second heatlng D
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136 B. HAHN AND V. PERCEC 

curve (Table 1 )  and due to Its hlgh degree of 

supercoollng In the coollng scan (i.e. from 730C 

to 38°C). Optlcal polarizatlon microscopy 

and the enthalpy of isotropization support a 

smectic mesophase. 

3gO 

C 

149 38 65 

10 30 90 130 170 
T(% ) 

Fiqure 2: Nornalized DSC Thermograms for 
polysiloxanes containing mesogen 1 A ;  A )  first 
heating scan after annealing above Tg; B) 
second heating scan; 0) second coollng scan 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
2:

58
 1

9 
Fe

br
ua

ry
 2

01
3 



w
 

b E
 
P
 

3
 

a
 
0
 

T
a
b
l
e
 
1 

T
h
e
r
m
a
l
 
T
r
a
n
s
l
t
l
o
n
s
 a
n
d
 
T
h
e
r
m
o
d
y
n
a
m
i
c
 P
a
r
a
m
e
t
e
r
s
 

o
f 

P
o
 I Y

S
 1 I o

x
a
n
e
s
 

H
e
s
o
g
e
n
 

H
e
a
t
i
n
g
 

C
o

o
 I i n

g
 

T
2
 

Ti 
TI 

T
2
 

A
T

 
A
H
 

T
y
p
e
 

S
c
a
n
 

T
g
 

A
H
 

A
H
 

Tl 
A
H
 

-
 

-
 

T
1 

-
 

1
A

 
1 

3
0
 

7
3
a
 

7
8
 

1
4
0
a
 

1
.
8
 

0
.
0
0
5
 

1.6 
2
 

3
0
 

6
9
b
 

- 
1
5
2
 

0
.
5
6
 

- 
1
.
2
 

lB 
1 

4
 

5
0
a
 

9
1
a
 

0
.
4
 

- 
0
.
2
 

0
.
0
3
 

- 
0
.
2
 

0
.
1

 
- 

1
.
5
 

- 

2
 

4
 

5
0
 

- 
9
7
 

LC 
2
 

-
7
 

1
9
 

- 
8
5
 

a
)
 after annealing 

a
b
o
v
e
 

T
g

, 
b
)
 
o
v
e
r
l
a
p
p
e
d
 

T
=
O
C
,
 AH
=
k
c
a
l
/
r
n
r
u
 
(
m
r
u
=
m
o
l
e
 r
e
p
e
a
t
 
u
n
i
t
)
 

9
7
 

- 
0
.
2
 

- 
7
9
 

- 
1.5 
t
r
a
n
s
 i ti o

n
s
 

I
 

- 3
8
 

0
.
1
 

- 4
0
 

.0
5

 
17 
0
.
1
 

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

2:
58

 1
9 

Fe
br

ua
ry

 2
01

3 



138 B. HAHN AND V. PERCEC 

The DSC traces for the polyslloxane wlth 18 

type slde groups are deplcted In Flgure 3. Thls 

polymer undergoes a smectlc-smectlc transltlon at 

5 0 ° C .  Thls transltlon Is characterlzed as a 

smectlc-smectlc transltion, even though Its 

enthalpy changes on subsequent scans. Thls Is due 

to Its non-supercoollng on the cooling scan. The 

smectlc phase between 50 and 97OC resembles a 

pseudo-homeotroplc petal texture characteristic of 

a S, mesophase. On increaslng the temperature 

from 50°C to 97"C, the color of the mesophase 

changes from blue to red , In the opposite way a 

cholesterlc mesophase does (12,131. The enthalpy 

of lsotroplzatlon Is In the range expected f o r  a 

nematic or cholesterlc mesophase to an Isotropic 

llquld (141, however thls Is not unexpected wlth 

mesogenic unlts exhlbltlng conformatlonal 

Isomerlsm. The cooling scan exhlblts the 

formatlon of a smecltc A mesophase at 97OC (the 

formatlon o f  b2tonnets Is seen In the optlcal 

mlcroscope) dlrectly followed by a smectlc-smectlc 

trans1 t I on. 
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CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS 

97 

139 
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140 B. HAHN AND V. PERCEC 

-7 

X: I3 
YZ27 

Flgure 4: Normallzed DSC thermograms for 
polyslloxane contalnlng mesogen type 1C 

The polymer exhlblts a smectlc mesophase Just 

above the glass transltlon temperature ( -7°C) 

whlch could not yet be asslgned. At 19OC the 

polymer undergoes a smectlc-So transltlon. The So 

phase goes Isotroplc at 85-C. The coollng scan D
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CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS 

0 n 

141 

OC 

A=o RED -40 
B 4 BLUE-68 
C 10 RED -75 
D+YELLOW-81 
E 4 BLUE-83 

'9 A . t -  

presents a very narrow Sa mesophase whlch 

transforms to S, at 79OC.  The DSC barely 

dlscrlmlnates between these two transltlons. 

Optlcal polarlzatlon mlcroscopy can clearly reveal 

the formation of batonnets just before 79°C. 

These betonnets undergo a dlrect transltlon Into a 

pseudo-homeotroplc petal texture slmllar to the 

polyslloxane contalnlng 1 A  type slde groups. 

17 

Flgure 5: DSC thermograms (polyslloxane wlth 
1C) Indlcatlng color changes seen In the 

optlcal polarlzlng mtcroscope 
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142 B. HAHN AND V. PERCEC 

Flgure 5 represents the reproduclble color 

changes thls polymer undergoes durlng heatfng In 

the opttcal polarized mfcroscope. Based upon 

these textures, enthalpy changes (Table 1 )  and 

color changes (Figure 5 )  we have asslgned thls 

PO 

PO 

ymer as havlng a chlral smectlc C mesophase. 

Figure 4 also shows the DSC traces of a 

yslloxane copolymer conslstlng of 

dlmethylsiloxane ( 6 7 % )  and methyl slloxane 

contalnlng mesogen 1C. It Is lnterestlng to point 

out that by changing the composltlon and by 

changlng the molecular welght of the polymer one 

can affect the temperature ranges of the 

mesophases. The copolyslloxane In Flgure 4 has 

the Sc mesophase at room temperature. The effect 

of molecular welght and copolymer composltlon Is 

currently belng studled in our laboratories. 

One of the potentlally most Important results 

obtalned from studylng these systems is the 

blphaslc behavlor exhlblted by the copolymers. 

Figure 6 represents the low temperature DSC traces 

of the polyslloxane copolymers (Traces A and 81. 
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CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS I43 

Two g 

cop0 

ass transltlons are seen In both of these 

ymers. The lower glass transltlon Is 

asslgned to the independant motlon of the 

dimethylslloxane maln chaln (i.e. Trace C )  and the 

higher glass transltlon Is asslgned to the 

cooperative but lndependant motlon of the slde 

groups. Thls blphaslc behavior suggests that not 

only I s  the spacer length Important In decoupllng 

the motlon of the polymer 

X= I3 

A 

x= 5 
Y= 25 

-123 4 
-120 -80 -40 0 

Flgure 6: Low temperature DSC thermogram of 
polyslloxane copolymers contalnlng mesogen 

type 1C 

TCC) 
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144 B. HAHN AND V. PERCEC 

backbone from the mesogenlc unlt, but also the 

mlsclblllty between the polymer backbone and the 

slde groups. Evtdence for a hlgh degree of 

decoupllng Is the presence of backbone 

crystalllzatlon and Its meltlng overlapping the Tg 

of the slde groups. Thls certalnly demonstrates 

that the two motlons are Independant. 

The mesogenlc unlt of type 1C was also 

prepared wlth dlfferent flexible spacer lengths , 

(-CH2-),-,, n belng 6, 8 and 1 1 .  The DSC traces of 

these polymers are deplcted In Flgure 7. The 

polysjloxanes wlth 6 and 8 methylentc unlts 

spacers dlsplay a glass transltlon temperature and 

an Isotroplzatlon. Nelther polymer exhiblts the 

smectlc-smecttc transltlon just above Tg as seen 

wlth the 1 1  methylenlc unlts spacer. The 

enthalpY of lsotroplzatlon (Table 2) for the 8 

methylenlc unlts spacer Is In the range expected 

for a smectlc mesophase, however the 

lsotroplzatlon enthalpy for the 6 methylenlc unlts 

spacer Is In the range expected for a nematlc or 

cholesterlc mesophase. No deflnttlve asslgnment 
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CHIRAL SMECTIC LIQUID CRYSTALLINE POLYMERS 145 

of thls mesophase Is avalllble at the present 

tlme. 

I 

Flgure 7: DSC thermograms of polysiloxanes 
containing mesogen type 1C wlth dlfferent 

methylene units spacers ( 6 , 8  and 1 1 )  
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146 B. HAHN AND V. PERCEC 

A novel type of llquld crystal has also been 

prepared uslng the mesogen type 1C and by 

attaching It to the eight membered rlng 1 , 3 , 5 , 7 -  

tetramethylcyclotetraslloxane (Schemes 5 and 6). 

The DSC traces of these crown llke llquld crystals 

are shown In Flgure 8. It Is Interesting to note 

the slmllarltles In the thermal behavlor between 

these cycllc compounds and the polymers (Figures 7 

and 8, Tables 2 and 3). It Is not yet clear 

whetherthese crown compounds exhlblt calamitic or 

dlscotlc mesophases. However optical polarizatlon 

mlcroscopy seems to indlcate dlscotlc type 

mesophases which were recently predlcted for thls 

class of llquld crystalllne compounds ( 1 5 ) .  

Whether the disk-like mesophase represents the 

flrst example of a chlral smectlc C dlsk-llke 

mesophase or not, It is dlfflcult to speculate at 

thls time. A complete detailed report of these 

polymers Is In progress. 
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Scheme 5: Crown llke l l q u l d  crystal 

7 
I CAT. 
H 

+ ,H 
H 

R-CZC, 

Scheme 6: Synthesis of crown llke l l q u l d  crystals 
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148 B. HAHN AND V. PERCEC 

I 

ll0 *TI%) 7U -ID 

Flgure 8: DSC Thermograms of cycllc slloxanes 
contalnlng mesogen type 1C wlth different 
methylene unlts spacers ( 6 , 8 ,  and 1 1 )  
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