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THERMOTROPIC HYDROCARBON LIQUID CRYSTALLINE MONOMERS 
AND MODEL COMPOUNDS 

JOSEPH J. MALLON and SIMON W. KANTOR 
Polymer Science and Engineer ing Department 
U n i v e r s i t y  o f  Massachusetts, Amherst, Ma. 01003 U.S.A. 

Abs t rac t  A v e r s a t i l e  syn thes is  o f  hydrocarbon l i q u i d  
m i n e  monomers and model compounds has been deve- 

The eneral  formula o f  t h e  monomers i s  
I ! l ~ ~ ~ ~ ~ & - & (  CH2)m-CH=CH2 Some o f  these compounds 
are  1 i q u i d  c r y s t a l  1 i ne a t  room temperature and 
g e n e r a l l y  e x h i b i t  smect ic B phases. A s y n t h e t i c  modi- 
f i c a t i o n  a l lows the  p repara t i on  o f  model compounds w i t h  
t h e  general formula H 2 n + l C n ~ ( C H 2 ) ~ C n H 2 n + l .  
Several o f  these l a t t e r  compounds are l i q u i d  
c r y s t a l l i n e  and e x h i b i t  we l l  de f i ned  smect ic 
nesophases. Data ob ta ined from d i f f e r e n t i a l  scanning 
ca lo r ime t ry ,  p o l a r i z e d  l i g h t  o p t i c a l  microscopy and 
X-ray d i f f r a c t i o n  are  discussed. 

INTRODUCTION 

I n  t h e  pas t  t e n  years t h e r e  has been a g rea t  deal  o f  

i n t e r e s t  i n  hydrocarbon l i q u i d  c r y s t a l s .  Table I i s  a com- 

p i l a t i o n  o f  var ious  hydrocarbon mesogenic s t r u c t u r e s  c i t e d  
i n  t h e  recent  l i t e r a t u r e .  The t a b l e  has been subd iv ided 

i n t o  t h r e e  ca tegor ies  accord ing  t o  whether t h e  mesogen i s  
a l i c y c l i c ,  aromat ic o r  a combinat ion o f  bo th  types. Tcl  
and S/N r e f e r  t o  t h e  range o f  c l e a r i n g  temperatures and t h e  

phase t ype  (smect ic/nematic)  reported, respec t i ve l y .  I n  

general ,  R=R'= n-a1 k y l  . 
t a i n  s t rong  d i p o l e s  o r  hydrogen bonds, t h e  i n t e r m o l e c u l a r  

a t t r a c t i o n s  are due t o  r a t h e r  weak d i s p e r s i o n  forces. 

Since these compounds do no t  con- 
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26 I .  I. MALLON AND S. W.  KANTOR 

Given favorable packing, the ani sotropy o f  these d ispers ion 
forces and the anisotropy o f  molecular shape are the  two 
f a c t o r s  tha t  determine the  s t a b i l i t y  o f  t he  mesophase.1**4 

The r e l a t i v e  c o n t r i b u t i o n  o f  these two f a c t o r s  i s  d i f f i c u l t  

t o  determine because o f  t h e i r  inherent  inseparabi  1 i t y .  
However, greater anisotropy i n  e i t h e r  category genera l ly  
means enhanced s t a b i l i t y .  The r e l a t i v e  weakness o f  the 
a t t r a c t i v e  forces i n  hydrocarbon mesogens i s  o f f s e t  by 
t h e i r  an i so t rop i c  shape. The weakness o f  these forces may 

a l so  be responsible f o r  the lower v i s c o s i t i e s  ( r e l a t i v e  t o  

more po la r  d e r i v a t i v e s )  reported 5.11915 f o r  some of t h e  

e n t r i e s  i n  Table I ,  p a r t i c u l a r l y  f o r  en t r y  #lo.  On the 
basis o f  the " l i k e  dissolves l i k e "  r u l e  o f  thumb, one might 

a1 so expect good sol  ub i  1 i t y  i n  non-pol a r  sol vents f o r  these 

hydrocarbons. 

TABLE I 

S/N Reference Tc1* 
Entry # Structure 

Al lcycl lc  

1 

2 

3 

4 

5 

6 

26-110 

Rc)oo.s 24gb 

R dR' 74-99 

246a 

S.N 

S 

S 

S 

N 

S 

1.3.5.7 

I 

1.2 

10 

16 

3 
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HYDROCARBON LIQUID CRYSTALLINE MONOMERS 21 

TABLE I (continued) 

Entry Y Structure T,.., C S/N Reference 

Rlicycllc-Clromatlc 

7 R@~CH~DR * 9-58 S.N 5,7,17 

8 R G C H ~ C H O R  0 16-62 S.N 17 

9 -11-92 S.N 1.4.5 

10 R C ) C H ~ C H ~ ~ R ~  126-145 S,N 7.11 

11 82-144 S.N 3,18.22 

12 R W '  107' S 1.19 

R m R '  18.20 
93-171 S. N 1,3,14,15 13 

14  155-210 S,N 9 

15 R 

16 R 

25-55 N 12 

49-61 S.N 12 

17 R # C H 2 C H 2 m R '  239-274 S.N 3,7 

18 R ~ c H ~ c H ~ - @ H ~ C H ~ ~  R '  ie8d S 7 

19 R' 311e S.N 3,7,15 
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28 J. J .  MALLON AND S. W. KANTOR 

TABLE I (continued) 
StN Reference Tcl0 

Entry Structure 

CIroma 1 l c  

20 

21 

22 

23 

24 

25 

26 

80- 1 32 

28-84 

185-228 

139-191 

148-164 

425 

565 

N 

S 

S 

S 

S.N 

S.N 

S.N 

8 

1.2.5.6 
th ls  work 

1.19.21 

t h l s  work 

13 

23 

23 

a) R=R'= C5Hll 
b) R=R'= C7H15 
c )  R=R'= C4Hg 
d) R= C4Hg, R'= C5Hll 
e) R= C3H7, R ' =  C5Hll 

Another area i n  which there has been considerable a c t i -  

v i t y  i n  recent years i s  the f i e l d  o f  l i q u i d  c r y s t a l l i n e  
polymers. Most, i f  not a l l ,  o f  these polymers incorporate 
heteroatoms such as N or  0 i n  t h e i r  s t ructures.  I n  t h e  
main chain systems polyamides and polyesters  seem t o  predo- 

minate, wh i l e  the vast m a j o r i t y  o f  s ide chain l i q u i d  
c r y s t a l  1 i n e  polymers are based on po lys i  loxanes, po ly(  meth- 

acry1ate)s and poly(acry1ate)s.  By analogy w i t h  low mole- 
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HYDROCARBON LIQUID CRYSTALLINE MONOMERS 29 

c u l a r  weight l i q u i d  c r y s t a l s ,  t h e  s t rong  d i p o l e s  and/or hy- 

drogen bonds i n  these polymers c o n t r i b u t e  t o  t h e  s t a b i l i t y  

o f  t he  mesophase, bu t  should no t  be necessary f o r  i t s  f o r -  

mation. To our knowledge, no hydrocarbon l i q u i d  c r y s t a l -  

1 i n e  polymers have been prepared which i n c o r p o r a t e  any o f  

t h e  mesogens l i s t e d  i n  Table I. I n  t h i s  repo r t ,  a simple, 
v e r s a t i l e  syn thes is  o f  hydrocarbon l i q u i d  c r y s t a l l i n e  

monomers and model compounds i s  described. The charac- 

t e r i z a t i o n  o f  these m a t e r i a l s  i s  a l s o  discussed. A f u t u r e  
r e p o r t  w i l l  d e t a i l  t h e  polymer syn thes i s  and p roper t i es .  

SYNTHESIS 

A s ide  cha in  l i q u i d  c r y s t a l l i n e  polymer con ta ins  f o u r  e l e -  

ments: main chain, f l e x i b l e  spacer, mesogen and t e r m i n a l  

group ( t a i l ) .  See F igu re  1. 

Maln chaln 

Flexlble spacer 

Nesoqen 0 
F i g u r e  1 

Elements o f  a s ide  cha in  l i q u i d  c r y s t a l  polymer 
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30 J.  J .  MALLON AND S. W. KANTOR 

The simplest s t r u c t u r e  which incorporates these elements 

consis ts  o f  a main chain, f l e x i b l e  spacer and terminal  
group constructed from n-a lky l  groups. 

gen was chosen because i t s  d e r i v a t i v e s  are the lowest 
me l t i ng  o f  the aromatic mesogens and because o f  t he  ava i l a -  

b i l i t y  o f  convenient syntheses. 

shown i n  Figure 2. 

The biphenyl meso- 

The t a r g e t  polymer i s  

8 
Figure 2. Target polymer s t ructure.  

The synthesis o f  an appropr ia te hydrocarbon monomer i s  

i l l u s t r a t e d  i n  Scheme I. The terminal  double bond may be 
polymerized w i t h  t r a n s i t i o n  metal c a t a l y s t s  t o  g ive the  

t a r g e t  polymer. 
o f f e r s  the prospect o f  t a c t i c i t y  cont ro l .  

The use o f  t r a n s i t i o n  metal c a t a l y s t s  a lso 
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HYDROCARBON LIQUID CRYSTALLINE MONOMERS 31 

Scheme I 

The syn thes is  o f  t h e  s t a r t i n g  compound - 1 fo l l ows ,  w i t h  

minor m d i f  i c a t i o n ,  from t h e  work o f  Grey e t  a1 . 25926 
R e f l u x i n g  t h e  Grignard reagent formed from - 1 w i t h  a 3X 

molar  amount o f  1,8 dibronooctane 27,30 produced t h e  major 
p roduc t  - 2 and t h e  minor product - 3. 

n o t  i s o l a t e d  i n  a pure s t a t e  because i t  was d i f f i c u l t  t o  
d i s t i l l  o r  r e c r y s t a l l i z e .  High p u r i t y  was not necessary 

because t h e  trimethylammonium bromide s a l t  formed i n  t h e  

nex t  step was d i sso l ved  i n  water and t h e  water i n s o l u b l e  

i m p u r i t i e s  were removed by f i l t r a t i o n .  Heat ing  t h e  tri- 

methyl  ammoni um hydrox ide  d e r i v a t i v e  (Hoffman e l i m i n a t i o n )  

i n  t h e  f i n a l  step produced t h e  des i red  monomer - 4. 
The minor product - 3 was on ly  s l i g h t l y  s o l u b l e  i n  

d i e t h y l  e ther ,  t h e  so l ven t  used f o r  t h e  workup o f  2, so - 3 

The major p roduc t  2. was 
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32 J. J. MALLON AND S. W. KANTOR 

was e a s i l y  removed by f i l t r a t i o n .  Subsequent r e c r y s t a l  li- 
zat ion  produced pure 3, which was usefu l  as a main chain 

l i q u i d  c r y s t a l l i n e  model compound. 

A t o t a l  o f  s i x  monomers and s i x  model compounds were 

synthesized. The length o f  the a l k y l  t a i l  was var ied by 
us ing s t a r t i n g  bromobiphenyls w i t h  d i f f e r e n t  a l k y l  subs t i -  

tuents. The spacer length was c o n t r o l l e d  by vary ing t h e  
type o f  dibromoal kane employed. Two mode1 compounds, 

2BP4BP2 and 4BP4BP4, (Table 111) were synthesized del ibera-  
t e l y  by ca r ry ing  out the f i r s t  step o f  the reac t i on  (Scheme 

I ,  step i )  w i t h  a 2: l  r a t i o  o f  Grignard reagent t o  d ib ro -  
moalkane. A1 1 o f  the compounds gave s a t i s f a c t o r y  elemental 
analyses and NMR spectra. The syn the t i c  d e t a i l s  and analy- 

t i c a l  data w i l l  be reported i n  a f u t u r e  communication. 

RESULTS AND DISCUSSION 

The mesomorphic p roper t i es  o f  the new monomers and model 

compounds are summarized i n  Tables I 1  and 111. 
D i f f e r e n t i a l  Scanning Calor imetry (DSC) and Polar ized L i g h t  

Opt ica l  Microscopy (POM) were used t o  cha rac te r i ze  the 

l i q u i d  c r y s t a l l i n e  phases. 

selected cases t o  conf i rm these resul ts .  

found t o  be l i q u i d  c r y s t a l l i n e .  
micrograph o f  a representat ive l i q u i d  c r y s t a l  1 i n e  monomer, 
MEBP46, are shown i n  Figures 3 and 4. Table I V  compares 
the  phase types and t r a n s i t i o n  temperatures o f  these fou r  

l i q u i d  c r y s t a l s  w i th  those o f  some s i m i l a r  hydrocarbon 

biphenyl l i q u i d  c r y s t a l s  from the l i t e r a t u r e .  A l l  o f  the 
compounds i n  Table I V  d i sp lay  smectic phases. 

X-ray d i f f r a c t i o n  was used i n  

O f  the s i x  monomers prepared i n  t h i s  study, four  were 

The DSC t race  and photo- 

The f i r s t  two monomers i n  Table I1 do not have t a i l s  
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HYDROCARBON LIQUID CRYSTALLINE MONOMERS 33 

TABLE I1 

T r a n s l t l o n  AH AS 
Code n m Temp., 'C K J m o l e  J/mole X 

mEBP04 

NEBP06 

~ E B P ~  

mEBP26 

IlEBP44 

NEBP46 

0 4  K 1.3 I 

0 6  K 18.3 I 

2 4  SB 26.3 I 

2 6  K 9.4 S8 

S8 28.2 I 

SB 38.5 1 
4 4  K 24.4 S8 

4 6  K -24.6 SB 
S8 42.4 I 

15.1 

21.0 

8.4 

4.8 

7.9 

0.75 

7.2 

2.2 
9.6 

55.1 

71.9 

28.0 

16.8 

26.3 

2.5 

23.1 

9.0 

30.5 

and are not l i q u i d  c r y s t a l l i n e .  The r o l e  o f  t h e  t a i l  i n  

t he  format ion o f  the mesophase w i l l  be discussed l a t e r .  

compounds shown i n  Table 111. These are "Siamese twin"29 
or gemini type l i q u i d  c r y s t a l s  conta in ing a f l e x i b l e  core 

and two biphenyl groups. A DSC t race  and an X-ray d i f f r a c -  

t i o n  p a t t e r n  (135OC) o f  a representat ive model compound, 

4BP8BP4, are shown i n  Figures 5 and 6. The X-ray d i f f r a c -  

t i o n  and POM observations (mosaic t e x t u r e )  prove t h a t  t h i s  

model compound d isp lays a smectic B phase. The ca l cu la ted  
end-to-end extended chain distance o f  4BP8BP4 i s  34.06 A .  
The laye r  spacing obtained from the  inner  r i ngs  o f  F igure 6 

Smectic phases were a lso exh ib i t ed  by some o f  t he  model 
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34 J.  J .  MALLON AND S. W. KANTOR 

TABLE I11 

Model compounds 

Trans1 t!on A H  A S  
Code n m  Temp.. C KJlmole J/nole'K 

EP8W 0 8  K 142.1 I 56.2 135.0 

28P48P2 2 4 K 181.5 I a  45.9 101.0 

28P68P2 2 6 K 119.7 S 3.9 10.0 

S 149.4 I 35.4 83.7 

28P88P2 2 8 K 128.7 S 8.4 20.9 
S 139.8 I 41.9 101.3 

48P48P4 4 4 K 130.6 S8 12.4 30.7 
S8 190.7 I 24.1 52.0 

48PBEP4 4 8 K 124.5 S8 12.5 31.4 
S8 140.6 I 27.4 66.2 

a) 2BP48P2 dlsplays a nonotroplc smectlc E phase f r o m  174.1 C t o  151.7X. 

i s  37.5 8.  The d i f f e rence  o f  3.4 bi i s  a t t r i b u t e d  t o  t h e  

space along the  chain d i r e c t i o n  between t h e  ends o f  the 

molecules. A spacing o f  3.3 4 has been obtained28 i n  t h i s  
way f o r  n-parraf ins.  The outer  r i n g  i n  F igure 6 
corresponds t o  an in termolecular  spacing o f  about 4.6 8 .  
BP8BP i s  not l i q u i d  c r y s t a l l i n e .  2BP4BP2 d isp lays a 
monotropic smectic B phase on coo l i ng  from 174.1OC t o  
151.7OC. Prel  i m i  nary observations o f  2BP6BP2 and 2BP8BP2 

i ndi cate t h a t  these compounds d i sp lay  a h i  gh order smecti c 

phase. I nves t i ga t i ons  are c u r r e n t l y  i n  progress t o  ascer- 
t a i n  t h e i r  prec ise nature. A l l  o f  the model compounds are 
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HYDROCARBON LIQUID CRYSTALLINE MONOMERS 35 

TABLE IV 

Bipheny l  Hydrocarbon 
L i q u i d  C r y s t a l s  

Entry # Structure 
Transltlon 
Temp., T Reference 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

HI 1 C 5 w 2 H 5  s 33.9 I 

H1 lC5-3"7 K -18 S 47.8 I 

lC5-SH1 1 

H 1 1 C 5 ~ c 6 H 1 3  

H l l C ~ C 7 H 1 5  

H~ I~5w~m 

H~ 1 ~ 5 w ~ z ~ - ~ ~ 3  

K 26 SE 47 S, 52 I 

SE 42 Ss 53.5 I 

SE 36 S, 63 I 

K 56.4 S 82.7 I 

K 60.5 S 83.4 I 

H,C,-(CH~),-CH=CH~ sB 26.3 I 

H 5 ~ 2 w ( ~ H 2 ) 6 - ~ H = ~ H 2  

H ~ C ~ ~ ( C H ~ ) ~ - C H = C H ,  

K 9.4  sB 28.2 I 

K 24.4 s8 38.5 I 

H S C m ( C H 2 ) 6 - C H = C H 2  K -24.6 SB 42.4 1 

5 

2 

1.6 

6 

6 

5 

5 

t h l s  work 

thls work 

t h l s  work 

this work 

soluble  i n  benzene, to1  uene , c j c l  ohexane and hexane. 

Increasing t h e  length o f  t h e  f l e x i b l e  core g e n e r a l l y  

r e s u l t s  i n  lower m e l t i n g  points  and t r a n s i t i o n  tem- 

peratures,  as expected29. 
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38 J.  J .  MALLON AND S. W. KANTOR 

FIGURE 4 
MEBP46 at 35OC with crossed polarizers 

Magnification: 460X 

FIGURE 6 
X-ray diffraction of 4BP8BP4 at 135'C 
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HYDROCARBON LIQUID CRYSTALLINE MONOMERS 39 

The t h r e e  molecules prepared i n  t h i s  study t h a t  do no t  
d i s p l a y  l i q u i d  c r y s t a l l i n e  phases, MEBP04, MEBP06 and 

BP8BP, are t h e  on ly  t h r e e  t h a t  do n o t  have t a i l s .  A l l  o f  
t h e  hydrocarbon b ipheny l  l i q u i d  c r y s t a l s  i n  Table I V  have 
t a i l s .  

o f  t h e  b ipheny l  msogen i s  a necessary (a l though no t  s u f -  
f i c i e n t )  c o n d i t i o n  f o r  t h e  fo rma t ion  o f  a l i q u i d  

c r y s t a l l i n e  phase i n  t h i s  c lass  o f  hydrocarbon l i q u i d  
c r y s t a l s .  The t a i l  p robab ly  inc reases  t h e  an iso t ropy  o f  
t h e  molecule by i n c r e a s i n g  i t s  e f f e c t i v e  a x i a l  r a t i o .  

A l l  o f  t h e  l i q u i d  c r y s t a l s  cha rac te r i zed  i n  t h i s  s tudy  
d i s p l a y  smect ic phases; 

ses. The compounds i n  Table I V  a l s o  d i s p l a y  s i m i l a r  phase 
c h a r a c t e r i s t i c s .  The K t o  S t r a n s i t i o n  en tha lp ies  (Tables 

I 1  and 111) o f  t h e  compounds prepared i n  t h i s  s tudy  are  

sma l le r  than t h e  respec t i ve  S t o  I t r a n s i t i o n s ,  i n d i c a t i n g  
a h i g h l y  ordered l i q u i d  c r y s t a l l i n e  phase. Th is  o rder  i s  
due t o  t h e  h igh  concen t ra t i on  o f  p o l a r i z a b l e  e l e c t r o n s  i n  

t h e  aromat ic r i n g s  compared t o  t h e  low concen t ra t i on  o f  
p o l a r i z a b l e  e lec t rons  i n  t h e  a l k y l  chains. A t t r a c t i v e  f o r -  

ces between these groups o f  p o l a r i z a b l e  e l e c t r o n s  are  t h e  
p r i n c i p a l  source o f  a t t r a c t i v e  fo rces  between t h e  molecu- 
l es ,  so i t  i s  not s u r p r i s i n g  t h a t  t h e  b ipheny l  r i n g s  have a 
s t ronger  tendency t o  assoc ia te  which he lps  t o  s t a b i l i z e  t h e  

smect i c  phases. Apparent ly  t h e  te rm i  na l  p o l a r i z a b l e  

e l e c t r o n s  i n  t h e  double bond o f  t h e  monomers do no t  d i s r u p t  

t h i s  a t t r a c t i o n  s u f f i c i e n t l y  t o  induce nematic phases. 

Th is  evidence supports t h e  view t h a t  d i s u b s t i t u t i o n  

none o f  these d i s p l a y  nematic pha- 

CONCLUSION 

A convenient syn thes is  o f  hydrocarbon l i q u i d  c r y s t a l  1 i n e  

monomers and model compounds has been developed. 
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40 J.  J .  MALLON AND S. W. KANTOR 

Character izat ion by DSC, POM and X-ray d i f f r a c t i o n  reveals 

t h a t  only smectic phases are present. i n  these compounds. 
The genera l izat ion has been confirmed t h a t  d i a l k y l  subs t i -  

t u t i o n  o f  the biphenyl group i s  necessary f o r  these hydro- 
carbons t o  be l i q u i d  c r y s t a l l i n e .  

synthesis and f u r t h e r  X-ray and POM observations w i l l  be 
reported i n  a f u t u r e  communication. 

polymers obtained by polymer1 z ing  the  1 i q u i  d c r y s t a l  1 i ne 

monomers are inc luded as a companion paper. 

The d e t a i l s  o f  the 

The p roper t i es  o f  t he  
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