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A new series of liquid crystalline (LC) monomers based on an unsymmetrically disubstituted cyanostilbene 
containing hydroxy- and carboxylic acid groups has been synthesized and characterized. The monomers 
could be polymerized in the presence of N,N-dicyclohexylcarbodiimide and 4-pyrrolidinopyridine to give 
a new class of main-chain LC polymers which may have potential applications in the field of non-linear optics. 
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INTRODUCTION 

The first liquid crystalline (LC) polymers were reported 
by Flory 1 who demonstrated that solutions of rigid-rod 
chain polymers exhibit liquid crystallinity at a certain 
critical concentration. In 1975 de Gennes 2 suggested that 
thermotropic LC polymers could be fabricated by a 
combination of rigid and flexible units. In the same year, 
the first LC polymers were reported by Roviello and 
Sirigu 3. Although polyesters are the most commonly 
studied LC polymers 4 a number of polyethers have also 
been synthesized and are reported to possess lower 
melting temperatures and a broader mesophase stability 
range than analogous polyesters 5. 

The rigid unit does not have to exhibit liquid 
crystallinity in itself in order to act as a mesogen in LC 
polymers 6. The critical requirements for the mesogen are 
those of rigidity and asymmetry in shape 7. The most 
commonly used rigid unit consists of a number of 
aromatic rings connected in the para position by short, 
stiff links in order to maintain the linear arrangement. 
Examples of links that satisfy the conditions for the 
development of liquid crystallinity in polymers include 
carbonyls 4, direct bonds 8'9, azo groups ~° and substituted 
stilbenes 11.12. 

Main-chain LC polymers containing non-centro- 
symmetric arrangements of electric dipole moments 
can exhibit second-order non-linear optical effects 13. 
Warner ~4 has proposed that certain stereoregular, 
main-chain polymeric liquid crystals would have a very 
large, long-time dielectric susceptibility, X, of unusual 
temperature dependence: 

X ~ constant x exp( + h/ka T) 

with a large ultimate low temperature value 2~XoN, 
where Xo is a susceptibility characteristic of a simple 

* To whom correspondence should be addressed 

dielectric fluid, N is the degree of polymerization and h 
is the defect energy. The response would be caused by 
polarizing molecular defects (de Gennes hair pins) in the 
nematic ordering. 

As part of our work on the synthesis of novel materials 
with second-order non-linear optical properties 15-2°, we 
now report on a novel class of main-chain polyesters of 
structure I which exhibit liquid crystallinity. 

I II 
O- (CH2) n- C'--'C 

I 

The conjugated mesogen which is substituted with 
electron donating and electron withdrawing groups at 
opposite ends should satisfy the requirements for 
second-order non-linear optical behaviour by lending 
itself to non-centrosymmetric molecular alignment x3. 

EXPERIMENTAL 

Instrumental 
I.r. spectra were recorded as KBr discs using a Perkin 

Elmer 1600 FTIR spectrophotometer. Solution IH n.m.r. 
and x3C n.m.r, spectra were recorded using a Varian 
VXR 400 S spectrometer operating at 399.952 and 
100.577 MHz, respectively, using CDC13 or acetone-d 6 
as solvent. Studies of thermal properties were carried out 
using a DSC7 Perkin Elmer differential scanning 
calorimeter and a Stanton Redcroft TG-760 thermal 
analyser. Optical microscopy experiments were performed 
with an Olympus BH-2 polarizing microscope equipped 
with a Linkam THM 600 hot stage. Mass spectra were 
recorded on a 7070E VG analytical spectrometer. 
Elemental (CHN) analyses were carried out using a 
Carlo Erba 1106 elemental analyser equipped with a 
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D P l l 0 P R C  data processor. The purity of compound II 
was checked by h.p.l.c, using a Perkin Elmer 601 liquid 
chromatograph equipped with a Perkin Elmer LC55 
spectrophotometric detector operating at 254nm. 
Experiments were performed at room temperature on an 
ODS column with tetrahydrofuran (THF) as solvent 
using a flow rate of 1 cm 3 rain -1. Molecular weight 
distribution studies on the polymer I were performed by 
g.p.c, in THF solution using a VISCOTEK instrument 
equipped with two mixed columns of PL gel (pore size 
104 nm; Polymer Laboratories Ltd). Measurements were 
carried out at room temperature using a flow rate of 
1 cm 3 min -1. A g.p.c, calibration graph was obtained 
using a series of polystyrene standards. 

Synthesis 
The polymers I were synthesized according to Scheme 1. 

~ C N  HO-- (CH 2) ~-- Br + HO CH 2 

Na/EtOH 

HO-- (CH 2)==ff O ~ CH --CN 
2 

HI 

I. Na/EtOH 
2. 4-Carboxybenzaldehyde 

CN O / = k )  / = N ,  
"° -  ' ° - h \  / 2 -  = / / -  c - o .  

H 

lI 

DCC/catalyst 

ether/ethyl acetate (7:3) as the eluent to give I as a white 
crystalline solid. These materials were characterized by 
a combination of spectroscopic measurements and 
elemental analysis results (see Table 1). 

General method for the synthesis of II 
4-Carboxybenzaldehyde (2 g, 0.013 mol) was added to 

a solution of sodium (0.6 g, 0.026 mol) in absolute ethanol 
(25 cma). Compound III (0.013 mol) was added and the 
resulting mixture was stirred (magnetic follower) under 
a nitrogen atmosphere for 3 days. The mixture was poured 
into aqueous hydrochloric acid solution (0.1 M, 200 cm 3) 
and the solid which precipitated was recovered by 
filtration, washed with acetone (5 x 50cm 3) and dried 
in vacuo (20°C/10-2mbar) to give the cyanostilbene 
hydroxy acid compound II. Some spectroscopic charac- 
terization data and elemental analysis results for the 
monomers made are given in Table 2. The purity of these 
compounds was checked by h.p.l.c.; a single narrow peak 
was displayed in all cases. 

General method for the synthesis of I 
A solution of II (0.010 mol), N,N-dicyclohexylcarbodi- 

imide (2.06 g, 0.010 tool) and 4-pyrrolidinopyridine (0.015 g, 
0.0001 tool) in dried dichloromethane (20crn 3) was 
stirred at 50°C for 24 h under a nitrogen atmosphere. 
The mixture was filtered, washed with methanol 
(3 x 50 cm3), ethyl acetate (3 × 50 cm 3) and dried under 
vacuum (20°(2/10 -2 mbar) to give I as a pale yellow solid. 
The yields, some spectroscopic parameters, the number 
average molecular weights and the polydispersities for 
the polymers synthesized are given in Table 3. 

RESULTS AND DISCUSSION 

Synthesis of compounds III  
The general method for the synthesis of III is recorded 

in detail in the Experimental section. These compounds 

-~0--  (a"I 2 ) n- 0 - - ~  [ C N H l ~ i  - ~ m  

Scheme 1 Monomer and polymer synthesis 

General method for the synthesis of l l l  
Sodium metal (0.23 g, 0.01 mol) and dry ethanol (5 cm 3) 

were mixed in a dry flask (25 cm a) equipped with double 
surface condenser. After the sodium had completely 
dissolved, a solution of 4-hydroxybenzylcyanide (1.33 g, 
0.01 mol) in absolute ethanol (5 cm 3) was added with 
stirring followed by the appropriate to-bromoalkanol 
(0.015 mol). Once the addition was complete the reaction 
mixture was refluxed for 6 h. Ethanol was removed by 
rotary evaporation, ether (50cm 3) was added to the 
residue and the resulting solution was washed with 
10% aqueous sodium hydroxide solution (3 x 5cm3), 
aqueous sulfuric acid solution (1 M, 3 x 5 cm 3) and water 
(3x 10cma). Evaporation of the dried (magnesium 
sulfate) ether solution gave the crude product which was 
purified by chromatography on silica (6 c m x  2 cm 2) using 

Table 1 Characterization data and yields for compounds Ill 

U + 

v (CN) v (OH) (mass M.p. Yield 
n (cm -1) (cm -1) 1H n.m.r. (ppm) spec.) (°C) (%) 

7.2(d, 2H); 6.9(d, 2H); 
3 2246 3419 4.1(t, 2H); 3.9(t, 2H); 191 55-56 27 

3.7(s, 2H); 2.1(b, 2H) 
7.2(d, 2H); 7(d, 2H); 

6 2246 3297 3.9(t, 2H); 3.6(s, 2H); 233 49.5 35 
3.5(t, 2H); 1.7(b, 8H) 
7.2(d, 2H); 6.9(d, 2H); 

7 2249 3383 4(t, 2H); 3.6(s, 2H); 247 62 90 
3.5(t, 2H); 1.5(b, 10) 
7.3(d, 2H); 7.2(d, 2H); 

8 2245 3295 3.9(t, 2H); 3.8(s, 2H); 261 65 89 
3.7(t, 2H); 1.7(b, 12) 
7.2(d, 2H); 6.8(d, 2H); 

9 2245 3328 3.9(t, 2H); 3.6(s, 2H); 275 74 60 
3.5(t, 2H); 1.7(b, 14) 
7.2(d, 2H); 6.9(d, 2H); 

10 2245 3302 4(t, 2H); 3.7(s, 2H); 289 75 86 
3.6(t, 2H); 1.3(b, 16H) 
7.2(d, 2H); 6.8(d, 2H); 

11 2245 3317 3.9(t, 2H); 3.6(s, 2H); 303 80 67 
3.5(t, 2H); 1.7(b, 18H) 
7.3(d, 2H); 6.9(d, 2H); 

12 2245 3285 4(t, 2H); 3.6(s, 2H); 317 85 59 
3.5(t, 2H); 1.3(b, 20) 
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v (CN) v ( ~ )  
n (cm- 1) (cm- 1) 1H n.m.r. (ppm) 

Found (calculated) 
/]'max 

M ÷ (mass spec.) (nm) C (%) H (%) N (%) 

8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
3 2218 1682 7.4(s, 1H); 6.9(d, 2H); 4.0(t, 2H); 

3.6(t, 2H); 1.3(b, 2H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

6 2221 1694 7.4(s, 1H); 6.9(d, 2H); 4.0(t, 2H); 
3.6(t, 2H); 1.3(b, 8H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

7 2218 1706 7.4(s, 1H); 7.0(d, 2H); 4.0(t, 2H); 
3.7(t, 2H); 1.4(10H) 
8.2(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

8 2220 1693 7.5(s, 1H); 7.0(d, 2H); 4.0(t, 2H); 
3.7(t, 2H); 1.3(b, 12H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

9 2221 1692 7.4(s, 1H); 7.0(d, 2H); 4.0(t, 2H); 
3.6(t, 2H); 1.3(b, 14H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

10 2215 1705 7.4(s, 1H); 6.9(d, 2H); 4.0(t, 2H); 
3.6(t, 2H); 1.3(b, 16H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

11 2221 1690 7.4(s, 1H); 6.9(d, 2H); 4.0(t, 2H); 
3.6(t, 2H); 1.3(b, 18H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 

12 2219 1693 7.4(s, 1H); 6.9(d, 2H); 4.0(t, 2H); 
3.6(t, 2H); 1.3(b, 20H) 

323 

365 

379 

393 

407 

421 

435 

449 

332 71.07(70.56) 5.29 (5.30) 4.33 (4.32) 

331 72.35(72.30) 6.03 (6.35) 3.63 (3.83) 

332 72.52(72.80) 6.46 (6.65) 3.31 (3.69) 

332 73.18(73.25) 7.02 (6.91) 3.44 (3.56) 

333 73.99(73.68) 7.39 (7.17) 3.38 (3.43) 

331 74.40(74.08) 7.60 (7.41) 3.23 (3.32) 

332 74.48 (74.44) 7.76 (7.65) 2.95 (3.20) 

331 74.00(74.79) 7.64 (7.86) 3.21 (3.11) 

Table 3 Characterization data and yields for polymers I 

v (CN) v (C----O) 
n (crn -1) (cm -1) 1H n.m.r. (ppm) c (%) 

Found (calculated) 
2==x Yield 

H (%) N (%) (nm) (%) M, Mw/M, 

3 2216 1717 

6 2217 1717 

7 2216 1716 

8 2218 1718 

9 2215 1717 

10 2215 1716 

11 2216 1715 

12 2216 1715 

8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 6.9(d, 2H); 4.6(t, 2H); 
4.0(t, 2H); 1.3(b, 2H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 6.9(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.3(b, 8H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 7.0(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.4(10H) 
8.2(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.5(s, 1H); 7.0(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.3(b, 12H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 7.0(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.3(b, 14H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 6.9(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.3(b, 16H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 6.9(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.3(b, 18H) 
8.1(d, 2H); 7.9(d, 2H); 7.6(d, 2H); 
7.4(s, 1H); 6.9(d, 2H); 4.3(t, 2H); 
4.0(t, 2H); 1.3(b, 20H) 

76.56(76.05) 

76.28(76.45) 

76.18(76.80) 

77.74(77.12) 

77.88(77.38) 

77.22(77.66) 

77.35 (77.92) 

62 

5.78 (6.09) 3.44 (4.03) - 63 - 

6.63 (6.41) 4.28 (3.88) 337 56 6500 1.21 

7.00 (6.72) 3.44 (3.73) 336 62 11000 1.54 

7.08 (6.99) 4.18 (3.60) 335 55 3400 1.49 

7.35 (7.24) 3.80 (3.47) 338 91 5600 1.57 

7.46 (7.40) 3.30 (3.35) 337 54 9650 1.24 

7.54 (7.70) 3.16 (3.24) 336 78 4500 2.11 
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were obtained by the SN2 reaction of the phenolate ion 
with the appropriate a~-bromoalkanol (see Scheme 1). The 
highest yields were obtained with 7-bromo-l-heptanol 
(n = 7), 8-bromo- 1-octanol (n = 8) and 10-bromo- 1-decanol 
(n = 10). The lower molecular weight analogues (n = 3 and 
n = 6) gave the lowest product yield which can probably 
be explained in terms of the formation of cyclic ether 
by-products favoured for the shorter chain analogues. 

The i.r. spectra of compounds III were consistent 
with the assigned structures. The v(OH) stretching 
vibration occurs at lower wavenumbers in compounds 
containing an even number of aliphatic (-CH2-) moieties 
(n=6, 8, 10, 12) than in their odd-membered analogues 
(Table 1). The bands are broad and typical of hydrogen- 
bonded -OH bands. The shifts appear to indicate stronger 
hydrogen bonding interactions in the even series of 
compounds, possibly a reflection of differences in packing 
in the solid state. 

Synthesis of  monomers II, cyanostilbenes 
The monomers II were synthesized by the condensation 

reaction of compound III with 4-carboxybenzaldehyde. 
The u.v./vis, spectra of the monomers II are characterized 

by the presence of a strong band at ~332nm which 
may be attributed to the re-n* absorption of the 
conjugated, unsymmetrically disubstituted cyanostilbene; 
the positions of the absorption maxima, 2max, given in 
Table 2, are independent of the length of the aliphatic 
chain. 

The 1H n.m.r, data are tabulated in Table 2. 
There is no evidence for the presence of more than one 
isomer in any case. It is believed, but could not be 
unambiguously proved, that the monomers exist in the 
more thermodynamically stable trans form. 

Liquid crystalline transitions of monomers. All mono- 
mers exhibited liquid crystallinity. A combination of d.s.c. 
and optical microscopy investigations demonstrated that 
the monomer crystals undergo liquid-crystal phase 
transitions to nematic phases. A typical d.s.c, thermogram 
is shown in Figure 1. The area and position ofendotherm 
A depends on the heating conditions suggesting a 
crystal-crystal transition. The enthalpy change associated 
with peak B is of the order of 40 kJ mol- 1 and marks 
the crystal to liquid crystal phase transition. The liquid 
crystal to isotropic phase transition, computed from the 
area of endotherm C, is characterized by an enthalpy 
change of ~4.5 kJ mol-1. These values are typical of all 

the monomers investigated. Evidence for the formation 
of a nematic phase was obtained by the observation 
under the polarizing microscope of disclination textures 
containing both two and four brushes (Figure 2). 

As expected, the crystalline to LC transition temperatures 
of the monomers decreased in a regular manner with 
increasing length of the aliphatic chain. In parallel with 
the decrease in the crystal to liquid crystal transition 
temperatures, a similar decrease in the liquid crystal to 
isotropic liquid transition temperatures was observed 
(Table 4). This relationship is depicted in Figure 3. 

Table 4 Thermal transitions of the LC polymers and the corresponding 
monomers" 

Monomer Polymer 

n T 1 T 2 T~ T~ 

3 218(nematic) 264(isotropic) - 
6 184(nematic) 23 l(isotropic) 169(nematic) 228(isotropic) 
7 168(nematic) 221(isotropic) 127(nematic) 222(isotropic) 
8 161(nematic) 212(isotropic) 116(nematic) 214(isotropic) 
9 149(nematic) 207(isotropic) 13 l(nematic) 172(isotropic) 

10 148(nematic) 199(isotropic) 95(nematic) 126(isotropic) 
11 146(nematic) 196(isotropic) - 
12 145(nematic) 191(isotropic) 69(nematic) 18 l(isotropic) 

"T1, crystalline to LC transition (monomer); T2, LC to isotropic phase 
transition (monomer); T*, crystalline to LC transition (polymer); T*, 
LC to isotropic phase transition (polymer) 

Figure 2 Photomicrograph of Ca monomer at 205°C showing the 
existence of a nematic mesophase ( × 57) 
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Figure I 
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D.s.c. thermogram for C a monomer; first heating (heating Figure 3 
rate 10°C min-1). For A, B and C, see text 
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Transition temperatures for the LC monomers as a function 
of the number of carbon atoms in the aliphatic chain 
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Synthesis of polymers I 
The polymers I were obtained via solution polymeriz- 

ation of II in yields, after purification, ranging from 
55 to 91%. The polymer syntheses are recorded in detail in 
the Experimental section. 

I.r. spectroscopy revealed that the carbonyl band of 
the acid monomers at ~1690cm -1 disappears on 
polymerization giving place to a new absorption at 
,,~1715cm -1 due to the ester carbonyl. The extensive 
hydrogen-bonded - O H  absorptions between 3600 cm-1 
and 2400 cm-~ in the monomer spectrum are absent 
in that of the polymer. The bands associated with 
structural features such as the methylene absorption 
(2980 to 2850 cm-  1) and the nitrile stretch ( ,-~ 2220 cm - 1) 
experience only minor shifts which lie within the 
resolution limits of our instrument. In Figure 4 a typical 
monomer spectrum is compared with that of the 
corresponding polymer. 

The major difference between the 1H n.m.r, spectra of 
the monomers as compared to those of the polymers 

6 1 8 8  

% T  

(b) J ~  

Figure 4 

10.15 ~ , , , , , ~ 
/-.000 3 0 0 0  2 0 0 0  1500 1000 500  

Cm-1 

59 3 6  
% T  

287 

(o) 

\ 

/-.000 3 0 0 0  2000 1500 1000 500 
Cm -1 

I.r. spectra for (a) Cll monomer and (b) Cll polymer 

(b) 

i i 

80 75 70 z, 5 /.0 35 ppm 

Figure 5 1H n.m.r, spectra for (a) C 11 monomer and (b) C11 polymer 
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Figure 7 Transition temperatures for the LC polymers as a function 
of the number of carbon atoms in the aliphatic chain 

(Figure 5) is the disappearance of the CH2-OH resonance 
at 3.5 ppm and the appearance of a new triplet due to 
- C O 2 - C H  2- at 4.3ppm. Other differences between 
the monomer and polymer spectra include a 0.3 ppm 
downfield shift in the position of the P h ~ ) ~ I - I  2- resonance 
and a 0.3 to 0.4ppm shift in the - C O 2 - C H 2 - C H  2- 
resonance. All the other spectral features remain unaffected 
on polymerization. The 1H n.m.r, data are reproduced 
in Table 3. 

Comparison of the u.v./vis, spectra of the polymers 
with those of the monomers (Tables 2 and 3) reveal a 
slight shift in the position of the absorption maximum 
which reflects the difference in electron accepting power 
between the acid and ester groups. The electronic 
absorption spectrum for a typical monomer and the 
corresponding polymer is shown in Figure 6. 

The number average molecular weights and poly- 
dispersities of the polymers, as determined by g.p.c, using 
the VISCOTEC instrument, are given in Table 3. 

Liquid crystalline transitions of polymers. The thermal 
behaviour of most of the polymers as determined by 
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of a more  detailed investigation of the effects of  molecular  
weight and its distr ibution in these polymers.  We are 
cont inuing the detailed examinat ion  of these phase  
transi t ions and  properties,  par t icular ly optical  and 
non-l inear  optical  behaviour ,  of  this interesting set of  
materials.  

Figure 8 Photomicrograph of C a polymer at 138°C (under lighl 
pressure) in the heating cycle ( x 57) 

polarized optical  microscopy  and d.s.c, is illustrated by: 

, heat . heat. 
Solid po lymer  ~ nemat lc  po lymer  ~ lsotropic po lymer  

cool 

Figure 7 shows the mesophase  stability range for all the 
polymers.  The  exact t empera ture  for each transi t ion is 
recorded in Table 4. In accordance  with observat ions  on 
the m o n o m e r  samples,  the crystal  to liquid crystal  
t ransi t ion tempera tures  of  the polymers  were found 
to generally decrease with increasing length of the 
( -CH2- )  spacer  unit. Examina t ion  using polar ized optical  
microscopy  showed that  mos t  polymers ,  when quenched 
f rom the melt  state, displayed coarse, thread-l ike nemat ic  
textures at  r o o m  temperature .  Above  the crystal  to liquid 
crystal t ransi t ion temperature ,  the major i ty  of  polymers  
exhibited an apparen t  isotropic texture which was 
retained until the true clearing transi t ion was reached. 
When  a light pressure or  shear was applied to such 
po lymer  samples, nemat ic  textures developed; a typical 
pho tomic rog raph  is shown in Figure 8. The exception to 
this behav iour  was C7 po lymer  which exhibited a highly 
birefringent texture th roughou t  the mesophase  stability 
range. 

The  clearing tempera tures  for the polymers  showed a 
tendency to decrease with increasing length of the spacer  
up to Cto.  In  polymers  with longer spacers the liquid 
crystal to isotropic transi t ion tempera ture  exhibited an 
anoma lous  behaviour  in that  the C12 po lymer  showed a 
much  higher clearing t empera tu re  than  the Cto analogue 
and that  a sample  of the C1~ po lymer  (prepared under  
the same reaction conditions) failed to exhibit LC 
properties.  It  is clear f rom the results summar ized  in 
Table 4 that  the thermal  behav iour  of the polymers  
depends on the length of  the flexible spacers. In this, these 
unsymmetr ical ly  disubst i tuted stilbene polymers  follow 
the well documented  general t rends observed with other  
main-chain  LC polymers  21-24. 

The failure to observe LC behaviour  for the C ~  
polymer  was a puzzling anomaly ,  which will be the subject 

C O N C L U S I O N S  

The synthesis of  a new class of  main-chain  LC polymers  
with potent ia l  second-order  non-l inear  optical  propert ies  
is reported.  In  these polymers ,  the c h r o m o p h o r e  is par t  
of  the backbone  and the dipole momen t s  point  in the 
same (head to tail) direction along the po lymer  chain. 
The second-order  non- l inear  optical  propert ies  of these 
polymers  are currently under  investigation. 
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