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A number of workers has made a significant 
effort on the design of the architecture ofliquid 
crystalline polymer (LCP) to control solubil
ity1 ·2 and melting behavior3·4 as well as the 
overall mechanical properties, 5 •6 using proper 
methods such as random-7 or block copoly
mer, 8 combined main chain/side chain poly
mer, 9 blending of rigid and flexible polymers. 10 

On the other hand, rod-like polyamides such 
as poly(p-aminobenzoic acid) (PABA) and 
poly(p-phenyleneterephthalamide) are known 
as fibers with high strength, high modulus, and 
heat resistance. These rod-like aromatic 
polyamides are also needed to improve their 
infusibility, limited solubility and compatibility 
with other polymers. In order to improve these 
intractable properties, a variety of concepts has 
also been developed. 11 •12 

Recently, synthesis of block and graft 
copolymers containing liquid-crystalline seg
ments was found to be a useful method for the 
preparation of tailored LCP. 13 - 18 As part of 
our work on the synthesis and properties of 
LCP, 19 - 23 our interest was focused on how 
the properties of non-thermotropically aro
matic polyamide containing PABA segment 

t To whom correspondence should be addressed. 

with a rod-like character can be changed by 
introducing the liquid crystalline oligomer in 
the side chain. The present note describes the 
synthesis and the characterization of graft 
copolymers composed of polyamide and liquid 
crystalline oligomers, polyamides 2a--e, ob
tained from the macromonomer technique. 14 

EXPERIMENT AL 

Synthesis of w-Hydro-poly[l-( 4-methoxy
phenylazophenoxyhexyloxycarbonyl )-1-
methylethylene ]thiomalic Acid (LCMac) 
Twenty milliliters of tetrahydrofuran (THF) 

solution containing 5.95 g (15 mmol) of 4-
methoxy-4' -( 6-methacryloyloxyhexyloxy )
azobenzene (MMAB: K 74N76I),23 0.34 g (2.25 
mmol) of thiomalic acid, and 0.0246 g (0.15 
mmol) of AIBN in a glass tube was degassed 
by the freeze-thaw technique using a dry
ice/methanol bath and sealed in vacuo. After 
polymerization at 50°C for 8 h, the contents of 
the tube were poured into a large amount of 
petroleum ether to precipitate LCMac. LCMac 
was isolated from the crude product by 
fractionation using THF-petroleum ether 

769 



K. SUGIYAMA, T. ODA, and Y. Y0SHIMITSU 

solvent system: yield 5. I 9 g (87.3%). The THF 
solution of LCMac was neutralized with 
0.01 mo] 1- 1 of aqueous potassium hydroxide 
using phenolphthalein as an indicator, and 
from the value of neutralization the molecular 
weight was calculated to be 3600. The 
molecular weight was also estimated to be 
M. = 3400 with a polydispersity M wl N. = 1.04 
by means of GPC measurement using poly
styrene standard. 

Synthesis of Polyamides 2a-e 
Into a 100cm3 round bottomed flask were 

placed 0.56mmol of LCMac, 2.78mmol of 
p-aminobenzoic acid (ABA), 0.56 mmol of 
aromatic diamine, 5.60 mmol of triphenyl 
phosphite (TPP), and 2.33 mmol of Li Cl in 6 ml 
of pyridine (Py) and 24 ml of N-methyl-2-
pyrrolidone (NMP). After the solution was 
stirred and refluxed at I00°C under nitrogen 
for 6 h, the reaction mixture was poured into 
a large amount of methanol to precipitate 
polyamides 2a--e. Polyamides 2a--e were 
purified by removing low molecular weight 
compounds by use of a Soxhlet extractor with 
ethanol as solvent for 20 h. A series of 
polyamides la--e was also prepared from 
succinic acid, ABA, and aromatic diamines by 
the same procedure as that of polyamides 
2a--e. 

Measurements 
GPC analysis was conducted in THF 

solution with TSK gel G( 4 + 3 + 2)HxL, using 
a TOSOH HPLC-8020 apparatus. The degree 
of crystallinity (X) was measured on powder 
samples by diffraction of Mac science co. type 

MXP 18V using Cu-Ka radiation. The 
scattering intensity was registered at 2° min - 1 

for values of 20 ranging from 4 ° to 40°. Phase 
transition temperature was determined by 
DSC, using a Rigaku Thermoflex apparatus 
DSC-8230B. Sample quantity was 10 mg with 
I 0°C min - 1 of heating and cooling rate. 
Pyrolysis was carried out with a Rigaku 
TG-DSC instrument standard type CN8076El. 
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Polarized optical microscopy (POM) of thin 
samples, which sandwiched between two glass 
slides ( spacing, 12 µm), was performed using 
an Olympus microscope BH-2 with a heating 
stage attached to a temperature controller. 

RESULTS AND DISCUSSION 

The dicarboxyl-terminated liquid crystalline 
macromonomer, LCMac, was obtained by 
radical polymerization of MMAB initiated by 
AIBN in the presence of TMA as a chain 
transfer agent. According to DSC and POM, 
the mesophase of LCMac showed an en
antiotropic liquid crystalline mesophase with a 
schlieren texture and was identified as a nematic 
phase: K88N 1211. Recently, a direct poly
condensation reaction using TPP and Li Cl was 
found to be a useful method for the preparation 
of aromatic polyamides by combination of 
diamines and dicarboxylic diacids. 24 - 26 We 
applied the phosphorylation polyamidation to 
the preparation of polyamides 2a--e with the 
molar ratio I : I : 5 for diamine: LCMac: ABA 
in feed using TPP-LiCl-Py system as shown 
in Scheme I. The polycondensation proceeded 
in a homogeneous NMP solution, while the 
condensation of succinic acid, aromatic dia
mines, and ABA did heterogeneously to give 
the parent polyamides la--e. 27 The results of 
polycondensation are summarized in Table I. 
Polyamides 2 are obtained in an inadequate 
yield with small molecular weight even though 
the reaction proceed homogeneously. This 
could be explained as follows. The phosphor-

TPP LiCI 
p HOOc-9HCH2COOH + pH2N-Ar-NH2 + q HOOC~NH2 Py, NMP 

X 

f rH,J-HN-Ar-NHtP-@-NHiq 

polyamides 1, 2 

polyamides 1, 2 

CH, 
-x -H -s{cH2-?1;°H 

COO(CH,) ,o-@-N=N-@-ocH, 
polyamides 1, 2 a b d 

-Ar- -©(, -@-, -@-o-@-, -@-s-@-,-@-so,-@-

Scheme 1. Structure of polyamides 1, 2. 
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Table I. Characteristic of polyamides la----e and polyamides 2a----e 

13 2b 

I, 2 
-Ar-

[11] Yield Mo!. weightd 
Phase transition 

indiamine 
xc xc Decomposition r 

temperaturee 
-- -- -- --
d{g-l % % Mn MW % 

Tm/oC T;/°C Tintf°C T max/°C 

a -@ 0.49 11.5 72.0 6900 8000 4.4 84.7 126.0 317 528 

b -@- 0.53 23.5 71.1 6500 7600 3.9 86.4 135.9 319 532 

C -@-o-@- 0.47 16.5 75.1 7900 10000 3.9 88.8 133.9 319 554 

d -@-s-@- 0.42 16.5 72.7 6400 7400 4.3 82.2 121.3 319 531 

e -@-s02-@- 0.38 8.2 64.5 5800 6700 4.8 89.5 127.7 320 550 

• Obtained 81-90% in yield. 
b H 2N-Ar-NH2,0.56mmol; LCMac, 0.56mmol; ABA, 2.78mmol; TPP, 5.60mmol; LiCI, 2.33mmol; Py, 6ml; 

NMP, 24ml, I00°C, 6h. 
c Crystallinity calculated from powder W AXS. 
d Measured by GPC with THF as an eluent and calibrated with standard polystyrene. 
e Tm and T, represent melting point and isotropization transition of grafted LCMac part, respectively. 
r T,n, and Tmax represent initial and maximum decomposition temperatures, respectively. 

/NMP NMP 

(@--o)3Pli er RcOOH (@--o)2 P~OR ·o-@ 
I 

H 

~I I~ 

RCONHR" + (@--o),P~O + @--oH 
I 

H 

Scheme 2. Structure of phosphonium salts. 

ylation polyamidation of ABA using TPP
LiCl system was markedly affected by solvents 
and the most favorable results being given in 
NMP and N,N-dimethylacetamide (DMAc).24 

Higashi24 proposed that C = 0 groups of the 
solvents have some effect upon the formation 
and reactivity ofphosphonium salts (A) and/or 
acyloxy phosphonium salts (B) which produced 
during the reaction (Scheme 2). In our case, 
the ester groups of oligomeric methacrylates 
presented around the reaction site may prevent 
or reduce such the effect of NMP. Polyamides 
2a----e were characterized using IR and GPC. 
The IR spectrum of polyamide 2c, as a typical 
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Figure I. IR spectra ofpolyamides le, 2c, and LCMac. 

instance, is shown in Figure l together with 
those for polyamide le and LCMac for 
comparison. The presence of the amide and 
ester groups in polyamides 2a----e was revealed 
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polyamide 2c 

LCMac 

lO 20 30 

Time (min) 

Figure 2. GPC curves of polyamide 2c and LCMac. 

by specific absorption of N-H stretch in 
3330-3350cm- 1 , C=O stretch of ester in 
1720-1730 cm - 1 , and C = 0 stretch of amide 
linkage in 1650-1660 cm - 1 . Polyamides 2a
e, therefore, exhibit the sum of absorption of 
the polyamide segment and grafted LCMac 
parts. The molecular weight of polyamides 
2a--e measured by GPC with polystyrene 
standard, M w, was found to be 6700-10000 
with Mwf Mn= 1.15-1.27 as tabulated in Table 
I. As shown in Figure 2, polyamide 2c revealed 
an unimodal molecular weight distribution 
(corresponding to Mw of 7900) at a higher 
elution volume than the one for LCMac (Mw, 
3600). The results support the composition of 
polyamides 2a--e shown in Scheme 1. From 
the wide-angle X-ray scattering (W AXS) 
measurements it was observed that an increase 
in the degree of crystallinity (X) caused by 
substituting the aromatic diamines from 
bending to linear form in polyamides la--e. 
The X value of polyamides 2a--c was found 
to be lower than that of polyamides la--c 
because of grafting of liquid crystalline 
oligomers onto parent polyamide. Thermal 
properties of polyamides 2a--e were studied 
by DSC and POM as well as TG-DT A. DSC 
measurements were performed at temperature 
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Figure 3. DSC thermograms of polyamides 2a~. 
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Figure 4. TG-DT A of polyamide 2c. 

between 20 and 200°C as shown in Figure 3. 
The melting process of polyamide 2c, for 
instance, indicated by two endothermic peaks 
at 88.8°C (melting point) and 133.9°C 
(isotropization transition) is followed by 
decomposition begun at 319°C. After annealed 
at the temperature below decomposition for 
1 h, polyamide 2c exhibits a broad exothermic 
peak due to crystallizing transition on cooling. 
POM of polyamide 2c reveals a birefringence 
similarly to the texture of LCMac. Similar 
birefringence was observed on the other 
polyamide 2. POM of polyamide 2c also 
showed a small twinkling sand like texture due 
to polyamide segments in dark at a temperature 
above isotropization transition of grafted 
LCMac part. Further investigation on the 
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microphase-separated biphasic structure of 
polyamides 2a---e is in progress. The thermal 
stability of polyamides 2a---e was studied by 
TG-DT A measurements in air. Figure 4 shows 
a TG-DT A curve of polyamide 2c as a typical 
instance. Polyamides 2a---e degrade via a 
multi-step mechanism including the decompo
sition of the oligomeric side chains at 
temperature near 320°C and polyamide back
bones at 530-550°C, whereas polyamides 
la---e degrade with maximum degradation at 
around 540°C through a random fission of the 
polymer backbone before their melting oc
cur.27 Thermal properties ofpolyamides 2a---e 
were listed in Table I. The introduction of 
PABA as hard segments was found to result 
in an increase in thermal stability of polymers. 
From the solubility test of polyamides la---e, 
neither solubility nor swelling was observed in 
common organic solvent other than hex
amethylphosphoramide, DMAc-LiCl system, 
and sulfuric acid. On the other hand, 
polyamides 2a---e were soluble in a variety of 
solvents such as N,N-dimethylformamide, 
DMAc, NMP, dimethyl sulfoxide, and even in 
THF and dichloromethane. High solubility of 
them is considered to be attributed to the 
introduction of liquid crystalline oligomers 
along polyamides la---e backbone. 
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