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SOME NMR RESULTS ON A LINEAR NEMATIC POLYESTER IN 
THE BULK AND IN MIXTURES WITH A LOW MOLECULAR MASS 
NEMATIC 

F. VOLINO 
CNRS and DRF.Section de Physique du Solide, Centre 
d'Etudes Nuclbaires de Grenoble 85X - F38041 GrenobleC. 
R.B. BLUMSTEIN 
Department of Chemistry, Polymer Science Program, Uni- 
versity of Lowell, MA 01854 (U.S.A.) 

Abstract Proton and deuterium NMR results from a study 
of  a nematic polyester (poly (4,4' -dioxy- 2,2'dimethy- 
lazoxybenzene dodecanedioyl)) in bulk and in mixtures 
with perdeuterated para-azoxy-anisole (PAAdl4) are pre- 
sented. Two compounds are considered : polymer DDA9-L 
with an average degree of polymerisation ?J 9 and the 
partially deuterated model compound 9DDA9-S d20. Both 
compounds exhibit a nematic plus isotropic (N + I) bi- 
phase. In the nematic phase, the molecules are aligned 
along the director with the spacers in an extended con- 
formation. Relative fractions of N and I components and 
order parameter S are estimated. For DDAg-L, undulations 
of S with temperature suggest that in the N + I biphase, 
the nematic component is enriched with the longest mo- 
lecular species. In the mixtures, S of DDA9-L and of 
PAA are estimated. The values and temperature depen- 
dence of S and of the relative order of the spacers and 
mesogens in the polymers are studied as a function of 
composition. 

INTRODUCTION 

Thermotropic liquid crystalline polymers (PLCs) have been 

extensively studied in recent years due to possible applica- 

tions and theoretical aspects associated with these systems! 

Linear PLCs can be prepared by alternation of prolate and 

rather rigid mesogenic units, similar to the aromatic core 
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148 F. VOLINO AND R. B. BLUMSTEIN 

of low molecular mass (Lml) liquid crystals, and flexible 

spacers, generally alkyl chains. 

The phase situation in these systems can be characteri- 

zed by various methods such as differential scanninF: calo- 

rimetry, ontical methods, X-ray diffraction and nuclear 

magnetic resonance (NMII) .  When the sample can be macrosco- 

pically aligned, NMR turns out to be a very oowerful method 

to obtain information concerning molecular structure, con- 

formation and orientational order. 

Polymers of general chemical formula 

formed by condensation between 4-4’ -hydroxy- 2,2 ’  dimethyl- 

azoxybenzene and the acid chloride of dodecanedioic acid 

have been recently synthesized and show broad nematic ran- 

ges at moderate temperatures’ ’ ”. 
From the chemical point of view, the samnles are cha- 

racterized by the average number of repeating units Z,  by 

the distribution of lengths (o r  of molecular mass) around 

E, and by the ratio R of aromatic to aliphatic end groups5. 
The values of x for actual samnles range tyoically from a 
few units (oligomers) to Q 40.  

From the physical point of view, the microstructure of 

the various nhases at a given temnerature often depends on 

thermal history. These systems generally exhibit a nematic 

p l u s  isotrooic (N + I) binhase between the nure isotronic 
and Dure nematic nhases, and a (soft) crystalline Dlus ne- 

matic (K + N) binhase in the solid state5. The nure nematic 
phase can be locked in the solid nhase, in some instances5. 

I n  this paper, we shall present some NMR results obtai- 

ned by our grouns with these systems. Some of them have 

already been and some other are new. In the 
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NMR OF A LINEAR NEMATIC POLYESTER I49 

first nart, the mB soectra (proton and deuterium) of some 
typical samples, and their temperature and thermal history 

dependences, will be presented and discussed in terms of the 

structure of the various phases. In the second Dart, line 

shapes in the nematic nhase and in the N + I biDhase will be 
discussed in detail in terms of molecular order and confor- 

mation. In the third part, results on mixtures of one of 

these samples (DDA9-L) with oerdeuterated oara-azoxy anisole 

(PAAdl4) will be discussed in terms of the conformation and 

orientational order of both the solvent and solute molecules, 

as a function of relative concentration and temoerature. 

NMR RESULTS : PlICROSCOPIC ASPECTS 

Polymer DDA9-L 

Fig. IA-F shows six typical nroton spectra of polydisperse 

sample DDA9-L (x % 9, R % 1.5) obtained by cooling from 

150" C in the isotropic phase, namely A) isotropic nhase ; 
B )  N + I biphase ; C) nure homogeneously aligned nematic 
ohase ; D) transition spectrum ; E,F) solid phase. 

The following quantities can be measured on these 

snectra : (i) the fraction fN 
binhase, which can be deduced either directly from the 

spectra or from the F.I.D. signals : (ii) the snlittings 
2AN (as defined on snectrum (C)) which are nroaortional to 

the nematic order parameter S (see the next section) ; (iii) 

at half and at a quarter 
1 /4 the full widths 2A 

of maximum on the solid soectra, as defined on spectrum ( v ) .  
Fig. 2 shows the variation of 26 

temnerature for DDA9-L and DDA9-L 11, obtained by cooling 

after the samples have been equilibrated at150' C in the 
isotropic phase. Sample DDA9-L I1 was separated from DDA9-L 

after removal of the longest and shortest chains initially 

of nematic phase in the N + I 

and 2A 
1 I 2  

and 2A versus 
N '  "1/2 1 /4 
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150 F. VOLINO AND R.  B. BLUMSTEIN 

present in L (E % 1 1 ,  R Q 1.5) .  

FIW".E 1 .  Some representative line s h a ~ e s  of DDA9-L 

obtained on cooling A) isotropic phase at 1 4 7 " C ,  B ) N + I  

biphase at 129"C,  C) macrosconically aligned nematic 

phase at llO"C, D) transition spectrum at 85"C, E , F )  so- 

lid ahase at 78°C and 40°C (from 5 ) .  

FIGURE 2. Spacings 2 6 ~  and line widths at a quarter and 
half height 2A1,.,+ and ZA,,, as a function of temperature 

on cooling : A : DDA9-L ; 0 : DDA9-L I1 (from 5 ) .  
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NMR OF A LINEAR NEMATIC POLYESTER 151 

The corresnonding nematic fraction fN and order Darameter 

S are nlotted in fig. 3. These results show that : (i) the 

samples are macroscopically aligned in the nematic nhase ; 

(ii) this macrosconic alignement is destroyed in the solid 
phase although no drastic chanp,es in the time scale of the 

molecular motion seem to occur at the transition ; (iii) the 

width of the N + I range i s  larger for DDA9-L than for 

DDA9-L I1 ; (iv) the order narameter is 1arp;er for DDA9-L 

than for DDA9-L I1 in the N + I biphase, but is smaller in 

the pure nematic phase, and exhibits undulations. Points 

(iii) and (iv) seem to indicate that in the N + I biphase, 
the nematic phase is enriched with the longest species and 

the isotropic phase with the shortest ones '. 

FIGURE 3. Nematic order parameter S and nematic 
fraction fN obtained on cooling for DDA9-L and 

DDA9-L 11. TIN 
measured by DSC (from ' ). 

Let's discuss in more detail these past points. Landau- 

de Gennes' theory predicts that f o r  nematic systems commsed 

is the isotropic-nematic transition 
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152 F.  VOLINO AND R.  B.  BLUMSTEIN 

of semi-flexible polymers, both the isotropic-nematic tran- 

sition temperature T and the order oarameter at the tran- 

sition S 

off l o .  This trend is indeed observed for our compounds, as 

X is varied '. If we assume that, as the temnerature is 
lowered from the isotrooic nhase into the N + I binhase, 
the molecules are transferred into the nematic nhase se- 

quentially in order of decreasing chain length, one can con- 

sider that the average molecular weight of the nematic com- 

ponent decreases. This may explain the undulation observed 

for DDA9-L around TIN9. Indeed, around this temperature the 
nematic phase incornorates a large fraction of shorter spe- 

cies. This causes a large decrease of Sc and Tc, and conse- 

quently of  S, between 135 and 131" C, which is not comnen- 
sated by the natural increase Droduced by cooling. The se- 

cond undulation around 105' C is exnlained in a similar way 

by the fact that at this temperature, Sc and Tc stop decrea- 

sing since all the shortest species have been transferred 

into the nematic phase. The larger x value of DDA9-L I1 
exnlains that in the pure nematic ohase, S is slightly 

higher than for DDA9-L. The exneriment has been reneated 
with a different thermal history. The values of T and S 

are slightly changed, but the main nhenomenon (undulation of 

S around TIN is preserved. 

increase with molecular mass before levelling 

IN 

Model comnound 9DDA9-S d20 
The compound studied has the following chemical formula 

It can be considered as the shortest oligomer of the DDA9 

series, inasmuch as the macer groun is doubly linked 

(constrained at both ends),which allows intramolecular 
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NMR OF A LINEAR NEMATIC POLYESTER 153 

correlation between mesogens. We know from investiEation 
of odd-even effects in this series of nolymers4 

orientational order of the mesogen is imposed via the sna- 

cer. Indeed, entrony of isotronisation and nematic order 

oarameter of model 9DDA9, though lower than in oolymer DDA9, 

are significantly higher than in LFQI nematics 5 

that the 

Model 9DDA9 i s  a monotropic nematic : K 110 I (I 99 N 
85 K) which although pure, disnlays a narrow but definite 

N + I biphase on cooling from the isotrooic nhase. This 
might 

imnurities, as it is the case of plastic crystals, for 

examo le ' 2 .  

indicate that the system is very sensitive to trace 

Figs 4a and 4b show typical proton and deuterium 

spectra of model comDound 9DDA9-S d20. 

FIGURE 4a. PPIII spectra of 9DDA9-S d20 obtained on coo- 

ling a) N + I biphase at 95OC, b) macrosconically 

aligned nematic phase at 78.5OC, c) crystalline + 

amorphous (K + A) biphaseat 71.5'C. The separation bet- 

ween sharp and broad components is indicated in spectra 

a) and c ) .  
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154 F. VOLINO AND R. B.  BLUMSTEIN 

I - -  
L-- 

FIGURE 4b. DMR spectrum o f  3DDA9-S d20 in the N + I bi- 
phase. The central sharn line corresnonds to the isotro- 

Dic phase. 

Figs 5a and 5b renresent the fraction f of broad comnonent 

(to be identified in the N + I biphase with the nematic 
fraction f ) versus temperature. For proton NMR, (fig. 5a) 

the experiment was Derformed first by heating the sample. It 

is observed that the transition to the isotropic phase ocan-s 

by continuous transformation of the crystalline component 

into the amornhous (isotrooic) component (K + A biphase). 

The nematic to solid transition is characterized by the 

reappearance of the sharp (amornhous) component. The system 

seems to be reversible in the solid phase since the same 

spectra are obtained on cooling and on heating. 

N 

A similar behaviour is obtained with the deuterium 
spectra (fig. 5b). The reappearance of the sharp comnonent 

at the nematic-solid transition is more snectacular in this 

case than for PMR. The fact that f is found to be the same 

in the PMR and DMR experiments is a proof that the sharn and 

broad comnonents of the solid spectra do correspond to mole- 

cules in different phases and not to different narts of the 

molecules with different mobilities in an homogeneous phase. 
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NMR OF A LINEAR NEMATIC POLYESTER 155 

FIGURE 5a. L e f t  hand s c a l e  : f r a c t i o n  f of t h e  t o t a l  

i n t e n s i t y  conta ined  i n  the broad comnonent of the ?!IR 

s n e c t r a  of 9DDA9-S d20 : 0, ob ta ined  on h e a t i n g  ; +, 

ob ta ined  on coo l ing  ; r i g h t  hand s c a l e  : nematic o r d e r  

parameter S .  

0. 

FIGURE 5b. L e f t  hand s c a l e  : idem as i n  f iR .  5a f o r  

t h e  DM3 s n e c t r a  on coo l ing  ; r i g h t  hand s c a l e  : f u l l  

w id th  a t  h a l f  maximum 6 of t h e  sharn  ( i s o t r o n i c  and 

amorphous) comnonent. 

Other  q u a n t i t i e s  could be measured ( i )  t h e  o rde r  para-  

meter S was deduced from t h e  PMR spectra a s  f o r  DDA9-L 

(c f  s e c t .  2a) and t h e  r e s u l t  i s  shown i n  f i g .  5a .  ( i i )  t h e  

width 6 of t h e  sharD component i n  t h e  I ,  N + I and K + A 
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156 F.  VOLINO AND R.  B.  BLUMSTEIN 

uhases was measured in the DrlR exneriment, and is plotted 

in fig. 5b. It is seen that in the isotroaic (I) and amor- 

phous (A) nhases, this width varies very little with temue- 
rature. This is to be contrasted with what is observed in 

the N + I biahase where this width seems to diverge. This 
last nhenomenon is aresumably caused by order uarameter 

fluctuations which are also resnonsible for the divergence 

of the induced magnetic birefringence (Cotton-lfouton 

effect) l 4  as the isotronic-nematic transition is annroa- 

ched. The originality of 9DDA9 comnared to LMM nematics is 

that the effect is amplified and can be followed in the 

N + I biphase. 

Conclusion 

As a conclusion of this section, it thus appears that these 

nematic polymers as well as the model compound exhibit 

phase situations which are significantly different from LNM 

nematics : existence of  binhases,importance of thermal his- 

tory, relatively high order oarameter... However, in some 

other respects they are similar to LMPf nematics : order pa- 

rameter fluctuations in the isotropic phase ; very similar 

line shanes in the nematic Dhase. In the next section, we 
discuss in more detail the line shape oroblem in terms of 

molecular oroaerties. 

NMX : LINE SHAPE ANALYSIS AND TEMPERATURE DEPENDENCE 

Proton NMR 

The proton NMR snectrum of  polymer DDA9-L in the macrosco- 

pically aligned nematic phase is shown in fig. lc (see a l s o  

fig. 7a). This spectrum is similar to those of LPN nematics 

and has been simulated in using an anproximate method. 

Contributions of the mesogenic units and of the spacers are 

_____ 
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NMR OF A LINEAR NEMATIC POLYESTER 

F i c t u r e d  i n  f i g .  6 .  

157 

-20 0 20 V-Ub(kHz) 

FIGURE 6 .  S imula t ion  of  t h e  TF. snectrum of DDA9-L and 

decomposition i n t o  i t s  mesogenic u n i t  (m) and space r  

(s)  components (from 7 ) .  

The two peaks a t  Q 5 10 KHz mainly correspond t o  d i -  

Dole-dinole i n t e r a c t i o n  between or tho-pro tons  of t h e  r i n g s  

w h i l e  t h e  r i n g  methyl groups a r e  mainly resDons ib le  f o r  t h e  

two shou lde r s  a t  f 5 KHz. The two broad shou lde r s  on t h e  

e x t e r n a l  parts of t h e  spectrum should b e ,  on t h e  o t h e r  hand, 

mainly a t t r i b u t e d  t o  t h e  space r s  i n  a r a t h e r  extended con- 

format ion .  The b e s t  f i t s  a r e  ob ta ined  assuming a mean d i -  

h e d r a l  ang le  between t h e  two r i n g s  of Q 36" . A s imole  re- 

l a t i o n  between o r d e r  oarameter  S of t h e  mesogenic u n i t s  and 

t h e  main s p l i t t i n g  26N 
namely 

could be obta ined  from t h e  s t u d y ,  

26N/KHz % 24.08 S ( 1 )  

T h i s  r e l a t i o n  w a s  used t o  c a l c u l a t e  a l l  t h e  o r d e r  parameter  

v a l u e s  of s e c t i o n  1 .  This  a n a l y s i s  of t h e  PNR s n e c t r a  of 

DDA9-L i s  suppor ted  by r e c e n t  measurements on comDounds se- 

l e c t i v e l y  d e u t e r a t e d  i n  t h e  space r s .  F i g .  7a and 7b show 

t h e  s p e c t r a  of DDA9-L and of a similar compound d e u t e r a t e d  
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158 F. VOLINO AND R.  B. BLUMSTEIN 

on the spacer (DDA9-E d20). It is seen that the two exter- 

nal shoulders have disanneared in spectrum 7b. This is a 

direct aroof that they are due to the spacers in soectrum 

Ja. In the same manner, the PMR snectrum of model comDound 

8DDA8 (similar to 9DDA9 but without the ring methyl groups) 

show that the shoulders at 2 5 KHz in fig. 6 are indeed 
mainly due to these methyl groups 1 5 .  

FIGURE 7. PMR svectra of DDA9-L (a) and DDA9-E d20 (b) 

corresponding to the same degree of order. Note the 

absence of external xings due to the snacer in snectrum 

(b) . 
Deuterium NMR 
The deuterium NFlR study of DDA9-E d20 is nublished in 1 6 .  

Here we shall present results obtained with 9DD9-S d20. The 

molecular information is contained in the values and tem- 

perature dependence of the various svlittings Av. associated 
with the CD. bonds of the sDacer. As seen in fig. 4b one 
observes nractically only two doublets Av and AV with re- 

lative intensities 1 to 4 .  Doublet Av, clearly corresnonds 
1 4 
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NMR OF A LINEAR NEMATIC POLYESTER 159 

to the methylene Rroups adjacent to the mesogens and Av4 to 
all the other methylene groups of the spacer, which necessa- 

rily have nearly the same "orientational order". This is 

aossible only if the long molecular axis is a symmetry axis 

for the mean conformation of the snacer. Let's discuss these 

data in more detail. Assuming uniform rotation around the 

long axis Oz the splitting Avi associated with bond CD. i s  
0' 

03C 

0.33- 

0.32- 

where ai is the angle (CD. 
1' 0 

an average over the internal rotations. With ci = 172 KHz 

and using the values of S measured by PMR (fiE. 5a), one 

can deduce I s  I and 1s41. The result is shown in fig. 8 and 

callsfor the following comments : 

Oz ) and the brackets stand for 

1 

+-.+ Jlsrl  

%+, 
+=A++. 

N *' +* N+I I 

I I 1 )  
j rw+ 

"4 oooD lsll 0 

0.46 D o 4- 0000'0 oe 

FIGURE 8. Internal order parameter 

I s .  I = I<P2(cosBi)>I as defined in E q .  (2) versus tem- 

perature for 9DDA9-S d20. I s 1  I corresnonds to the 

methylene groups attached to the rings, and I s 4 /  to the 

other methylene grouvs of the saacer. 

(i) Isi] is found to be independent of temperature. This 

means that the first methylene groups have always the same 

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

3:
14

 2
0 

Fe
br

ua
ry

 2
01

3 



I60 F. VOLINO AND R. B. BLUMSTEIN 

mean o r i e n t a t i o n  w i t h  r e s u e c t  t o  t h e  mescqenic u n i t s ,  and 

i n  t h i s  r e s o e c t ,  they  should be cons idered  as D a r t  of them. 

From 1s 1 % 0 .46 ,  w e  deduce t h a t  t h e  C D l  bonds are i n  ave- 1 
r age  n e a r l y  pe roend icu la r  t o  t h e  long a x i s  s i n c e  ( s  I =  0.5 

f o r  B. = 90'. 

( i i )  I s 4 \  i s  found t o  dec rease  wi th  i n c r e a s i n g  t emaera tu re .  

Th i s  meansthat t h e  ampl i tude  of t h e  r o t a t i o n a l  f l u c t u a t i o n s  

around t h e  v a r i o u s  CC bonds i n  t h e  sDacer i n c r e a s e ,  w i th  

some tendency t o  l e v e l  o f f  i n  t h e  N + I b iphase .  I n  o t h e r  

words, t h e  space r  d i s o r d e r s  " f a s t e r "  t han  t h e  a romat ic  co re .  

More d e t a i l e d  a n a l y s i s  of t h e s e  DNR d a t a  r e q u i r e s  modelisa- 

t i o n  of t h e  i n t e r n a l  motions i n  t h e  suace r .  A model i s  nro- 

posed i n  l 6  where s i m i l a r  r e s u l t s  have been found. Other 

d e s c r i p t i o n s  a r e  a o s s i b l e ,  bu t  w i l l  n o t  be d i scussed  h e r e .  

1 

In conclus ion  t o  t h i s  s e c t i o n ,  PMR and DMR l ineshape  

a n a l y s i s  show t h a t ,  i n  t h e  nematic a h a s e ,  t h e  degree  of 

o r d e r  of t h e  mesogenic grouDs of DDA9 compounds i s  r a t h e r  

h igh  and t h e  s n a c e r s  a r e  i n  a r a t h e r  extended conformation. 

This  i s  c o n s i s t e n t  w i th  a n i c t u r e  where t h e  aolymers a r e  

s t r e t c h e d  wi th  no o r  a ve ry  small number of d e f e c t s  '. 
However, t h e  molecular motions a r e  f a s t ,  i n  agreement wi th  

t h e  f l u i d  and/or  s o f t  c h a r a c t e r  of t h e s e  mesoohases. 

DDAg-LIPAAdl4 PIIXTUSES 

I n  a d d i t i o n  t o  t h e  pu re  sys tems,  mixtures  of nolymer DDA9-L 

wi th  pe rdeu te ra t ed  para-azoxyaniso le  (PAAdl4) where s t u d i e d  

by PMR and DMR. The two compounds are m i s c i b l e  i n  a l l  Dro- 

p o r t i o n s  i n  t h e  nemat ic ,  N + I and i s o t r o p i c  Dhases. The 

o r d e r  parameter S and nemat ic  f r a c t i o n  f were measured by 

PMR by looking  a t  t h e  polymer, and by DMR by looking  a t  

PAAd 1 4 .  
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NMR OF A LINEAR NEMATIC POLYESTER 

The PbE3 lineshapes of DDA9-L have the same general 

shape shown in fig. 1 for all concentrations studied (down 

161 

DDA9-L and 
Solution 

were measured in the same 

to 5 Z weight Dolymer). The order narameter S 

the nematic fraction fN DDA9-L Solution 
manner as for the pure compound. Fig. 9 shows typical DMR 

spectra of PAAdl4 for two concentrations and in the pure 

nematic Dhase. 

, 100%PAA 

FIGURE 9. DElR spectra of PAAdl4 in the nematic nhase 

for the pure compound and dissolved in DDA9-L. Percen- 

tages are by weight. Experimental conditions are the 

same. 

The soectra in solution resemble those of nurePAAd14. The 

main difference is that the fine structure is less resolved 

for small PAA concentrations, although the overall snectra 

was deduced from PAA 
Solution are wider. The order parameter S 

these spectra according to a method developped by us l 7  

which turns out to yield the generally accepted values18 

was a l s o  for pure compound. The nematic fraction fNSolution PAA 
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162 F. VOLINO AND R. B. BLUMSTEIN 

measured i n  t h e  u s u a l  way. I f  t h e  measurements a re  made by 

c o o l i n g  a f t e r  e q u i l i b r a t i n g  a t  t h e  same t e m p e r a t u r e  (\15O0C) 

i n  t h e  PMR and DMR e x p e r i m e n t s ,  w e  f i n d  t h a t  

fPAA = f  DDA9-L a t  l e a s t  a t  low c o n c e n t r a t i o n  of 

PAAdl4. T h i s  means t h a t  P M  h a s  t h e  same s o l u b i l i t y  i n  t h e  

n e m a t i c  and i n  t h e  i s o t r o p i c  p h a s e s  of DDA9-L. T h i s  i s  il- 

l u s t r a t e d  i n  f i g . 1 0  f o r  10% by weight  PAA. Concerning o r d e r  

p a r a m e t e r s ,  f i g .  1 1  shows t h e  r e s u l t s  f o r  t h e  same 10% con- 

c e n t r a t i o n ,  as  w e l l  a s  t h e  v a l u e s  f o r  t h e  p u r e  compounds 

f o r  comparison.  I t  i s  observed  t h a t  i n  t h e  homogeneous ne- 

NS 0 lut i on Ns o l u  t i on 

PAA PAA % SDDA9-L < Si:t:-L. In t h e  matic ’bulk < ’Solu t ion  S o l u t i o n  
DAA9-L i s  smaller t h a n  S PAA ’ s o l u  t i o n  S o l u t i o n ’  N + I b i p h a s e  however, 

as  fN+ 0 .  The o b s e r v e d  r e - i n c r e a s e  

a round 135°C i s  t o  b e  r e l a t e d  w i t h  t h e  undu- 

DDA9-L 
S o l u t i o n  b u t  t e n d s  t o  S 

PAA 
of ’ S o l u t i o n  
l a t i o n s  of S observed  f o r  p u r e  DDA9-L ( f i g .  3) and  might  

i n d i c a t e  t h a t  t h e  l o n g e s t  m o l e c u l e s ,  which a re  s e l e c t i v e l y  

t r a n s f e r r e d  t o  t h e  a n i s o t r o p i c  phase  a t  t h e  I -f I + N t r a n -  

s i t i o n ,  f a v o r  n e m a t i c  o r d e r i n g  o f  PAA. A t  low polymer con- 

c e n t r a t i o n ,  t h e  b i p h a s i c  r a n g e  becomes v e r y  s m a l l  and t h e  

o r d e r  p a r a m e t e r  of DDA9-L h a s  t h e  same t e m p e r a t u r e  depen- 

dence as t h a t  of p u r e  PAA. 

I n f o r m a t i o n  c o n c e r n i n g  t h e  m o l e c u l a r  p r o p e r t i e s  of t h e  

polymer and of PAA c a n  a l s o  b e  e x t r a c t e d  from t h e  s p e c t r a .  

F i g .  1 2  r e p r e s e n t s  t h e  v a r i a t i o n  of the r a t i o  p of t h e  

w i d t h  a t  215 of maximum as  d e f i n e d  i n  t h e  i n s e t  t o  t h e  main 

s p l i t t i n g  26N, f o r  DDA9-L and f o r  50% and 5% DDA9-L i n  FAA. 

A s  e x p l a i n e d  i n  s e c t i o n  3a, 2 6 ~  p i c t u r e s  t h e  o r d e r  of the 

mesogenic  u n i t s  w h i l e  262,5 i s  r a t h e r  l i n k e d  t o  t h e  o r d e r  

of t h e  s p a c e r s .  It  i s  s e e n  t h a t  p d e c r e a s e s  w i t h  i n c r e a s i n g  

t e m p e r a t u r e ,  showing t h a t  t h e  s p a c e r  d i s o r d e r s  f a s t e r  as 

t h e  n e m a t i c - i s o t r o p i c  t r a n s i t i o n  i s  approached ( t h e  same 
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NMR OF A LINEAR NEMATIC POLYESTER 163 

FIGURE 10. Nematic f r a c t i o n  f i n  t h e  N + I b i o h a s e  

f o r  the  90 5: DDAg-L/lO % PAAdl4 m i x t u r e ,  o b t a i n e d  by  

c o o l i n g  from t h e  i s o t r o p i c  p h a s e  : 0 : measured by 

PMR u s i n g  DDA9-L s p e c t r a  ; 0 : measured by DMR u s i n g  

PAAdl4 sDectra.  The dashed  l i n e  i s  t h e  c u r v e  f o r  Dure 

DDA9-L and t h e  v e r t i c a l  l i n e  p i c t u r e s  the  i s o t r o n i c -  

n e m a t i c  t r a n s i t i o n  o f  PAAdl4. 

N 

PAA-d14 \ 
\ 

\ 
\ 
I 

FIGURE 1 1 .  Mematic o r d e r  parameter S f o r  the  90 X 

DDA9-L/ 10 70 PAAdl4 m i x t u r e ,  o b t a i n e d  by  c o o l i n g  from 

t h e  i s o t r o n i c  p h a s e  : 0 : deduced from the PPR s p e c t r a  

of DDA9-L ; 0 : deduced from t h e  DMIi spectra  of PAAdl4. 

The dashed  l i n e  i s  t h e  c u r v e  f o r  p u r e  DDA9-L and the  

d a s h e d - d o t t e d  l i n e  f o r  p u r e  PAAdl4. 
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164 F. VOLINO AND R.  B. BLUMSTEIN 

P 
1 9- 

18 

17 

16 

. 

FIGURE 1 2 .  R a t i o  p = 26 

on t h e  PMR s p e c t r a  of  DDA9-L : + : p u r e  compound ; 

/ 2 6 N  as  d e f i n e d  i n  t h e  i n s e t  
215 

: 50 Z DDA9-L i n  PAAdl4 : 0 : 5 % DDA9-L i n  PAAdl4. 

t r e n d  was found f o r  model compound 9DDA9-Sd20),but t h i s  e f -  

f e c t  i s  i n d e p e n d e n t  of  P M  c o n c e n t r a t i o n  w i t h i n  experimen- 

t a l  a c c u r a c y .  T h i s  shows t h a t  t h e  t e m p e r a t u r e  dependence of 

t h e  r e l a t i v e  o r d e r  of t h e  two m o i t i e s  depends l i t t l e  on t h e  

n a t u r e  o f  t h e  n e m a t i c  medium i n  which t h e y  a r e  i n b e d d e d .  

This e f f e c t  s h o u l d  show up  more n e a t l y  i n  DMR u s i n g  polymers  

w i t h  d e u t e r a t e d  s p a c e r s .  I n  t h i s  c a s e ,  w e  e x p e c t  t h a t  f o r  

a l l  c o m p o s i t i o n s ,  IS41 

t e m p e r a t u r e  . 
( c f .  f i g .  4) behaves  s i m i l a r l y  v e r s u s  

Concern ing  PAA, u s i n g  t h e  model deve lopped  i n  l 7  f o r  

bulk PAA, i t  can  b e  shown t h a t  the  mean c o n f o r m a t i o n  a n d / o r  

d e g r e e  of u n i f o r m i t y  of t h e  i n t e r n a l  r o t a t i o n s  in t h e  mix- 

t u r e s  a r e  d i f f e r e n t  compared t o  t h e  b u l k ,  The r e s u l t s  of  

t h i s  a n a l y s i s  w i l l  b e  p r e s e n t e d  e l s e w h e r e  . 20 
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