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Phase Diagram and Component 
Order Parameters in a Nematic 
Mixture: A Combined Deuterium 
and Proton NMR Study 
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Deuterium and proton magnetic resonance results on mixtures of nematic perdeuter- 
ated para-azoxy-anisole (PAAdl4) and potential nematic 4-4' diacetoxy-2-2' dimethyl 
azoxybenzene (Ac9Ac) are reported. The phase diagram is established and the order 
parameters of both components are determined. These data are compared with existing 
theories. The molecular mean field theory of Pallfy-Muhoray et al. is found to be 
adequate to describe the behaviour of the order parameters, implying that the nematic 
interaction parameters satisfy the geometric mean rule. The virtual clearing temper- 
ature and the molecular volume of Ac9Ac are estimated. It is also shown that the 
concept of pseudo-clearing temperature may be useful to predict the component order 
parameters in (dilute) solutions of Ac9Ac in terms of the order parameter of the pure 
solvent PAAdl4. The same theory is found to be rather poor to describe quantitatively 
the phase diagram. The molecular fieldllattice model of Brochard er al. predicts that 
in dilute solutions of Ac9Ac, the number of lattice sites occupied by one Ac9Ac 
molecule is much larger than its physical volume. Using a simple geometrical model 
to analyze the magnitude of the measured order parameters, we suggest that this 
number of sites should be identified with the average volume in which the orientational 
order of the solvent is perturbed by the presence of one solute molecule. 

t o n  leave from Polymer Science Program, Department of Chemistry, University 

$Members of CNRS. 
of Lowell, Lowell, Ma 01854 (USA). 
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218 P. ESNAULT et al. 

1. INTRODUCTION 

Liquid crystalline mixtures are of high technological and theoretical 
interest. For applications, mixtures are usually more suitable than 
the pure components. On the theoretical side, the variety of physical 
situations associated with the nature of the components has inspired 
a large number of theories. These theories have been mainly based 
on lattice models, molecular field models or combination of these.z-26 
They generally predict the phase diagram and the order parameters of 
the components in terms of a few molecular parameters. In theories of 
binary mixtures, one component is usually a low molecular mass (lmm) 
nematic and the other component is either another lmrn nematic or 
non nematic molecule (case a),2-22 a flexible polymer (case b),z3-z5 
asemi-rigid polymer (case c),26 a side-chain nematic polymer (case d) ,22 

a main-chain nematic polymer (case e). On the experimental side, 
considerable works on phase diagrams have been carried out. Ref- 
erences about the various cases indicated are as follows: a,1-20 b,23,27.2x 
d,29.30 e.31 Binary mixtures of main-chain nematic polymers have also 
been studied.32 Experimental work on order parameters is much more 
scarce and has mainly concerned the solute molecules alone ,33334 the 
solvent molecules alone’3Jx~27~2x and the mean order parameter of the 
mixture. ‘ I  

We have recently reported independent measurements of the order 
parameters of both components in binary mixtures of a main-chain 
nematic polymer (DDA9) with perdeuterated para-azoxy-anisole 
(PAAd14).35-37 The results obtained, in particular the finding that 
in dilute solutions of polymer, the order parameter of the polymer 
increases with chain length,37 prompted us to study the intrinsic meso- 
genicity of the mesogenic unit (mesogen “9”) of these polymers. It 
turns out that none of the possible candidate molecules which could 
be considered for this purpose, just differing by the nature of the end 
groups, are nematic by themselves. They just exhibit crystal to iso- 
tropic t r a n ~ i t i o n . ~ ~  However, their close resemblance with usual 
mesogens suggests that they are potentially nematic, the nematic 
transition being hidden by crystallization. To overcome this problem, 
we studied mixtures of one of these molecules, namely 4-4’ diacetoxy- 
2-2’-dimethyl azoxy benzene (cf. Figure 2), hereafter called A c ~ A c ~ ~  
with PAAdl4 (cf. Figure 1). 

In this paper, we report proton and deuterium magnetic resonance 
(PMR and DMR) results concerning four Ac9Ac/PAAdl4 mixtures. 
The phase diagram is established and the order parameters of both 
components are deduced. These data are analyzed in terms of two 
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NMR STUDIES OF A NEMATIC MIXTURE 219 

5 KHz 

FIGURE 1 Typical DMR spectrum of PAAdl4 in the nematic phase. Order param- 
eters are deduced from quadrupolar splitting Av, as explained in the text. See Ref. 39 
for details. 

theories: the theory of Pallfy-Muhoray er d . I 1  and the theory of 
Brochard et ~ 1 . ~ ~  The main parameters of these models are deduced 
and the virtual clearing temperature and molecular volume of Ac9Ac 
are determined. These data are also used to test the validity and 
limitations of molecular theories to describe nematic mixtures. 
Finally, a simple picture of a (dilute) nematic mixture is proposed 
which incorporates some results of the analysis. 

2. EXPERIMENTAL 

The PAAdl4/Ac9Ac mixtures were prepared in standard 5 mm di- 
ameter NMR tubes. The proper amounts of materials (total amount 
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220 P. ESNAULT et al. 

-100 mg) were either simply mixed at room temperature in the 
powder form or dissolved in ethanol and dried to cast the solvent. 
The tubes were then degassed and sealed under primary vacuum. 
Both preparation methods turned out to be equivalent for our pur- 
pose. Four mixtures corresponding to Ac9Ac concentrations $M of 
5 ,  10, 15 and 20% wlw, and a pure PAAdl4 sample were prepared. 
The phase behaviour was observed visually in heated silicone oil. 
Nematic plus isotropic biphasic ranges were clearly observed in all 
mixtures. The NMR experiments were performed on a CXP90 Brucker 
spectrometer, at 90.1 MHz for PMR and 13.8 MHz for DMR. Some 
DMR experiments were also performed at 38.4 MHz on a WP250 
spectrometer, giving essentially the same results. In order to obtain 
good reproductibility in the NMR experiments, the following pro- 
cedure was followed. The DMR runs were performed first. The sam- 
ples were first equilibrated at 152" C in the pure isotropic phase during 
-1 hour. They were then cooled down rapidly at the lowest possible 
temperature in the pure nematic phase, and kept at this temperature 
for several hours (or even days for the 20% mixture) until a stable 
and well resolved DMR spectrum of PAAd14 was obtained. The 
samples were then heated by steps of 1 or 2" C. and the spectra were 
taken several times at a given temperature to insure that thermal and 
compositional equilibrium were reached, in particular in the biphase. 
The same thermal history and procedure were used in the PMR 
experiments. 

3. RESULTS 

Figure 1 shows a typical DMR spectrum of PAAdl4 in the nematic 
phase and Figure 2 shows the corresponding PMR spectrum of Ac9Ac. 
The N + I biphase spectra exhibit an additional very sharp central 
line corresponding to the isotropic component. The following quan- 
tities were extracted from these spectra: (i) the temperatures TN and 
T, at which the first nematic drop appears and the last nematic drop 
disappears, respectively, on heating; (ii) the fractions fN, and fNL of 
PAAdl4 and Ac9Ac molecules in the nematic component of the 
Av N + Z biphase and (iii) dipolar and quadrupolar splittings as 
defined in Figures 1 and 2. 

The values of Th: and TI were used to draw the coexistence curves 
of the phase diagram as shown in Figure 3. They are the same within 
experimental accuracy (better than 1" C) than those determined by 
visual observation of all samples simultaneously in heated silicone 
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NMR STUDIES OF A NEMATIC MIXTURE 22 1 

5KHz . 

FIGURE 2 Typical PMR spectrum of Ac9Ac in the nematic phase. The external 
doublet and the sharp central line correspond to terminal methyl groups; the internal 
doublet and broad central line correspond to aromatic and attached methyl protons. 
Order parameters are deduced from dipolar splitting 26, as explained in the text. See 
Refs. 37, 38 and 40 for details. 

oil. The nematic fractions extracted from DMR and PMR spectra 
were difficult to compare precisely because of uncertainty on absolute 
temperatures in both experiments, but their values are consistent with 
those deduced from the phase diagram. 

The DMR splittings of PAAdl4 (Figure 1) were analyzed in terms 
of structure, conformation and orientational order as in Ref. 39. 
Using the so-called ratio plots,39 we have verified that addition of 
Ac9Ac to PAAdl4 up to 20% wlw does not change measurably the 
average structure and conformation of the PAAdl4 molecules. Con- 
sequently, the order parameter S, of PAAdl4 in the mixtures was 
determined using the same correspondence between S, and the largest 
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FIGURE 3 Phase diagram of PAAdlWAc9Ac system. The dotted straight lines are 
the tangents, at &, = 0, to the coexistence curves. The crosses are the pseudo-clearing 
points determined from the PAAdl4 order parameter data as explained in the text 
and in Figure 4. The dashed straight line is Eq. 13 with K = 0.43 and T,v,, = 
136" C. 

quadrupolar splitting Avl as in the pure sample.39 The order param- 
eter S, of Ac9Ac was determined by analogy with the work on nematic 
polymer DDA9-L.36-38,W Taking into account the differences 
between Ac9Ac and the polymer, essentially due to the presence of 
aliphatic spacers in the polymer, we could estimate the relation 
between S, and the main splitting 26, as defined in Figure 2. The 
result is: 

26,lKHz 2 23.6 S, (1) 
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NMR STUDIES OF A NEMATIC MIXTURE 223 

Figures 4 and 5 show the values of S, and S2 respectively, in the 
four mixtures studied and in pure PAAdl4. It is observed that in a 
given mixture, S2 is always smaller than S, and that all curves have 
similar temperature dependences, with a monotonous decrease in the 
pure nematic phase, and a tendency to flatten off in the N + I biphase. 
Note also that the 20% mixture is not stable in the pure nematic 
phase. These data-order parameters and phase diagram-are an- 
alyzed below in terms of recent theories. 

4. ANALYSIS 

4.1. Order parameters 

The order parameters can be analyzed in terms of the theory of Pallfy- 
Muhoray et al.li This theory is a generalization to binary mixtures of 
the Maier-Saupe (MS) theory42 of pure nematics. It predicts that, if 
the nematic interaction parameters u$ (i, j = 1,2) per unit number 
density of component j satisfy the mean geometric rule:* 

then, the order parameters S, and S2 are given by: 

I- 

s2 = f f (  &) 
where the function f ‘  is: 

with 

ri 

The parameter a,  temperature T and volume fraction 4 of component 2 
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226 P. ESNAULT er al. 

in the nematic part of the mixture are related by the following 
equation: 

In this equation, the TNI, are the clearing temperatures of pure com- 
ponents i. They are related to the u[ and to the molecular volumes 
v, by the relation: 

Equation (6) suggests the definition of an average clearing temper- 
ature Tp(+)  as follows: 

Combining Eqs. (3) to (8), Eq. (6) can be rewritten: 

This equation shows that if S, and S2 verify the following propor- 
tionality relation 

then Eq. (9) can be rewritten: 
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NMR STUDIES OF A NEMATIC MIXTURE 221 

This equation is formally identical to that obtained in the MS theory 
of pure nematics having a clearing temperature T, (+). Consequently, 
if S2 and S1 are related by Eq. (lo), S1 is the same universal function 
of reduced temperature as that of pure component 1 provided that 
TNIl is replaced by T,(+).  Equation (10) shows that the same 
temperature dependence holds for S,. Figure 6 of Ref. 11 shows that 
Eq. (10) is verified for values of S, and S, such as max(S,, S,) 5 0.5. 

It must be noted that for a given mixture of composition +, T,(+) 
is not observable in practice since demixion into nematic plus isotropic 
biphase occurs before this temperature is reached. T,(+I)  is thus a 
pseudo-clearing temperature very similar to that introduced by 
BrochardZ4 to describe the thermodynamic properties of dilute 
solutions of flexible polymers in nematic solvents. 

This theory is now applied to analyze the order parameters data 
of Figures 4 and 5. In Figure 4, we have shifted the curve corre- 
sponding to pure PAAdl4 along the temperature axis until the best 
superposition to the curves corresponding to the mixtures (in the pure 
nematic phase) is obtained. It is observed that for 4 = 5 ,  10, 15%, 
this curve can very well represent the temperature dependence of S, 
in the mixtures, even for values of S, larger than 0.5. Extrapolation 
of this curve toS, = SINll  Z 0.38 as indicated in the figure allows 
the determination of the pseudo-clearing temperature T, for each 
concentration +. These values of T,(+) are reported on the phase 
diagram (Figure 3), and it is seen that the points indeed fall on a 
straight line as predicted by theory. Figure 6 shows the order param- 
eter data replotted versus reduced temperature T /  T, (+), including 
the biphasic points for which the corresponding values of Tp are 
deduced from the phase diagram. It is seen that S ,  and S2 points 
indeed gather on the same respective curves, at least not too far from 
the pseudo-clearing point for S,. 

These results are now used to determine v2 and TN12. Introducing 
the mass fraction of component 2, + M ,  related to volume fraction +I 
by the relation, for 4 << 1, 

M 
+ = - -+  Ml v 2  

Iw, "1 

Equation (8) can be written: 
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NMR STUDIES OF A NEMATIC MIXTURE 229 

with 

The best fit of Eq. (13) to the data in Figure 3 yields K = 0.430 t 0.05. 
A second relation between these parameters can be obtained using 

the S2 data. Combining all the data of Figures 4 and 5, it is possible 
to represent S2 versus S, as shown in Figure 7. According to theory”, 
S, should be nearly proportional to S, (Eq. (10)) for S1 G 0.5. The 
full line in Figure 7 is the best fit of a curve of the form: 

S2 = K’S,  (15) 

to the points limited to S1 s 0.5. It is seen that a good fit is obtained 
for K’ = 0.790 t 0.05. The upward deviation from linearity for higher 
values of S, is also predicted by theory.” Combining Eqs. (lo), (14), 
(15) and the values found for K and K ,  it is possible to 

s2 

/ 
/’ 

/” 

0.4 1 
03 - 

I I I > 
Sl 

0 :4 015 0.6 0.7 

FIGURE 7 Ac9Ac order parameter S, versus PAAdl4 order parameter S, in 
the four mixtures studied, including biphasic points. Symbols are the same as in 
Figures 4 to 6 .  The full straight line is Eq. (15) with K‘ = 0.79. The dashed straight 
line is S, = S,. 
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230 P. ESNAULT et al. 

deduce the virtual clearing temperature TNI2 of Ac9Ac and the ratio 
of molecular volumes v,lvl. With M, = 272, M, = 342, TNl, = 409 K, 
we obtain: 

TNIz 220 * 14 K ;  - v2 = - 1.16 5 0.08 
V1 

The rather low value of TNlZ is an indication of the poor mesogenic 
character of Ac9Ac, and consequently of the mesogenic unit of the 
corresponding main chain polymers, such as DDA9 polymers. This 
situation is probably related to the presence of the two methyl groups 
on the phenyl rings of the molecule. The value of v,/v, is in complete 
agreement with what is expected from steric considerations. To be 
more specific, the mean massic volume of normal nematic PAA is 
0.86 cm3/g39.42 corresponding to a molecular volume of v1 = 368 A3. 
We can assume that the molecular volume of PAAdl4 is the same. 
From this result, we deduce that the molecular volume of Ac9Ac is 
v2 = 427 5 33A3. The ratio of densities of Ac9Ac and PAAdl4 is 
estimated to M,vlIM,v2 = 1.08 -+ 0.08. 

In conclusion to this section, it appears that the theory of Ref. 11 
can be used to describe the order parameter data in the Ac9Ac/ 
PAAdl4 mixtures up to at least + = 0.2. This result implies that the 
basic assumption of the theory, namely the geometric mean rule, 
Equation ( l ) ,  holds for this system. It has permitted to deduce the 
virtual clearing temperature of Ac9Ac and the ratio of molecular 
volumes of the components. It has the same limitations as the M - S  
theory concerning the quantitative predictions, essentially (i) the ac- 
tual temperature dependence of the order parameter is not exactly 
that predicted and (ii) the value of the order parameters at the clear- 
ing point is too high compared to the measured ones. The compar- 
atively good agreement between theory" and our experimental data 
comes from the fact that these two features were not explicitly used 
in the analysis. 

4.2. Phase diagram 

The same theory" can be used to analyze the phase diagram. It 
predicts, in particular, the existence of a nematic plus isotropic bi- 
phase. Calling +N and +I the volume fractions of component 2 in the 
nematic part of the biphase at the nematic-biphasic and biphasic- 
isotropic transitions, respectively, algebraic manipulation of Eqs. (23) 

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:
55

 1
9 

Fe
br

ua
ry

 2
01

3 



NMR STUDIES OF A NEMATIC MIXTURE 23 1 

and (24) of Ref. 11 shows that for + + 0, the ratio + N / + I  is given 
by: 

(") +I 0 = enp[ -: K(l - 91 
with 

where A H N I ,  is the clearing transition enthalpy of component 1. The 
second member of this equation can be calculated from the known 
thermodynamical data of PAA and the preceding results. The result 
strongly depends on the value of A H N I L .  The values found in the 
literature are not very precise and scatter from -573 to 757 J / m ~ l e . ~ l  
With T N I ,  = 409 K ,  we obtain values for K, ranging from -0.169 to 
0.223. With T N I z  = 220 K and v2/v1 = 1.16, the predicted values of 
( + N / + I ) O  range between 0.913 and 0.887. 

On the other hand, by extrapolating the coexistence curves to 
+ = 0 in the phase diagram (Figure 3), we deduce the following 
equations for the tangents at the origin of these curves: 

Combining Eqs. (12), (18) and (19), we deduce that the experimental 
value of (+Nl+I)O is = 0.548, i.e. much smaller than the predicted 
one. The situation appears as if the value v,/v, to be used in Eq. (16) 
was much larger than the ratio of molecular volumes. Taking v2/v1 
as an adjustable parameter, agreement with experiment is obtained 
for v2/v1 ranging between -5.8 and -7.7. This result is not simply 
related to the limitations of the M - S  theory to predict the correct 
value of K,. This value is indeed ( K = ) ~ - ~  = 0.418 for all pure ne- 
matics." Using this value in Eq. (16), we obtain v2/vI = 3.1, which 
is still too large. 

This situation is not specific to the Ac9Ac/PAAdl4 mixtures. In 
References 13 to 17, are reported a large number of data on phase 
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232 P. ESNAULT et 01. 

diagrams of mixtures of nematics with a variety of non nematogen 
molecules. In all cases, analysis of these data in terms of Eq. (16) 
with T N i 2  = 0 yields values of v,Iv, (or equivalently of K=) which are 
too large by at least a factor of 2. With T N 1 2  # 0 which is the case 
in practice for non perfectly spherical solute molecules, the situation 
is worse. 46 

The reason for this is probably linked to the limitations of molecular 
theories to describe phase transitions. Brochard et ~ 1 . ~ ~  have devel- 
oped a theory of nematic mixtures which combines the M-S theory 
of n e m a t i ~ s ~ ~  and the Flory-Huggins lattice model of mixtures.43 The 
components 1 and 2 are assumed to occupy N ,  and N,  lattice sites. 
The anisotropic interactions are characterized by nematic interaction 
parameters u$  per unit volume fraction of component j .  They are 
formally related to the corresponding parameters u; of Ref. 11 by 
the relation: 

This theory predicts that if S 2  < S, as it is the case here, for + + 0 
the volume fractions +.v and +I are related by the following two 
equations: 

If the geometric mean rule is assumed, using Eqs. (2), (7) and (20), 
Eq. (22) can finally be written: 

This equation is formally 
N,.  From the preceding 

identical to Eq. (16) with v,Iv, replaced by 
analysis, Eq. (23) means that one Ac9Ac 

molecule occupies between 5.8 and 717 lattice sites. An independent 
determination of N2 can be made using Eq. (21). Combining Eqs. 
(18) and (19), we obtain N, ranging between 7.5 and 9.9 sites. These 
values are in complete agreement with one another if one considers 
the experimental uncertainties. It can thus be concluded according 
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to the theory of Brochard et that in the Ac9Ac/PAAdl4 mix- 
tures, one Ac9Ac molecule occupies between 6 to 10 lattice sites. In 
a picture where one lattice site is reasonably assumed to correspond 
to the volume occupied by one PAAdl4 molecule (at least for dilute 
solutions), this result means that the presence of one Ac9Ac influ- 
ences much more space than that its own volume.47 

In the following, we propose a simple model in which we show 
that the number N2 may be interpreted as corresponding to the av- 
erage volume centered around one solute Ac9Ac molecule in which 
the orientational order of the nematic medium is perturbated by the 
presence of this molecule. This model is expected to be valid in all 
nematic mixtures where the solute is less mesogenic than the solvent. 

5. A SIMPLE MODEL OF (DILUTE) NEMATIC SOLUTIONS 

Although a dilute nematic mixture is a fluid, macroscopically ho- 
mogeneous medium (in the absence of demixion), on a microscopic 
scale it can be considered as an heterogeneous medium in which 
(partially oriented) solvent molecules are embedded in a sea of (well 
oriented) solvent molecules. The order parameter of the solute is S, 
and the order parameter of the solvent very far from the solute is 
that of the pure solvent Sy. From this view-point, the solute molecule 
acts as a perturbation of the local orientational order. We reasonably 
expect that this perturbation is not limited to the physical volume of 
the solute, but extends in the medium over some distance, and con- 
sequently that the order parameter of the solvent varies more or less 
continuously from the value S, near the solute to Sy very far from 
it (cf. Figure 8). 

The simplest way to describe mathematically this situation is to 
assume a spherical model in which the perturbation is characterized 
by a correlation length 50.25j28,44 We have: 

S(r)  = S, 0 5 r 5 b (24a) 

b 
r S ( r )  = Sy + (S2 - S y )  - exp[ - ( r  - b)/&,] r 2 b (24b) 

in which b is the radius of a sphere whose volume is the physical 
volume of the solute v,: 

4T -b3 = V ,  
3 
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234 P.  ESNAULT et al. 

At finite (but small) concentration, the medium can be considered 
as the juxtaposition of “spheres per solute molecule” whose radius 
Re is given by: 

For 50 << Re, the local order parameter inside this sphere is given 
by Eqs. (24). At larger concentrations, when Re - to, the order in 
one sphere is also perturbed by the presence of neighbouring spheres. 
In a first approximation, we can assume that the equations are the 
same but 50 must be replaced by an effective correlation length 6 > 
50, which is an increasing function of 4) (see Figure 8). 

This model is now used to analyze the order parameter data of 
Figures 4 and 5. With v2 = 427 A3, we obtain b = 4.67 A. For 4)M 
= 0.05, combination of Eqs. (12) and (26) yields Re = 12.7 A. 
With a self-diffusion coefficient D, of PAAd14 molecules of 

~ m ~ / s , ~ ~  we find that the average time for one molecule to 
explore the volume of radius Re is -4Rz/6D, - lop9 s, i.e. much 
shorter than the time scales of PMR and DMR. Consequently, for 
all concentrations experimentally considered in this work, the meas- 
ured values of S ,  are the averages of S ( r )  between b and Re. We 
have: 

IRe S(r)r2dr 3 s, = 
R , 3 - b 3 b  

FIGURE 8 Simple spherical model of a dilute nematic mixture. The solute occupies 
a sphere of radius b and its order parameter is S2. At infinite dilution, the order 
parameter of the solvent vanes from S ,  at r = b to S y  at r = p according to Eq. (24b). 
The dashed lines picture the influence of neighbouring solute molecules at finite 
dilution. See text for details. 
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NMR STUDIES OF A NEMATIC MIXTURE 235 

Combining the data concerning Sz, S1 and S! and inserting Eq. (24b) 
into Eq. (27) with to replaced by 6 ,  it is possible to determine 6 for 
each temperature and concentration. The value of to is obtained by 
extrapolating the values of 5 to + = 0. The results are shown in 
Figure 9 where we have represented 6 versus +M for several temper- 
atures. It is seen that 6 decreases with +, as expected, and tends to 
a value eo Z 5 A which is practically independent of temperature. 
Note also that for finite +, 6 is found to diverge with increasing 
temperature just before entering the biphasic region. 

The fact that e0 is found to be independent of temperature strongly 
suggests that this distance is an intrinsic property of the Ac9Ac/ 
nematic PAAdl4 medium. In terms of the average orientational order 
of the medium, one can roughly consider that the order parameter 
is S, inside a sphere of radius b + Eo and is Sy outside this sphere. 
With the hypothesis that one PAAdl4 molecule occupies one site, 
the sphere of radius b + to corresponds to Ns sites given by: 

'ttA,? - 

50- 

2 5- 

0 I I 
I > 

0 0.05 0.1 0 0.15 
FIGURE 9 Correlation length 5 versus concentration for various temperatures in 
the nematic phase. Note that, for I$ + 0, all curves converge towards to Z 5 A, and 
that for a given concentration, 5 tends to diverge as the nematic-biphasic transition is 
approached. 
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With b = 4.67 A, 50 z 5 and v, = 368 A3, we obtain 
N ,  z 10.3. This number is comparable to the value found for N2 
from the analysis of the phase diagram suggesting that these two 
numbers should be identified with one another. In short, N2 corre- 
sponds to the average number of sites on which the orientation order 
is perturbed by the presence of one solute molecule. This analysis is 
supported by the fact that, near the demixion boundary, 6 is found 
to diverge. This means that the orientational order is strongly per- 
turbed everywhere, whatever the (small, but finite) concentration, 
implying strong interaction between solute molecules which induces 
the phase separation. 

6. SUMMARY AND CONCLUDING REMARKS 

We have determined the phase diagram and the component order 
parameters of a binary system involving the low molecular mass ne- 
matogen PAA and the potential nematogen Ac9Ac, using combined 
proton and deuterium NMR methods. These data have been com- 
pared with recent theories. The molecular mean field theory of Pallfy- 
Muhoray et a/." appears to be adequate to describe the behaviour 
of the order parameters, implying that in this system, the mean geo- 
metric rule holds for the nematic interaction parameters. We have 
shown that the volume fraction average of the clearing temperatures 
of the two components may be considered as the pseudo-clearing 
temperature of the corresponding mixture. This concept appears to 
be useful to predict the component order parameters of this mixture 
in terms of the order parameters of the solvent, at least for dilute 
solutions, and not too far from the transition. The quantitative lim- 
itations of this theory are the same as those of the parent Maier- 
Saupe theory.42 On the contrary, the theory of Ref. 11, and probably 
all types of molecular theories appear to be rather poor to predict 
quantitatively the phase diagram. In these theories, the situation 
appears as if the volume of one solute molecule was much larger than 
the actual molecular volume. The theory of Brochard er aLZ2 provides 
a more general framework to describe phase diagrams by identifying 
this volume to a number of lattice sites. Based on a simple model, 
we have proposed that this volume, or number of lattice sites occupied 
by one solute molecule, may be identified with the mean volume 
in which the nematic order is perturbed by the presence of one 
solute molecule, in infinitely dilute solution. This model is expected 
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NMR STUDIES OF A NEMATIC MIXTURE 237 

to apply to all nematic mixtures in which the solutes are poor or non 
nematogen. 

It is worth noting that the situation found in the biphasic range of 
the PAAdl4/Ac9Ac system appears to be intermediate between the 
case of quasi-spherical solute molecules in which the solvent order 
parameter is found to be constant (and minimum),13 and the case of 
flexible polymer solutes in which the solvent order parameter is found 
to strongly decrease.” The present results support the statement made 
by B r ~ c h a r d ~ ~  that in nematic mixtures, lower coexistence curve and 
clearing temperature are of different thermodynamical origins. 

Finally, it must be realized that (i) a large number of data could 
be collected in this study because of the combination of DMR and 
PMR which allowed independent observation of the solvent and 
solute molecules and (ii) the analysis could be pushed so far not only 
because of the existence of theories, but also of the existence of 
reasonably reliable methods to extract order parameters from the 
NMR spectra. 
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47. It is worth noting that the theory of Ref. 22 is more general than that of Ref. 11 
since the geometric mean rule (Eq. (2)) is not assumed. In this case, for given 
values of the nematic interaction parameters u,,, the plot S, versus S, is no more 
a single curve, but rather a whole set of isoconcentration and isothermal curves 
(cf. Figure 1 of Ref. 22). Thus, observation of a single curve in such plot proves 
that the mean geometric rule holds for this system. 
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