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Structural properties of Polymer Dispersed Liquid Crystals made of mixtures
of deuteriated polystyrene (d PS) and 4-cyarw-4'-n-octy lbiphenyl (8 CB) are
studied by Small Angle Neutron Scattering (SANS). Two dist inct blends are
conside red wi th a polymer dPS molar mass M",equal to 49500g[mo l and liquid
crystal concentration 60 and 75 weight% (wt.-% ). Data covering the range
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36/ [2172J U. Maschke et al.

oj tem peratu re jrom 300 G to 75°G are discussed. In this tem perature domain,
8GB ex hibits a varie ty ojorderings such as smec tic-A (2 I .5°G-33.5°G), nematic
(33.5°G-4 0.S'G) or si m ply an isotropic state above 40.S'G. The results are ratio ­
nalized in terms oj the Random Phase Approx imation (RPA) invoki ng the
temperat u re dependen ce oj the Flory-Huggins in teraction parameter and the
cor relation length ojfluctuations at the in terface oj polyme r and liqu id crystal.

(1)

(2)

Key words: liquid crys ta l; neu tron scatt ering; phas e behavior; polymer

INTRODUCTION

Structura l and phase prop erties of Polymer Dispersed Liquid Crystals
are accessible by the Small Angle Neutron Scatt ering (SANS) technique.
This te chnique is powerful in probing the conformation of chains in such
syste ms in terms of temp erature and composition [1-7]. It gives a high con­
trast of the coherent signal via deuterium labelling, cont rast that leads to a
coherent signal orde rs of magnitude larger than the incoherent component.
By deute rium labelling the polymer, one is able to explore long range com­
position fluctuations and changes of chain conformat ion with temperat ure
[8,9]. Application of neutron scattering to polymer blends takes a particular
advantage of the recent advances in modelling using analytical calculat ions
and computer simulations [10-12 ]. For example, de Gennes [13] Random
Phase Approximation (RPA) can be used to extract the Flory-Huggins
[14] interaction parameter ZAB describing the extend of miscibility of poly­
mer and LC. In the zero angle of scattering limit, one can relate the RPA
result to the free energy in the Flory-Huggins modelf FH as follows [1,13,14]

-1 fPfFH 1 1
S (q = 0) = k T{)2 2 = N- +N- - 2 XAB

B qJB AqJA BqJB

wher e the subscripts FH, A and B refer to Flory-Huggins, LC, and polymer,
respectively; kg is the Boltzmann constant and T is the abso lute tempera­
ture. The letter q represents the amplitude of the scattering wave vecto r
and Seq = 0) is the zero q limit of the structure factor; N A and N B are
the numb ers of repeat unit s of the LC and the polymer while <PA and <pg
represent their volume fractions . Following the standard procedure, one
obta ins the inverse st ructure factor at finite scatt ering angle

- 1 1 1 2 2
S (q) =N-+N- -2ZAB+ q ~

AqJA BqJB

This result provides a direct connec tion between the thermodynamic
properties at q = 0 given by the first 3 terms on the right hand side and
the struc tural properti es at finite q.
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Recently we reported a detailed study of the phase diagram of blends
made PS and 8CB [6,7] in the temperature, composition frame . Various
systems characterized by different polymer (PS) molar masses were exa­
mined using polarized optical microscopy (POM), differential scanning
calorimetry (DSC) and light scattering. Data were rationalized in terms
of a combinat ion of the Flory-Huggins [1 4] the ory of isotropic mixing and
the Maier-Saup e-McMillan [15-1 7] theory of nematic and smectic-A order.
In view of the encouraging results obtained from the thermophysical study
and the consistency observed between data and theore tical formalism, we
report here the results of an investigation of th e structural prop erti es by
performing SANS measurements of PDLC films made of deuteriated poly­
styrene (dPS) and 8CB mixtures . A deuterated samp le of PS with molar
mass Mw = 49500 g/mol is used with LC concentrations 60 and 75 wt%.
The scattering intensity is measured as a function of the amplitude of
the wave vecto r q in a wide range of temperature T.

EXPERIMENTAL PART

Materials and Sample Preparation

Deuterated PS (dPS) has been prepared using a standard procedure.
The molar mass and its distribution were obtained as Mw = 49500 g/rnol
and Mw/Mn = 1.07 (GPC measurements in tetrahydrofuran at room
temp erature, calibrated with standard PS samples) . The LC 4-cyano-4' -n­
octyl-biphenyl or 8CB has been obtained from Frinton Laboratories (New
Jers ey, USA). It shows crystalline (K) , smectic-A (S) , nematic (N), and
isotropic (1) phases with transition temperatures given in the same order
by TKS = 21.5°C, T SN = 33.5°C, and T N! = 40.5°C.

Mixtures of PS and 8CB with 60 and 75 wt% LC were heated slowly from
room temp erature to roughly 15 degrees above the transition temperature
leading to the isotropic phase . The homogeneous samples were left
approximately 5 min in the isotropic state and then transferred to sample
holders specially construc ted for SANS experiments while the temperature
was kept constant. Afterwards, samples were cooled down allowing phase
separation to take place.

Small Angle Neutron Scattering

The SANS data were taken using PAXY instrument of the Laboratoire Leon
Brillouin (CEA-CNRS) in Saclay. The scattered beam was collected on a
plane of the two-dimensional detector using the wavelength A= 8 A and
the detector-sample distance R was set at 6 m to reach the small angle
rang e. Data were normalized and the incoherent background substracted.
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The scatte red intensity I(q ) is proportional to the number of neutrons
reaching the detector surface A per unit time at a distance R from the
sample. Letting .Ml the solid angle, de / dn the differential scattering cross
section and 4> the incident neutron flux (expressed in cm- 2S-I) of wave­
length ), yields [1,2,18]

I (q) = 4> ~~ f1n (3)

where f1n = 0"/R2
. The de / dn has a unit of a surface and is proportional to

the struc ture factor Seq)

( )

2
de V A
-= a -b - S(q)
dn V o

(4)

where a is the coherent scattering length of 8CB, b is the coherent scat ter­
ing length of dPS, and Vo is a reference volume.The partial molar volume of
the LC V A can be related to its volume fraction 4>A and its molar concen­
tration CA via 4>A = CA VA'

RESULTS AND DISCUSSION

In order to see whether deuteration of polymer influences its miscibility
with 8CB, we established its phase diagram and indeed found similar
results with a small shift upward of th e transit ion tem perature not exceed­
ing a couple of degrees. The measurements were made for systems with 60
and 75 wt.- % LC in a temperature range covering regions where the LC
exhib its the orderings indicated earlier. Typical results are shown in
Figure 1 where the scattered intensity is represented in terms of the wave
vecto r q = (4n/).) sin(8/2), 8 being the scatt ering angle and), the
wavelength of the neutron incident beam. In this figure, we collected the
results for the 2 systems with LC concent rat ion 60 wt.-% (empty symbols)
and 75 wt .-% (filled symbols) to allow a direct comparison. For the sake of
clarity, we give the curves corresponding to 4 temperatures only spanning
the range between 30 and 70°C. It is worthwhile to recall that the phase
diagram established independently reveal that between 30 and 33.5°C, a
swollen isotropic polymer phase coexists with a pure LC phase in the smec­
tic-A order while in the range between 33.5 and 40.5, the LC in droplets
exhibits a nematic order. As the system is heated up to 50°C, one observes
2 coexis ting isotropic phases with different compositions and degrees of
swelling by the low molecular weight LC acting as a solvent. Above 50°C,
the system shows a single homogeneous isotropic phase [6].
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FIGURE 1 The SANS data representing I (q) versus q for the two systems corres­
ponding to 60 wt.-% (empty symbols) and 75 wt.-% 8CB (filled symbols). The
temperat ures are indicat ed on the figure.

Figure 1 illustrates how the scattering intensity changes with compo­
sit ion and temperat ure. Both the value of the scattering intensity near
q = 0 and the shape of the curve l(q) versus q are modified . Since the
cont rast is due to the difference in the coherent scattering lengths of
dPS and 8CB, th e neu tr on beam effectively probes the polymer / LC inter­
face. One see s that the scattering curves shift downward with increasing
LC concentration and tempe rature . These results are consistent with the
predict ion of Eq. (2) . First one expec ts that the Flory-Huggins interaction
parameter increases with decreas ing temperature which is what we
observe. On the other hand, as the system is diluted with a higher amount
of low molecular weight LC, the range of composition fluctuations
described by th e corre lation length ~ increases meaning that l (q) drops
down at a given q . Typically ~ has values near few nm or higher depending
on the temperature.

Anot her representation of these results is displayed in Figur es 2a and 2b
where the inverse int ensity r l (q) is plotted versus q2 for 60 and 75 wt .-%
8CB, respectively. Here, we limited ourselves to a temperat ure domain
where the LC is isotropic acting as a solvent with varying degree of com­
patibility towards the high molecular weight polymer. In both figures, th e
slope of r I vs q2 increases slightly with decreasing temperature. This
results from a dro p in the solvent quality as the temperat ure decreases.
Furthermore, th e intercept with the y-axis decreases significantly following
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FIGURE 2 r1(q) versus q2 for the system with a) 60 wt.-% 8GB (above) and
b) 75 wt.-% 8GB (below) for several temperatures as indicat ed on the figure.

a cooling down of the system since XAB increases. This behavior is pre­
dicted by Eq. (2). Comparing Figures 2a and 2b confirms the observation
made above conce rning the effects of LC conce ntration. A close analysis
of data in a wider range of temperature and in the immediate vicinity of
q = 0 reveals othe r aspects such as polymer chain swelling upon heating
the system. At small q's, the inverse intensity r 1 versus q2 shows a
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curvature following a substantial increase of intensity near zero angle that
could be due to the incoming beam but quickly (above 10- 2 A- I ) the
curves level off showing the trends of Figures 2a and b. Some data scatte r­
ing is observed up to 40°C but the trends of linear increase r 1 versus q2 is
clear. Additional SANS experiments are und er way to explore other compo­
sitions in the temp erature, composition frame of the phase diagram of the
dPS/ 8CB system. The result s will be report ed in the near future.

CONCLUSIONS

Structura l properties of dPS/8CB mixtures are explored in a wide range of
temperat ure for two LC concentrations. Data are consistent with simple
predictions of the RPA model for polymer blends. The scatte red intensity
decreases with temp erature and dilution with the low molecular weight
LC. Upon heating the system, the Flory-Huggins interaction paramete r
ZAB drops and the scattered intensi ty I (q ) decreases especially in the vicin­
ity of q = O. The correlat ion length of composition fluctuations is inferr ed
from the slope of rl (q) versus q2 curves. This slope decreases slightly
upon heating consistent with an expected miscibility enhancement and a
decrease in the interaction parameter. More importantly, the intercept of
the curves representing r 1(q) vs q2 with the y-axis decreases upon cooling
as a result of an increase in ZAB'

This investigation shows that the SANS technique provides a unique tool
to get access to precise structura l properti es of systems such as the PDLC
compound investigated here. It could be very useful to pursue this effort
and cover a wider range in the temperature versus composition frame of
the phase diagram of the PS/ 8CB syst em.
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