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Simulations of flow-induced director structures in nematic liquid crystals through Leslie-
Ericksen equations. Il. Interpretation of NMR experiments in liquid crystal polymers
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Computationally exact and approximate solutions of the Leslie-Ericksen equations for nematic liquid crys-
tals in two dimensions are employed to calculate director distributions in cylindrical samples, rotating under
the influence of a magnetic field. In particular, the time evolution of systems prepared initially in metastable
states with respect to the magnetic field is investigated, and calculated director distributions are used to
interpret rheo-NMR experiments in nematic liquid crystal polymers.
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I. INTRODUCTION to the primary variables, like the vorticity and stream func-
tions of the fluid and the angle made by the director with the
In the preceding papseihereafter referred to ag [1], a  magnetic field, one can significantly reduce the complexity
computational methodology for the treatment of Leslie-0f the equations, without introducing any additional approxi-
Ericksen(LE) equationg2—4] in two dimensions was pre- mation. An exact computational treatment, which takes into
sented, and a number of significant dynamical behaviorgccount the spatial dependence of the director field and its
were described for a classical experimental setup, in whicl§OUPling with the velocity field, is required when low viscos-
the nematic fluid is contained in a cylindrical vessel and'y nematics(0.1-10 Pajare subject to fast mechanical per-
subjected to magnetic torques and/or mechanical stresses firPations(e.g., start-and-stop rheo-NMR and ESR measure-

duced by spinning, either with a constant rotational speed di'€Nts particularly if one is interested in determining the

according to a start-and-stop speed profile. In this work it iSdirector field behavior during the mechanical solicitatjth

our intention to complement the discussion presented in | bSunable approximate treatments can be introduced if the sys-

illustrating a restricted application of the LE equations to the){em Is under the influence of the magnetic field only, and for

: . . X _nematic liquid crystals characterized by much larger viscosi-
interpretation of combined rheological and nuclear magneti q y y 9

NMR . ¢ g c Dol Yies (16—1G°Pa’s), since in this case it is permissible to
resonance ) experiments performed on nematic poly- simplify the treatment of the velocity fieltbr related func-

mers [5-7]. We shall introduce additional approximations yion¢ considerably, as it relaxes faster than the director field
that take into account specific features of the experimental;,y can be treated adiabatically.

setup and we shall compare simulated spectra with experi- e shall concentrate in the following on a particular ex-
mental results. Our purpose is mainly to demonstrate that Berimental setup combining rheology and NMR, performed
qualitative interpretation of the dynamical behavior of apn a nematic liquid crystal polymer, as an example of the
nematic polymer under mechanical stress, detected by NMBpplication of nematodynamics to the semiquantitative inter-
spectroscopy, can be reached within the Leslie-Ericksen afpretation of magnetic resonance experiments in liquid crystal
proach, at a modest computational effort. samples. The system will be initially prepared assuming that
Magnetic resonance experiments, both nuclear magnetite director is aligned perpendicularly to a strong magnetic
resonance and electron spin resonafiE8R) [8,9], can be field. We shall assume that the initial distribution of the di-
used to monitor the time evolution of nematic director pat-rector field is subjected to thermal fluctuations, whose time

terns, which evolve according to the hydrodynamics of theevolution will be treated in the following as determined
fluid and the influence of magnetic and mechanical forcegurely by nematodynamics equations. For metastable initial
and in principle are obtainable from numerical solutions ofdistributions, for instance, if the director is aligned perpen-
LE equations. The complexity of the computational treat-dicularly to the magnetic field, fluctuations are the main
ment of LE equations, even in two dimensions, is essentiallgource of symmetry breaking, which allows the director field
due to the algebraically involved form of the coupling termsto start realigning with the magnetic field in the absence of
between the director vector fielt(r,t), which specifies the mechanical stress. Approximate solutions of the LE equa-
orientation of the local director at timteand positiorr, and  tions will be used to calculate theoretical spectra to be com-

the velocity vector fieldv(r,t), which describes the local pared with experimental data.

flux of the fluid[1]. By introducing suitable functions related  This paper is organized in the following way. In the next
section a brief summary is given of the computational meth-

odology described in I; next, additional approximations suit-

*Corresponding author. Email address: asfm@mail.fct.unl.pt  able for highly viscous nematics are illustrated. Comparison

1063-651X/2000/6@2)/2301(9)/$15.00 PRE 62 2301 ©2000 The American Physical Society



2302

of calculated and experimental spectra is discussed in Sec.
[ll. Finally, a short summary of our work is provided.

Il. METHODOLOGY

Let us first summarize the main equations derived in | and
the computational methodology employed for their treat-
ment. For a generic nematic, characterized by an average
elastic constanK and Leslie viscositiesy; (i=1,...,6),
the LE equations in their vorticity-stream function form in
two dimensions can be written in the following wd|:
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FIG. 1. Sketch of a rheo-NMR start-and-stop experimental ge-
ral— 72 os ometry.
U axpax, M 2%
Yo=azta,=ag— as, 9
e _g) psin2¢ ¥a= g+ as. (10
92 _ Notice that the coefficients; are essentially Ekman numbers
+a; EVIEV AL 2¢ andb, is the inverse of a rotational Ericksen number. The
10X2 . . s . . .
influence of the aligning magnetic field is containedbip,
1/ 9% 4?2 for the experimental setup illustrated in Fig. 1; the average
2l il CcOs 2¢ elastic constant appears & and b,, which quantify the
! 2 elastic effect in the vorticity equatiof2) and in the director
+aV2+a,V2¢+asv 2, 2) equation.(l), respectively. The _computatior_1a_| treatment
adopted in | was based on a straightforward finite-difference
g:%p 3) algorithm. Simplified boundary conditions were imposed, as-
' suming that in the neighborhood of the internal cylindrical
. . walls of the sample containédNMR tube), the LE equations
s=A7+bysin2¢+byV7e, (4 are satisfied without significant changes of the director ori-
entation due to the wallgl].
= 2 7 7Y +sin2¢ : (5 "
= -C0S 2| —5— —> | +sin ,
72 gxi  IX5 IX19X3 A. Highly viscous nematics
2 5 2 Applications of the full equation€l) and(2) discussed in
1. Py 9y Py : . gl S
= _sin2¢| —— — | —cos 6 I were mainly concerned with low viscosity nematics, i.e.,
M 2 ¢ 2 2 2p ) (6) . . . . -
IXy  0X3 IX19Xz nematic fluids with Leslie coefficients of the order of 0.1-10
5 ) ) Pas. The main object was the study of director dynamical
_ L os I ~sin2é J @ behavior in the presence of an imposed magnetic field, which
Y72 x5 x5 IX10Xy’ was assumed to be of the order of @ typical of an ESR

choosing as unknowns the scaled vorticity =/ and the

experiment. Finally, the outcome was the description of spa-
tial time-dependent distributions of the director field under

stream functionyy=¥/QR?, and scaled time and coordi- fast rotation(Q of the order of 16s %) for short periods

natest=tQ, X;=r,/R, X,=r,/R, where() has the dimen-

(milliseconds or slow rotation(Q) of the order of 1 s%) for

sion of a rotational velocity, for instance, the rotational ve-long periodsseconds The purpose was to investigate back-
locity imposed on the tubey is the angle made by the flow effects arising from the coupling between director and
director with the magnetic field. Coefficien&s, a; (i

=1,...,5), A\, and b; (j=1,2) are written explicitly in
terms of the viscoelastic constantsay=K/s?p,
a=y2/sp,

=a1/Sp,

az=— y1/2sp,

a
a4=(a4/2

+ v4l4)Isp, and ag=— y,/2sp=—a,/2, where s=QR?,

and)\=—72/71, bl:_XaHZ/Z’le, andb2=K/715. The

velocity fields, which are especially important for low vis-

cosity nematic fluids, and the long time behavior of a nem-
atic fluid under stationary conditions. It was then essential to
simulate the complete development of the system by fully
solving the constitutive equations in their bidimensional
form (1) and (2). Such calculations are necessarily cumber-

coefficients y; (i=1,...,3) are defined according to Some[l], especially because one needs to calculate the di-

Parodi’s relation:

Yi= a3z~ &y,

)

rector response during the fast rotation regime, in which the
system is rapidly accelerated, and the following long time
relaxation to a realigned state with respect to the magnetic
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field. However, a number of interesting phenomena inferrechave simulated the director behavior for a series of hypo-
from the analysis of ESR spectra collected during stepthetical nematic liquid crystal samples of increasing viscosi-
rotation experiments were rationalized, likginitial spread- ties, through the complete numerical solution of Ed$.and

ing and subsequent refocusing of the director distribution(2). In Fig. 2 we show snapshots of the director orientation,
(i) the “overshooting” effect, i.e., partial orientation of the represented via a false color convention: from b{0& to
director field above the angle of rotation of the sample, andyreen(90°) and finally red(1809, the colors represent the
(iii ) weak backflow resulting from coupling with the velocity local director orientatiorb, for a sudden rotation of 90°. The
field[9]. In this work our scope is different and more limited. diameter of the tube is 0.75 cm and the rotational speed is
First of all, we shall shift our interest from low viscosity to 100 s*, while the rotation time is 15 ms. In Fig(& we
high viscosity systems, having in mind, essentially, a typicalshow the director patterns for a low viscosity nemdtee
NMR experiment performed on a nematic polymer, com-Table ): the system dimension is large enough and the rota-
bined with rheological measurements. Classical rheo-NMRion time is fast enough that essentially no realignment is
experiments5,6,10 are usually performed by imposing a reached perpendicular to the magnetic field. On increasing
sudden rotation on the NMR tube containing the nematic, irfll the viscosity numbers tenfold the director rotates inhomo-
a time which is essentially instantaneous compared to th@eneously, lagging behind in the bulsee Fig. 20)]; further
time scale of the director response. It is important, howeverncrease of the viscosityFigs. Ac) and 2d)] causes the di-

to define the initial state carefully, in order to describe the'ector to rotate rigidly and homogengously In the_ whole
possible amplification of long wavelength distortions of im- sample. We can thus sgfely assume in the.followmg th.at,
perfectly aligned initial director distributions. This is espe- when one analyzes a highly viscous nematic, the rotation

cially true if the starting distribution is in aonstablecon- step can be assimilated into a rigid rotation of the director,

figuration, corresponding, for instance, to an aIignmentWh'Ch is confirmed by experimental observations. Thus our

perpendicular to the magnetic field resulting from an initial Stear:“rr?(gntcs ong?fl:)rr?l;lgg ifr?r z?arl]y;r'ggwﬁreg;%t:gé’g c')\lthEee;-s-
rotation of the tube of 90°. During the subsequent realign-gum tion tk?at immediatelp byefore rotatiéiime 0-) the di-
ment to the magnetic field, the director orientation is, for all P y

practical purposes, separated from the fast adjustment of tr{sctor is homogeneously aligned with the magnetic field,

velocity flux, which is not caused by any mechanical torqueexcept for the possible existence of long wavelength thermal

but just by the local reorientation of the director itself. This Igjfti:aﬁggsg Igggﬂ:teIyec";lftgrr]dri%tliitrmi?eth% )mtgeniltrif:c;iel q
allows a simplified treatment of the coupled LE equations. InTh nitial ? ity fi I)(; P (Tp' K b 9 h :
the following, then, we shall propose a simplified form for . e initial velocity field at 0 Is taken to be zero everywhere
Egs. (1) and(2), working for an effective albeit approximate in the field, i.e., a sudden and complete stop of the tube is

interpretation of rheo-NMR experiments performed on highassumed to spread instantaneously to the fluid: this is con-

viscosity nematics, and we shall compare simulated NMRﬁrme<j _by experimental NMR lines which are identical in
spectra with available experimental data. shape immediately before and after rotatisee Sec. Il

The assumed distribution of the director at timé &
intrinsically unstable, i.e., it corresponds to a maximum of
the free energy of the system. The director can realign par-

The following experimental setup will be considered allel to the magnetic field by rotating in two opposite direc-
throughout the papeicf. Fig. 1). A highly viscous nematic tions, which are energetically equivalent. Thermal fluctua-
(Leslie coefficients of the order of #910° Pa 3 is subjected tions are the source for an imperfect alignment of the
to a constant magnetic field of the order of a few tesla, in airector, causing the initial symmetry to be broken. Follow-
tube having the diameter of a typical NMR probe, 0.5—1 cming Veronet al.[11], we shall represent initial fluctuations in
The director is initially aligned with the magnetic field. A terms of Fourier components, retaining the first few
very fast rotation of 90° is imposed on the system, which carwavelength components, corresponding to the lower
be considered instantaneous compared to the total time scadastic modes.
of the experimen(therotation step, to prepare the system in It is not our purpose here to discuss thoroughly the treat-
a configuration perpendicular to the magnetic fiéiditial ment of thermal fluctuations in nematics. Rather, we are
configuration). The system then realigns with the magneticmostly interested in the evolution of slightly perturbed initial
field, on a time scale of the order of 19(realignmen}. Let  states, assuming implicitly that on the long time scale of the
us analyze the rotation-step regime in detail. For a low visprocess of realignment to the magnetic field, purely hydro-
cosity nematic it has been shoWh| that the director is un- dynamic and deterministic behavior is to be expected, at
able to rigidly follow the sudden change in orientation. In-least for highly viscous nematics. Also, we are neglecting in
deed, for viscosities of the order of 0.1-10 Pas and foour study any relaxation processes characteristic of the poly-
relatively large tubes, i.e., those with diameters of the ordemer(conformational motions, et;.assuming that the Leslie-
of 1 cm, and for a duration of the rotation step of the order ofEricksen hydrodynamic equations suffice to describe the
tens of milliseconds, the director field in the bulk of the main features of the director relaxation.
system is never actually rotatgtl]. For increasingly viscous We are now in the position of evaluating the dynamical
nematics, keeping the tube dimension and rotation time corevolution of the director under the restoring pull of the mag-
stant, the system behaves increasingly according to a rigidietic field. The complete numerical solution of E¢b). and
like behavior, i.e., the director field is rotated in the whole(2) is possible, but very cumbersome because of the large
sample in a homogeneous way, by an angle close to thdifference in the time scales of the director orientatipand
cylinder rotation angle. To illustrate this phenomenon, wethe velocity-related quantitiesand . On the other hand, for

B. Approximate treatment
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FIG. 2. (Color) Snapshots of the director patterns obtained for a 90° step rotation in a low viscosity n@natid in a system with
viscosities increased 10 timés), 50 times(c), and 100 timesd). See Table | for the complete parametrization and Rdffor a guide to
the false color interpretation. Times are 0, 1, 2, 4, 6, 8, 10, 12, and 15 ms.

a highly viscous system such as a nematic polymer, we mageglecting entirely the material time derivative of the vortic-
safely assume that the velocity flux of the fluid in the ab-ity in Eq. (2), to take into account the adiabatic variation of
sence of externally imposed mechanical stresses is relativetye velocity field;(2) simplifying the material time derivative
small and adiabatically determined by the director reorientaef the director orientation in Eq1) by neglecting the con-
tion. In the following we shall thus consider the treatment ofvective term, i.e.g/d7~D/D 7; and(3) considering the spa-
the realignment regime using a simplified version of Efds. tial dependence of the velocity-related functions only upon
and (2), which are essentially obtained from them )  thex, coordinate, i.e., assuming that the velocity flux along
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TABLE I. Low viscosity nematic liquid crystal: MBBA4-methoxybenzylidene-4-n-butilanilind0 K
below clearing point.

Density p 10°kgm™3
Susceptibility Xa 1.62x10°7
Field H 7.065T
Average elastic constant K 1x10 N
Leslie coefficients a; —0.0087, —0.052, —0.002, 0.058, 0.038;-0.016
Pas
the direction parallel to the magnetic field is dominant: p=v=3%£c0S82p, wu=3&siN2p. (13
Y
T XUo,= 0. (11) . .. . .
IXq Since( is immediately expressed in terms &fand ¢ ass

=d¢ldT— &2, we can write a second order partial differen-
The approximate equation for the director can be writtential equation iné from Eq. (2) in the form
according to pointl), simply as

9% _3(1-x +by sin2¢+b,V? (12 i ) _
(97_—2( COS 2p) &+ by sin 2¢+ b, Ve, %, Aij(¢)§+Bij(¢)E =0, (14

and the scaled vorticit§ can be obtained as a function ¢f

taking into account that the ancillary functioms u, andv ~ where Einstein’s notation is used and matriegegndB are
which appear in Eq(2) can be simplified according to point defined, whose elements; (¢) andB;;(¢) are functions of
(2): the director anglep:

A 1[a,sir? 2¢p—2a,cos 2p—2az+4a, —a,sin2¢cos2p—2a,sin2¢ L
T4 —ay Sin 2¢ cos 2p— 2a, sin 2¢ —a;sif2¢—2az+4a, ’ (19
1/a,Ccos2p+2a; a, sin 2¢ 16
2| aysin2g —a,c0s2p+2as)’ (16
|
The elastic term irak [cf. Eq.(1)] has been neglected, since [ll. INTERPRETATION OF RHEO-NMR SPECTRA

it is at least three orders of magnitude smaller than the vis-

COHS terdms. Jh? co(rjngletﬁ _'solutéonzcan be o_bta:?_e((jj numerI)'rocedure summarized above to interpret rheo-NMR data ob-
cally and substituted back into E(L2), or a simplified S0-  iaineq for a solution of 14% of poly-I-benzylglutamate

lution can be recovered by retaining only the dominant termpg, G) in m-cresol[11], a model lyotropic polymer liquid
which corresponds to=j=2. Under the condition thafis  crystal(PLC).

periodic [5,10,11 along the direction perpendicular to the “The combined rheological and NMR experimdbt11]

We shall consider in this section the application of the

magnetic field, we get consists in putting the PLC sample in a strong magnetic field
and allowing enough time for the director to become fully

Bos(p) d¢p aligned with the magnetic field direction. Then the sample is

=" A D) ar (17 suddenly rotated by an angle of 90° and deuterium NMR

(D-NMR) spectra are collected during the following director
relaxation process. Let us first summarize the experiment in
more detail. In the initial state the polymer sample is at rest
in the strong magnetic field of the NMR spectrometer. At
R equilibrium, the molecules become aligned paralleHtoat
d¢ b, sin2¢+b,VZ¢ 19 least on average, and the nematic director field becomes ho-
Py — — : mogeneous in space. The D-NMR spectrum then shows a
i + (1~A cos ?‘ﬁ)( 3 C0S 2) +433) symmetric doublet. The separation between doublet peaks
—ay Si’ 2¢—2a5+4a, reflects the macroscopic alignment of the director and the
order parameter of the nematic phase. Once the equilibrium
Equation(18) is of limited, but clearly defined, value: it is situation is obtained, the sample tube is rotated suddenly
applicable for high magnetic fields, absence of mechanicahround its long axis, perpendicular to the magnetic field. The
stresses, and large viscosities. spectrum recorded immediately after rotatiovhich is sup-

Substituting in Eq(12) we get the final approximate equa-
tion for the director time evolution:
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TABLE II. High viscosity nematic liquid crystal: PBLG im-cresol at 302 K. Data shown here are from

Ref.[11].
Density p 10°kgm™3
Susceptibility Xa 0.94x10°8
Field H 7.046 T
Average elastic constant K 1x10 N
Order parameter S 0.74
Leslie coefficients a; —463,—-602, 8, 160.7, 429.3-164.7 Pas

posed to be instantaneous; see Secmiintains the same distribution in the sample assuming an initial distribution
shape, but the doublet splitting is reduced to half its equilib-characterized by Eq19): for the first 10 ga), 100 s(b), and
rium value due to homogeneous alignment of the directoi700 s(c); the same false color representation used in Fig. 2 is
perpendicular to the magnetic field. Under the restoring pulbdopted but only a small area, corresponding to 0.5 mm in
of the magnetic field the director then relaxes back to beingadius, is shown. The system evolves by deepening the initial
aligned to the magnetic field; during the realignment, inho-minima and maxima of the director. Afterward, the patterns
mogeneous distributions of the director are generated. Thare slightly complicated by competition with elastic effects
time scale of the process is dictated by nematodynamicand nonhomogeneous flow induced by the director reorien-
equations, which can be used to calculate transient directdation. Finally, the liquid crystal polymer is aligned to the
distributions as explained in Sec. Il. Details of the strength offield, maintaining a characteristic wall structure, i.e., the di-
magnetic field, temperature, estimated viscoelastic constantector is oriented alternately in two opposite directions, as
order parameter, and so forth are reported in Table Il for theoredicted by Martins and co-workers in a simplified analysis
case under investigation. Further information on the experief LE equations[5,11]. Our treatment fully confirms this
mental procedure and apparatus can be four{é,i1]. prediction, and allows a satisfactory interpretation of experi-
Once the time distributions of the director orientation aremental data. From the spatial distributions shown in Fig. 4,
available, we can calculate the D-NMR spectrum as a supelene can obtain the probability distribution of the director
position of spectra, each characterized by a director orientaangle, which describes the director behavior quantitatively at
tion, taking into account that the separation of the doubleeach time. In Fig. 5 we show the time evolution of the prob-
peaks for a director orientation is proportional to the secondbility distribution of the director, which is essentially
Legendre polynomial of the director orientation angle with peaked around 90° at short times<(5 s); it spreads homo-
respect to the magnetic field. Further details of this proce-
dure, which is straightforward since it is based on the Red-
field approximation{12] and allows for the inclusion of in-
homogeneous broadening, are describeldjh0,11. In Fig.
3 we show a set of experimental NMR spectra, for a sample
of diameter 0.75 cm. The whole set of data is referred to a
period of 700 s. The director is initially aligned perpendicu- 674.5
lar to the field; then it starts relaxing, aligning to the mag- g;gg
netic field. The doublet splitting first decreases, going 215
through zero at the magic angle, and then increases progresM i?gg

sively while the director is realigning with the magnetic

field, and finally it is stabilized to a maximum value corre- 62.5
sponding to the aligned configuration. In order to reproduce pp!
correctly the time evolution of the director distribution, and 28.5
of the corresponding NMR spectra, we start by defining a ne
suitable initial distribution which is assumed to be of the 16.0
form [5,11] 13.5
115

$r=0= po+Arsingro+Agsin3qr,, (19 e

7.0

in terms of the largest Fourier components of thermal fluc- Z;
tuations. Herep,=90°, andA,A; are assumed to be small 34
perturbation termsA;<10"3), andq is taken as 5(:m; the 23

ratio A, /A3 has been fixed to 3. These values are based on ¢
rough estimate of the characteristic thermal fluctuations of 0
the director orientation in the polymer. It should be noted
that qualitative changes in the calculated director distribu-
tions can be observed by changing the initial configuration
(19): however, the time scale of the transient director pat- FIG. 3. Experimental NMR spectra for the system defined by
terns predicted by the LE equations is rather independent afie set of parameters in Table Il. The spectra are collected in a
such a choice. In Fig. 4 we present snapshots of the directeange of times going from 0 to 700 s. Data are taken from Réi.

-400 -300 -200 -100 0 100 200 300 400
(Hz)
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¢

FIG. 4. (Color Snapshots of the director patterns obtained for the realignment to the magnetic field of a high viscosity nematic; see Table
Il for the complete parametrization. Only a region corresponding to 0.5 mm in radius is shown. Times are 0, 0.1, 1.2, 2.3, 3.4,(and 4.5 s
11.5, 16, 19, 23, 28.5, and 35.51®; 114.5, 160.5, 221.5, 322.5, 473.5, and 674(6)s

geneously at intermediate times 0<100s), and it is IV. SUMMARY AND CONCLUSIONS

aligned to the magnetic field for longer timet<100s). We have presented in this work an application of nema-
Finally, using the calculated director distributions we cantodynamics equations, in the Leslie-Ericksen formulation, to
calculate the NMR spectra, shown in Fig. 6, to be compareghe interpretation of the reorientation process following the
with the experimental ones shown in Fig. 3. The agreementotation by 90° of a nematic monodomain sample of a lyo-
is rather good, especially since the time scale of the experitropic nematic liquid crystal polymer. The methodology for
ment is reproduced by the simulation in a reasonable waytreating numerically the LE equations in two dimensions that
taking into account also that no fitting procedure was emwas discussed in | has been adapted to the case of highly
ployed. We have simply used the viscoelastic parameters redscous nematicsi.e., with viscosity coefficientsy; of the
ported in Table Il, previously determined from rheo-NMR order of 16— 10° Pa g, in the absence of external mechanical
measurementsll], without further adjustment. forces and in the presence of a strong magnetic field.
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FIG. 5. Distributions of the director, calculated for the times 0.1
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First, by exactly solving the LE equations for increasing
viscosities of a hypothetical nematogen we have shown that
in a reorientation experiment the initial rotation step is
equivalent to a rigid rotation of the director, for viscosities of
the order of 16Pa's and tube diameters of the order of 1 cm.namics theory. However, there are a number of experimental
Next we have assumed that the initially metastable stategbservations, especially pertaining to shear rate dependence
with the director perpendicular to the magnetic field, is per-of viscosity and shear flow experiments in general, per-
turbed by thermal fluctuations, in the form of a periodic bendformed on liquid crystal polymers that still are hardly ex-
distortion along the direction of alignment of the director. plained by the theoretical framework of the LE equations.
Assuming an initial distortion less than 0.001%, we haveMolecular aspects may have to be included in the description
shown by solving the LE equations approximately that thle the director dynamicgl3,14]. Nevertheless, a clearly de-
director field realigns to the magnetic field on increasing thefined treatment of the LE approach can be very useful for
initial distortion amplitude, as was previously predict&d determining the capabﬂme; and limitations of standard
Simulated NMR spectra have been calculated from the dired€0rY- The exact computational tool developed i and

tor distributions at different times, and they have been foundPProximate treatments like the one developed here can be

to compare favorably with available experimental data. NoEMployed satisfactorily in the description of director patterns

attempt at actually fitting calculated NMR spectra to experi—_bOth for the _comprehensmn of t_he general rheolog|ca! behav-
of nematics and for interpreting a number of experimental

mental ones has been made, our purpose here being mair . . . )
to illustrate that(i) the rheological behavior predicted by the " sults, obtained in purely rheological, optical, ESR, and
LE equations for a model nematic liquid crystal polymer is \MR measurements.
in accordance with available nuclear magnetic resonance ex-
periments; andii) an initial aligned configuration of the di-
rector, perturbed by thermal fluctuations, coupled to a purely We acknowledge financial support by the E.C. TMR Con-
deterministic description based on the LE equations, is nearact No. FMRX-CT97-0121. Support has also been provided
essary to predict the correct time evolution of the nematidy the Italian Ministry for Universities and Scientific and
director. Technological ResearcPRIN ex 40%, by the Italian Na-
Nematic liquid crystal polymers, in spite of their intrinsi- tional Research Council through its Centro Studi sugli Stati
cally more complex microscopic dynamics compared toMolecolari and the Committee for Information Science and
“simple” low viscosity nematogens, can still be well de- Technology, and by the Portuguese Praxis XXI Contract No.
scribed qualitatively in the present limit by basic nematody-2/2.1/MAT/380/94.

(Hz)

FIG. 6. Calculated NMR spectra, obtained from the director
distributions illustrated in Fig. 5.
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