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Rotational viscosity, dynamic phenomena, and dielectric properties in a long-chain liquid crystal:
NMR study and theoretical treatment
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The rotational diffusion constanis, andD,, rotational viscosity coefficientg; (i=1,2), the orientational
correlation timeSrhm, and the dielectric permittivities for nematic liquid crystéi_Cs) are investigatedy;
are calculated by a combination of existing statistical-mechanical app(6Mth) and NMR relaxation theory,
both based on a rotational diffusion model. In the rotational diffusion model, it is assumed that the reorienta-
tion of an individual molecule is a stochastic Brownian motion in a certain potential of mean torque. According
to the SMA, y; are found to be a function of temperature, density, rotational diffusion constant for tumbling
motions, and the orientational order parameters. The order parameters and rotational diffusion constant are
obtained from an analysis of NMR measurements. Reasonable agreement between the calculated and experi-
mental values ofy; for 4-n-octyloxy-4'-cyanobiphenyl(80CB) is obtained. The orientational correlation
times, and the longitudinal and transverse components of thgféa) and imaginary{(») (j=I,1) parts
of the complex susceptibility tensor for 80CB molecules in the nematic phase are also obtained.
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[. INTRODUCTION realistic mesogenic molecules, such asn-detyloxy-
4'-cyanobiphenyl(80CB), can be studied in the nematic
Liquid crystals are characterized by a long-range orientaphase.
tional order among mesogenic molecules whose structures In this work, we use information obtained from an analy-
usually consist of a rigid central core to which attached onesis of deuteron spin-lattice relaxation tim@s; and Tiq
or more flexible hydrocarbon chains. It is known that mo-measurements for a chain-deuterated 8QizB-sample
lecular flexibility is crucial in determining the physical prop- which shows a nematicN) and smectic A(SmA) phase
erties of liquid crystaldLCs) [1]. Recent experimental and upon decreasing the temperat(ied. From these relaxation
theoretical studies have shed significant light on the role ofimes, the extraction of the spectral densitibgw,) and
internal degrees of freedom on the NMR observables, nota3,(2w,) is possible, whereso/27 is the Larmor frequency.
bly measurements of deuterium quadrupole splittifigs3] These spectral parameters at different carbon sites allow us
and spin-lattice relaxation tim¢$—8| in mesogens. The the- to separate the internal conformational changes in the mol-
oretical treatment of dynamical processes of flexible mol-ecules from the global molecular reorientations. In particular,
ecules in an anisotropic medium is not an easy {dsk5].  the measured spectral densities of chain deuterons should
This often requires a certain number of simplifying assump-contain dynamical information on reorientation of molecules
tions which may only be justified by comparison between theas well as internal rotations of various carbon-carbon bonds
model predictions and experiments. But there is an additiongh their chains. The reorientation of the molecules in LCs can
avenue which would allow us to further examine the validity be described by the rotational diffusion moge#,15, which
of our models; it is to carry out a statistical-mechanical treatassumes a stochastic Brownian process for molecular reori-
ment of the coupling between macroscopic LC propertie®ntations in which each molecule moves in time as a se-
and molecular structure, and is then followed by compariquence of small angular steps caused by collisions with its
sons of, for example, rotational viscosity and dielectric sussurrounding molecules and under the influence of a potential
ceptibility coefficients with the experimental data. This im- of mean torque set up by these molecules. Each molecule is
plies that the rotational diffusion constants and the set otharacterized by a rotational diffusion tensor whose principal
orientational order parameters can be obtained from NMRelements D,,=D,,=D, ,D,,=D;) are determined in a
measurements of quadrupolar splittings and deuteron Zedrame fixed on the molecule. When dealing with molecules
man (T1z) and quadrupolar T;o) spin-lattice relaxation with internal degrees of freedom, the number of different
times in LCs as a function of temperature. Using these reeonformations in the chain of the molecule can be generated
sults for calculations, in the framework of the statistical- using the rotameric state moddl6]. It is customary to treat
mechanical approachéSMAs) [9-13], the autocorrelation molecular dynamics of flexible molecules using a decoupling
times, rotational viscosity and dielectric properties of anymodel[6,17,1§, in which conformational transitions within
the chain are assumed not to depend on the reorientation of
the entire molecule. The rotational diffusion tensor is as-
*Corresponding author. Electronic address: avz@brandonu.caumed to be the one for an “average” conformer. The model
Permanent address: Saint Petersburg Institute for Machine Scienced|lows us to obtairD, and D, as function of the tempera-
the Russian Academy of Sciences, Saint Petersburg 199178, Russidre.
Electronic address: dong@brandonu.ca On the other hand, in contrast to isotropic liquids, where a
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single rotational viscosity coefficient is sufficient to charac-nuclear spin relaxation. In anisotropic media, the magnetic
terize the flow properties, liquid crystals, and other aniso-4interactions are not averaged to zero. Hence NMR spectral
tropic systems require several such coefficients. A commopatterns will reflect ordering of molecules in such media. In
approach for determination of viscosity coefficients useghis section, a brief description of essential results from a
statistical-mechanical theofp—13,19-2] and is based on deuteron NMR study of 8BOCE8] is given to aid the discus-
the rotational diffusion moddl22]. In such a treatment, the sion of rotational viscosities and dielectric relaxation below.
system is determined by the time-dependent single-particl&€he details in data analysis using the decoupled model for
orientational distribution function(lODF) governed by a the correlated internal motions can be found in R&f. The
Fokker-Planck-type kinetic equation. Recently, we investi-rotational diffusion mode[30,31 is employed to describe
gated[12] the validity of various theories where the rota- small step diffusions of molecules in a potential of mean
tional viscosity coefficients were expressed as certain polytorque. Figure 1 shows a typical deuteron NMR spectrum of
nomials of equilibrium orientational order parameters andBOCB-d,;together with its chemical formula. As seen in this
inversely proportional to the rotational self-diffusion coeffi- figure, each distinct quadrupolar doublet can be assigned to a
cient in the nematic phase. particular methylene deuterons and the smallest splitting
Measurements of the dielectric constants of nematic ligarises from the end methyl deuterons. As 80OCB contains an
uid crystals(NLCs) have been a subject of interest from the alkyloxy chain, it has many distinct chain configurations.
beginning of investigations of these materig28—29, and  Using the additive potential methdd], the observed qua-
continue to do so. The reason why many reports are stiltirupolar splittings were modeled to give the potential of
concerned with the dielectric constants of well-known mate-mean torque experienced by each molecule. As a conse-
rials such as 80CIB24,25 is that the measurements are far quence, the second-rank order parameters of an “average”
from being trivial. The outline of this article is as follows. A conformer were obtained at each temperature. This in turn
brief description of the deuteron NMR study of molecular gives the potential parameteas, anda,, [30] in the second

order and dynamics is given in Sec. Il. The statistical-rank potential of mean torque

mechanical approaches for the rotational viscosity and nu-

merical calculations fory; (i=1,2) are given in Sec. Ill. A U(B,7y) 3 1 3

description of the theory of dielectric relaxation is given in —'=a20(—co§ B—=|+ay \ﬁsinz,g COS 2y,
Sec. IV. Conclusions are summarized in Sec. V keT 2 2 2

(€

Il. DEUTERON NMR STUDY OF MOLECULAR

which is needed to solve the rotational diffusion problem. In
DYNAMICS

addition, order paramete8,, (L=1,2,3...) caneasily
Molecular motions have the effect of modulating the an-be evaluated. Figure 2 summaries these order parameters in

isotropic part of magnetic interactions, producing a randonthe nematic phase of 80CB. Because of correlated internal

time-dependent perturbation which ultimately inducesbond rotations in the flexible alkyloxy chain, a decoupled
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L T frame, whereD, and D, are for rotation of the molecule
07 (a) 1 (b) about its long axis, and for rotation about one of its short
. axes, respectively. The rotational diffusion constants appear
o 06 " 4 1ot . in Eq. (2) through the decay constant&i(nn,)j . Again by
8 . |~ . ¢ modeling the observed spectral densities for carbons 1 to 7 at
g 05 L | e . two different Larmor frequencies, both the rotational diffu-
8 . o sion constants and jump rate constants were obtained. For
S 1o completeness, we reproduce tBe and D, values also in
% 04| 17 1 Fig. 2.
© 0.3+ .
1% . Ill. FORMULAS FOR THE ROTATIONAL VISCOSITY
02| ¢ . J The classical approach to the viscosity of LCs, in the
. 0.1 E . 3 framework of the Ericksen-Leslie theofB2,33, assumes
01ba i ! . ] that the flow properties can be described by six Leslie coef-
: Aa, * I ficients o; (i=1,...,6) which satisfy the Parodi relation
La ] [ " ] [34] ay+ a3=ag— as. Hence only five of the six coeffi-
0.0 | 4] [ ] cientsa; are independent. In the isotropic phaseal] ex-
PR PR PR P T cept a4, equal zero, andy, is the shear viscosity of an
320 330 340 350 320 330 340 350 isotropic liquid. The coefficientsy;=a3;— a, and y,=as
T (K) + a,= ag— as are called the rotational viscosity coefficients

and play a crucial role in a number of applicatiasse, for
example, Ref[23]). They determine, in the absence of hy-
drodynamics flow, the dissipation of energy due to only the
rotation of the directon under the action of external forces.
Recently, statistical-mechanical approachg&s8/1As) for
theoretical treatment of rotational viscosif§—13,19-21
have been proposed. These theories are based on the rota-
tional diffusion model[22]. These approaches rest also on
372 577 the concept of treating of the phenomenological stress tensor

IN(mw)=—5-(qi))2>, > > [34] o as an average of its microscopic equivalenbased

2 nopr k=1 on an appropriate nonequilibrium orientational distribution
function f(u,t) in the formo= [duf(u,t)o, whereu is the
unit vector along the molecular symmetry axis. Under the

FIG. 2. Plots of order parametePs (squares P, (circles and
Ps (triangles (a) and rotational diffusion constani, (circles and
D, (squares(b) as functions of the temperature.

model[1,17,1§ was used to give the spectral densities of
methylene deuterons d@; in 80OCB:

577
2, dol 0&2{'Q>exp[—inww'o]xf”xf”)

X . . ) T
assumption that microscopic molecular motion in the NLC
can be considered as a rotational Brownian motion in an

< external mean potentidl, the following kinetic Fokker
YO i (D 1 (D (K L U, -
X |§1 di ol O, &XH —in" Y o Ix) X0 Planck equation determines the OBF
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whereq{l),=165kHz is the quadrupolar coupling constant, +Vy [fM-u+pf(E-nn)-W-u]=0, ()

631’0 andy)), are the polar angles for t@-D bond of the
conformerl in the molecular frame fixed on the molecular wherekg is the Boltzmann constant, is the temperature
core,\, andx® are the eigenvalues and eigenvectors from: B ’

) - - i 5 is a particle geometric factor usually taken as=(a®
diagonalizing the transition rate matrix, and(,,);j/D.,  —1)/(a®+1), a is the length-to-breadth ratio of the mol-

the decay constants, an@,,,);, the relative weights of ~ecule, ancE is a unit tensor, an¥ andW are the symmetric
the exponentials in the correlation functions, are the eigenand antisymmetric parts of the flow velocity gradient;
values and eigenvectors from diagonalizing the matrix of the= dv;/9x; [19,20. The external mean potential in E@) is
rotational diffusion operatdr30]. In the above equation, the given by Eq.(1) except for simplicity in solving the above
number 577 is the number of distinct conformers available tequation, we have set,,=0. This is justified by the small
the octyloxy chain in 80OCB. The transition rate matrix con-values of molecular biaxiality found for 8OCIB]. Note that
tains three phenomenological jump constdqtsk,, andks  the last two terms of Eq(3) correspond to the molecular
for the so-called one-bond, two-bond, and three-bond moreorientations and the interaction between the low velocity
tions, respectively. The rotation diffusion tensor is charactergradient and the director, respectively. Four combinations of
ized by two principal value®, and D, in the molecular «;, namely,a;, a,+ a3, a4, and as+ ag are connected
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with the symmetric part of the stress tensgf, whereas pkeT -

other twoy,; = a3z— a, andy,= a,+ az with the asymmetric V1= D, &1, )
part of’} [34]. The average of the symmetric part of stress

tensorg®, in according with the Kuzuu-Doi methofd,9] can  where

be calculated exactly without solving the Fokker-Planck

equation, and by just replacing the statistical averaging with gf 35
nonequilibrium distribution function by the expression con- r2=IOT,
taining only the known equilibrium one. As a result, a set of P 5P,+16P,+14

microscopic expressions for the symmetric Leslie coeffi- _

cients can be obtaindgd9]. Thus, the expression for the,, ~ whereP, is the fourth-rank order parameter.

in according with the Kuzuu-DaiKD) method can be writ- An efficient SMA based on the Zubarev nonequilibrium

ten as statistical operatof35] for the calculation ofy; in the un-
iaxial NLC was proposed by NemtsdiO] and Zakharov

keT, — [9]. The essence of this approach is that not only the auto-
Y2= D, PP, 4 correlation of the microscopic stress tensor is considered as
in Ref. [20], but also additional correlations of the stress
wherep=N/V is the number density of molecules. tensors with the director and fluxes with the order parameter

On the other hand, a separate calculationypfrequires  tensor are also taken into account. Calculations of these cor-
the averaging of the antisymmetric part of the microscopioelations in the NLC show that they give significant contri-
stress tensofg®= [duf(u,t)o®. This can be done using an butions to the viscosity coefficien{9,10]. It is so because
appropriate nonequilibrium ODF, determined by solving Eq.there are interactions between the hydrodynamical flow of
(3). In case of small velocity gradient, one can wiiite the  the fluid and the molecular orientations. As resujtscan be
form f=1f,(1+h), wheref,=fq(n-u)="fy(cosp) is the lo- found to be dependent on the temperature, density and a
cal equilibrium ODF and depends only on the polar angle certain polynomials 052 as
between the director and the molecular symmetry axis, and

the stationary correctioh kgT
’ n=pLte?, ®)
h=gonn:M +g;neW+g,neM +gzeeM, (5) +
where

wheree is the unit vector perpendicular to the directgprare
scalar functions dependent only on the polar amgylé/e use NZ 954+ 2 77,
the invariant multiple dot convention inn:M=n;n;Mj;, L ' 02 _
where the convention of summing over repeated Cartesian 5% 2.88+52+ 12.563§+4.693§—0.745§

indices is used.

According to the analysis based on the statistical-Thus, according to Eq€4), (7), and (8), y; (i=1,2) are
mechanical averaging of the microscopic stress tengor, found to be inversely proportional to the rotational diffusion
can be rewritten in the forrfil9,20) constantD, in nematic liquid crystals.

U The temperature dependences of the rotational viscosity
m . coefficients for 80CB are shown in Fig. 3. The experimental
Y= fo fO(COSﬁ)@gl(’B)Sln’Bdﬁ' ® values were obtained by using the th?ee Miesowigz and two
Leslie coefficients ¢5,ag) Which were determined by direct
A particular form ofg,(3) should be provided by the solu- measurementg36] in the temperature range corresponding
tion of the orientational Fokker-Planck equatifiag. (3)],  to the nematic phase. The densjyof 80CB is equal to
which governs the Brownian motion of a particle in the 1.8X10**m™3. The KD, NZ, and Fiatkowski models were
“flowing” anisotropic medium. In the stationary case, Eq. employed to estimate the theoretical values. Using E)s.

(3) can be transformed to linear, nonhomogeneous differen¢7), and (8) together with the paramete, and P, (L
tial equations of second order for the functigf(8) [13,21.  =1,2) determined from the NMR measurements, we ob-
The general solutiog,(B) for Eqg. (3) can be obtained by a tained the viscosity values in close agreement with experi-
numerical method, for example, using the second-ordefent.
Runge-Kutta methofi13].

Recently, a general method for calculations of the viscos-
ity coefficients in biaxial NLC, based on the change in the
Helmholtz free energy caused by the shear flow was pro-
posed by Fialkowskj11]. The appropriate kinetic equation Rotational dynamics of molecules in an anisotropic phase
is also written in the approximation of the low velocity gra- can be described by the small step diffusion model
dient field, which rotates each molecule with a certain aver{15,30,38. In general, however, the rotational motion of an
age angular velocity. In the limiting case of vanishing biaxialuniaxial molecule in a nematic phase is conveniently charac-
order, the system becomes uniaxial and the expressiopfor terized using the orientational time correlation function
can be rewritten in the form (TCF):

IV. ORIENTATIONAL CORRELATION TIMES
AND DIELECTRIC PROPERTIES
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s T TABLE I. The orientational time correlations,, for 80CB
= 0.04 v i molecules in the nematic phase.
& v X . T (K) 340 345 350
~ vy v v
> 0.02 v . TodNS 30.4 19.5 121
o A Y
= v ] 54 NS 1.68 1.52 1.36
% 0.00 I 4 /NS 2.37 2.27 2.22
§ . /ps 82.3 56 38.4
@ow- a " . o 20 18.11 12.83 8.9
(&) : ] m]
8 -
>
- ]
g L . ° i 1 L 2
g o T =CpD, +n%(D;=D)), (1D
E o Tmn
v
-0.06 | i where the coefficients ,, which depend o, andP,, are
tabulated in Refd.37—39. We note that theg, 71, andrs,
1 L 1 L 1 L 1

are solely determined by the tumbling motion

340 344 348 352
T (K) 1 2P, 1
FIG. 3. Temperature dependenceyof(i = 1,2) at fixed density, o0~ | D1 AR (12)
calculated using Eq(4) (vy», open squares Eq. (7) (y4, open 2
down triangley Eq. (8) (y,, open up triangleés and measured o
valuesy; (solid triangle$ and y, (solid squares respectively. L 2+P,
710~ € — ’ (13)
O ()= (D[ 2(0)IDRLQ(D]), 9) 1=P,
— _ -1
where D} (Q) is the Wigner rotational matrix element of 2 7+5P,—12P,
rank L, and Q= («a,B,7y) is a set of time-dependent Euler 700~ 6Di7+105 180, 3502| (14
angles, which define the orientation of the molecular axis 2+ 18p, P2
system relative to the director frame. The projection inaex 1 .
is related to the director coordinate system, whereas moleCL‘f\-’hG"re"’lsT01 depend orD, andD, according to
lar properties are dictated by the projection indeRifferent 4
spectroscopic methods provide correlation functions with 1 1+2P,
different rank values of.. First rank _=1) TCFs are rel- 701~ DH“LDLﬁ (19
—F2

evant for infrared and dielectric spectroscopies, while TCFs
with L=2 appear in the expressions for nuclear spin relax- its for the i lati 11 4.2
ation rates and Raman band shapes. The initial values of tH&esults for the time corre ationsy, 1o 7o, and g, are

TCFs(DL*[Q(0)]DL, [Q(t)]) can be expressed in terms of 9VeN in Table I. We also presented in T_ablell the \galues of
the orientational order parametd0]. Notice that the first 1€ Well known ratio between the correlation timeg/ 5o It

. . should be noted that in the case of an isotropic liquid
rank TCFs at=0 depend orP, only, while for the second 7o) To5= 3. Having obtained a set of the correlation times

rank correlation function thPZ and P, are requ|red.. 7. it is now possible to describe the dielectric relaxation
In general, the correlation functions may be written a

o . . zProcesses in the nematic phase of the 80CB.
infinite sums of decaying exponentials. Here, we employ The complex dielectric permittivity tensore;, ()
single exponential approximatidd,15] to give 1k

=€/ (w) —i € (w) have been measured in a wide frequency
range[ 23], and show Debye type of relaxation at microwave
q)hm(t):q)lr_nn(w) +[q)r|;m(0)_q,hm(w)]ex _ %) _ frequencies /27~ 1010 Hz). For the uniaxial NL'CS, in
the laboratory coordinate systeYZ where theZ axis co-
(10 incides with the directiom, there are only two independent
components of the tenseat,(w), one perpendiculag, ()
In order to determine molecular reorientations, we need & eyy(w)= eyv(w), and the other paralle (w) = €;7(w) to
model to give the correlation timeg, , in terms of rotational  the directom. In the case that the intermolecular correlations
diffusion constant$37-41]. Based on the short time expan- are ignored, one can write the expression for the components
sion of the TCFs, an expression for the correlation times wasf the normalized complex susceptibility tengg() in the
proposed: form [42]

mn
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E]' w)—ejx i > .
Xj(w)=~—=c,-(0)—|wf Ci(exp —iwt)dt
Rj(w) 0
=Cj(0)—iwC(iw),

where j=(L,1l), ﬁl(w) = (4mu’plkgT) Rj(w), and Rj(w)
are the frequency dependent factors of the internal figld,

are the high frequency limits of the components of the tensor

€i(w). Here Cj(t) and (~3j(iw) are the components of the

tensor dipole autocorrelation function and their Fourier trans-

formations, respectively, and may be represente@4ay

Ci(t) = (A0 o A1) = DI(1), (16)

ci<t>:<nxx<omxx<t>>=<uyy<omyy(t>>=<bio(t>,(17)

where <I>ilo(t) (i=0,1) are the first-rank time correlation

functions,u ,, are the projections of the dipole moment vec-

tor u on the laboratory axig (¢=X,y,z).
Using Eqgs.(16),(17) with functions

t )
B
700

q)éo(t):q)éo(o)eXF(

and

0.8

0.6

0.4

Xy (@)

0.2

0.0}

10
log, ()

FIG. 4. The real and imaginary parts of the longitudinal suscep-

tibility xj(w)=x,(w)—ix|(w) calculated using Eq20) at three
values of the temperatuf@ = 340 (solid lineg; 345 (dashed dotted
linesg); 350 K (dotted lines], where w/27 is in Hz. Upper curves
correspond toy; (w), whereas lower ones correspond (o),
respectively.
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B exp — 1|
T10 710

we may derive the expressions for the components of the
tensory;(w) interpreted in the framework of the Brownian
motion of a particle in a mean-field potentld( 38) as

1-P,

<I>10<t>=<1>io(0>exp( 3

(19

2
, - i . Y1
xi(@) = xi (@) ~ixi(w) = ed0)) 1= 57— =,
(20)
wherey, = w13, and
;i Y
o _aon — 1 _ i<
X (w)=x (w)—ix](w) CI)lO(O){l 1+y§ I1+y2,
(21

where y,= w1, The relaxation timesr, and ®/,(0) (i
=0,1) are calculated using Eg&l2), (13), (18), and (19).
The values ofP, andD, are again those obtained from our
NMR measurements for 80OCB in the temperature range cor-
responding to the nematic phase.

The results of the calculations of the longitudial dielectric
dispersiony; () and absorptiory|/ () for 80OCB molecules
at a number of temperature¥ € 340,345,350 K) are shown
in Fig. 4. The results for the transverse dielectric dispersion
X! (w) and absorptiory (w) for the same thermodynamics
conditions are shown in Fig. 5. The longitudinal dielectric
loss spectray| (w) show magnitudes which decrease with

0.20

0.16

.12}

= 0.08}

0.04}

0.00}

10
log, ()

FIG. 5. The real and imaginary parts of the transverse suscepti-
bility x, (0)= x| (w)—ix| (o) calculated using Eq21) at three
values of the temperatuf@ =350 (solid lineg; 345 (dashed dotted
lines); 340 K (dotted line$], where w/27 is in Hz. Upper curves
correspond toy| (w), whereas lower ones correspond 6(w),
respectively.
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the growth of the temperature, and have one loss peak whiamean field approximation as was pointed out by the Gennes
shifts to the higher frequency region upon increasing theand Pros{34].
temperature. The magnitudes of the transverse dielectric loss We have also calculated the values of various orienta-
spectray/ (w), on the contrary, increase with increasing thetional correlation times3,, 71, 75, andra, for 8OCB mol-
temperature, and its loss peak remains at the same frequenegules at a number of temperatures. In addition to these cor-
of ~1.99x 10° MHz. relation times, we have obtained values of the longitudinal
and transverse components of the repland imaginaryyj
V. CONCLUSION part of the complex susceptibility tensor for 80OCB mol-
. ) . . o ecules. We found that the components of the loss spectra are

In this paper, we investigate the rotational diffusion con-characterized by the low frequency peaks and shoulders,
stantsD; (j=II,1) and rotational viscosity coefficients;  poth shifted to the high frequency region upon increasing the
(i=1,2) in the nematic phase of 80CB, are investigated (emperature, and effectively described by the Debye type
by a combination of existing statistical-mechanical ap-mechanism with corresponding relaxation times. Thus the
proaches and the existing NMR relaxation theory, both basegd, mpination of the NMR relaxation techniques and statistical
on a rotational diffusion model. In the rotational diffusion ,echanics theories provides a powerful tool for investiga-
model, it is assumed that the reorientation of an individuakjons of hoth the rotational and dielectric properties of real
molecule is a stochastic Brownian motion in a certain poteny,ematics. We believe that this paper shows not only some
tial of mean torque. According to Eqgt), (7) and(8), v are  seful routes for estimating the rotational viscosities, but also
found to be proportional to a function &, (L=1,2), den- analyzing the dielectric properties. Furthermore, the rota-
sity, and inversely proportional 0, , which corresponds to tional diffusion constant for molecular tumblings in the de-
the molecular tumbling in the nematic phase. It should besoupled model for the chain dynamics seems to produce rea-
pointed out that the FiatkowsKEq. (7)] and NZ[Eqg. (8)]  sonable values of; and y,, lending support to the NMR
theories exhibit different dependences on the order parantrelaxation model.
eters as manifested in the factgr and¢)'“. This difference
originates in the averaging procedures applied to the balance
equations. In the high-temperature limit, i.e., close to the
clearing point, both theories predict tha1~5§. Such be- We acknowledge the financial support of the Natural Sci-
havior of the rotational viscosity is in agreement with theences and Engineering Council of Canada.
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