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Deuteron spin-spin relaxation study of second-order director fluctuations in the nematogen 5CB
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We report on a study of deuteron spin-spin relaxation tinieg @t 46 MHz in the perdeuterated liquid
crystal 4n-pentyl-cyanobipheny{5CB). By combining with previously measured deuteron spin-lattice relax-
ation rates, we have derived the spectral densities of mad{(®),J,(wg), andJ,(2w,) for various carbon
sites of 5CB. In our global target analysis of all the spectral density data, a model that relies on molecular
reorientations, internal rotations in the flexible chain, and director fluctuations as relaxation mechanisms is
used. We found that director fluctuations make an insignificant contributidg(te,) because 5CB has a high
cutoff frequency smaller than our Larmor frequencies, but make a nonzero contribufigf®jo According to
the theory, director fluctuations can only affdg{0) via a second-order contribution. Oty data seem to be
consistent with the prediction of the director fluctuation theory. Model parameters that include rotational
diffusion constants, internal jump constants, and the prefdciirdirector fluctuations have been determined
as a function of temperaturfS1063-651X98)13204-X]

PACS numbd(s): 61.30—v

I. INTRODUCTION unless one also includes second-order director fluctuations.
Therefore, director fluctuations make contributions to all
It is well known that director fluctuatior]4—3] can be an  spectral densities when the small angle approximation is re-
important source of nuclear spin relaxation in liquid crystals.moved. When the high cutoff frequency is of the order of a
Deuterium nuclear magnetic resonan@®MR) has been few MHz, director fluctuations become ineffective for spin
used to examine both solvent and solute spins in liquid crysrelaxation in the MHz regime. In the present study, we show
tals [4]. The detection of director fluctuations of solvent that 5CB has a high cutoff frequency of the order of 1 MHz.
spins by deuteron spin-lattice relaxation measurements dt our Larmor frequencies, the complication of a small cross
conventional NMR frequencies has niét7] with limited  term [19,2Q between molecular motions and director fluc-
success. Indeed, NMR field-cycling techniqi8kare useful  tuations will be ignored.
in studying director fluctuations in the kilohertz region. Besides director fluctuations, molecular motions and in-
However, we have recently demonstraf€d that the deu- ternal bond rotations also play a role in relaxing the deuteron
teron spin-spin relaxation timélg) measurement in a liquid spin. Here Nordio’s moddl21] is used to describe the mo-
crystal can detect higher-order director fluctuations at a starlecular reorientation and a decoupled mof&d] to describe
dard high field. The liquid crystal A-pentyl-cyanobiphenyl correlated internal rotations in the flexible chain of 5CB.
(5CB) has been studied using NMR by several researclBoth these models have been used to interpret the spin-lattice
groups[10—-13 and is chosen in the present study since itsrelaxation timesT;; and T, of several liquid crystals in-
deuteron spin-lattice relaxation rates measured in the MHzluding 5CB[11]. A global target approadi23] has recently
region have been founfil1] to be unaffected by director been applied to analyze the spin relaxation &4 of a
fluctuations. In this paper, we use a model that includediquid crystal. By analyzing the data at all temperatures and
second-order director fluctuations, molecular reorientationgjifferent frequencies, one can obtain more reliable target
and internal bond rotations, to quantitatively explain TsRe model parameters. In the present work, we adopt the same
data of 5CB. approach to analyze both the spin-spin and spin-lattice relax-
The director fluctuation mode spectrum depends on mangtion data of 5CB. The paper is organized as follows. In Sec.
factors such as the viscoelastic constants of the medium, mdl, the experimental method is given. The basic theory
lecular length, domain size, temperature, and the degree oieeded to interpret the experiments is given in Sec. lll. The
ordering in the sample. In the small angl® (@pproximation, last section contains results and discussion.
director fluctuations contributgl] a frequency term to the
spectral densi_tyl(w)_, and have zero contribu_tions J3(w) Il. EXPERIMENTAL METHOD
andJ,(2w). Since director fluctuations must involve collec-
tive motions of many molecules, the mode spectrum has a The nematic liquid crystal 4-pentyl-dy;-4'-
high cutoff frequency[14] that depends on sample proper- cyanobiphenyl-d (5CB-d;5) is the one used in our previous
ties. To explain the observed frequency dependendg for T, study[11]. The sample has a clearing temperaturg) (of
strongly ordered solutes in liquid crystals, second-order di35.3 °C. A home-built superheterodyne coherent pulse NMR
rector fluctuations ¢ 6°) have been consider¢i5—17. The  spectrometer was operated for deuterons at the Larmor fre-
calculated frequency dependence Jn was generally too quency of 46 MHz using an Oxfdr7 T superconducting
small. Recently Joghems and van der Z\j&8] argued that magnet. The sample director was aligned along the magnetic
there is an overestimation of director fluctuationsJirfw) field. A quadrupolar echo pulse traig5],
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25 T l - were estimated to be: 10%. To determiney(0) from Eg.
(1), previously measured, andJ, values at 46 MHZ11]
were used. It is noted that previods; and T, could be
20| e | reproduced within experimental errors in the same sample
., LR and the temperatures of the sample for Theand T, mea-
- surements were calibrated using the quadrupolar splittings as
* {'o’{ { an internal standard. Because of experimental uncertainties
in J4, J,, and T, values, the derived,(0) values tend to
have larger errors.

T, (ms)

g ) 1 Ill. THEORY
et -

sl . -~ e fluctuations. When fluctuations in the orientation of director
r{” * include terms up to second order §2), all spectral densities
Jo(0), Ji(wg), and J,(2wy) have nonzero contributions
[15-18. For theith deuterons, which reside on the rigid part
15 20 25 30 35 of a molecule(assume uniaxial when treating director fluc-
tuations, the spectral densitiek, andJ, are given by[16]

E’"{ L " We first outline the spin relaxation thedry,2] of director
¢

t(°c)

FIG. 1. Experimental spin-spin relaxation times vs the tempera- Ibe( @) = Jpe @) /3= ﬁKg)AZSS[dgo('B“I),Q)]Z

ture in the nematic phase of 5CB. The circles, upward triangles,
downward triangles and diamonds denote data f@m C,, Cs, XIN[1+ (we/w)?], (2)
andC,, respectively. The dashed lines are drawn to aid the eye.

where KQ=(:’>7-r2/2)(qCD)2 with gcp being the quadrupolar
90,-7-90,-(27-90,) -, with an eight-step phase cycling coupling constantg’qQ/h), andBy o is the angle between
scheme was used to meas(rg Typical 90° pulse length the G—D bond and the moleculas, axis. The high cutoff
was about 4us. Pulse control and signal collection were frequencyw. is given in terms of the cutoff wave vectqg
done using a General Electric 1280 minicomputer. Free inby we=KgZ/ 7 whereK is the average elastic constant and
duction decay$FIDs) after the last 90° pulse for different  the average viscositys, is the nematic order parameter of
were recorded with quadrature detection and then fast Fouhe molecule relative to the local director, and is related to
rier transformed to obtain deuterium spectra. At 46 MHz,the usual nematic order parame{ér,) according td27]
FID signals were averaged over 8 scans with a repetition
time 400 ms or longer. The sample temperature in the NMR So=(P2)/(1-3a), ©)
probe was regulated by an air flow v_wth a Bruker B.ST'looowhere the parameterr=kTq/272K is a measure of the
temperature controller. Sample heating due to multiple pulse tude of director fluctuations. A tvpicalvalue derived
sequences was minimak(.5°). EachT, experiment con- ;nagmt(tjj € ot director TUC uad_o s- Alypica ?ue enve
sisted of 32 different (e.g.,n=1,3,6,9...,96) values. A fom deuteron NMR studies is~0.04 for MBBA

. . -methoxybenzyliden@-n-butylaniling and ~0.1 for
lot of the peak intensity of a quadrupolar doublet versus(p me . .
gm was uSed o deter?/niné’z. thmadpet al. [26] have 40.8[28]. A is the standard prefact$®] for director fluc-

shown that the measurdd, depended on the pulse spacing tuations

7. Two limiting cases could be considered. When the pulse 3KT

spacingr<1/vg with 2vo=Av being the quadrupolar split- A= (9IK3)Y2=3 70/ \Bw,. (4
ting of the deuteron in question, the deuteron spin relaxed as 427

if the splitting was absent. This limit was not feasible experi- ) 0 . )

mentally because of rather large quadrupolar splittings ifNOW EQ. (2) gives aJype(w) expression, which unfortu-
liquid crystals and overheating of the sample by the rf pulsdhately diverges a&—0. To remove the divergence, a low
train. At the other limit ¢>1/v), the two lines of the dou- Ccutoff frequency is required19]. However, this does not
blet relaxed independently to give the spin-spin relaxatior!ve an analytical expression. A less exact procedure is used

rateR,= (T,) "% [16] to obtain the following expression for the limift—0:
R,=330(0)+ 33, (wg) + Jx(2wy), 1 - : : 1 [1+(w./w)?
2= 2J90(0) +3J4( 0) 2( 0) () JSI)DF(“)):Kg)AZS%[d(%O(IBF\}I),Q)]Z_ln c -,
T \1+(w/w)

where wo/27 is the Larmor frequency. Due to the smaller (5)
qguadrupolar splittings of the methyl and ring deuterons, we

only measured’, for the methylene deuterons of the pentyl where the frequency, may be estimated in the presence of
chain. The pulse spacingwas set at 16Qus to satisfy the the magnetic field, i.eq,=K/7&? and the magnetic coher-
7>1/vq condition for all the deuterons under stuttp in-  ence length¢é=(uoK/AxB?)Y? with Ay being the aniso-
clude ring deuterons would need a largjeand cause drops tropic part of the molecular diamagnetic susceptibility. Now
in echo intensities TheseT, values are shown as a function the spectral densityl;(w) due to director fluctuations is
of temperature in Fig. 1. The errors in oliy measurements given by[18]



4318 RONALD Y. DONG 57

J(liE,F(w)=Kg)Aﬁ[dSO(BS,)Q)]Z(l—4a)U(wC/w)/w”2, ~ To describe the reorientation of an asymmetric molecule

’ (6)  in an uniaxial medium, one must find the conditional prob-

ability for the molecule to take a certain orientation given at

where the cutoff functiof19] U(x), time zero it has a different orientation. This is done by solv-
ing a rotational diffusion equation. The symmetrized rota-

X—2x+1 -, tional diffusion operatof29] T is given in terms of an asym-
U(X)_ +\/—x+1 ;[tan (V2x-1) metry parameter of the rotational diffusion tensoe (D,
—Dy)/(Dy+Dy), and n=D,/p where p=(D,+D,)/2;
+tan 1(\2 \/—4_ 1)] (7) Dy.Dy andD, are the principal elements of a rotational dif-

fusion tensor, defined in a molecular frame fixed on the mol-

is to limit coherent modes in the director fluctuation spec-ecule. In the case of flexible molecules, the rotational diffu-
trum by a high cutoff frequency. The factdi—4«) is  sion tensor refers to the motion of an “average” conformer
needed when second-order director fluctuations are taken iwmhosee is set to zero in the present study. In other words,
account. For 5CBU(x) is close to zero at our Larmor fre- the 81 different conformationéne allow the first dihedral
quencieg46 and 15.3 MHzwhen a high cutoff frequency of angle in the pentyl chain to sample all three rotameric states
1 MHz is used. of 5CB are assumed to share the same rotational diffusion

For C—D bonds located in a flexible chain, the effect of constants and the “average” conformer to have a uniaxial
director fluctuations is made smaller due to additional averdiffusion tensof21]. The molecular frame is takdd 1] with
aging by rapid conformational changes within the chainits molecularzy, along the ring para axes. In general, the
Thus the geometric factor in Eq&), (5), and(6) must in-  orientational correlation functions can be written as a sum of
volve an additional conformational average and togethedecaying exponential1,29:
with (P,) can be replaced5,28] by the segmental order
parameterScp (or in terms of the quadrupolar splittingf
theith deuterons. Thus, director fluctuations contribute to the GZ (=2 (B2 kexd (k] (11)
chain deuterons according to K

wherem andn(n”) represent the projection indices of a rank
2 tensor in the laboratory and molecular frames, respectively;
(afnnn,),(/p, the decay constants, are the eigenvalues of the

2 2 1

) 3 A )
Jgbe @) = ——(aeh)* ——— (Sep)*—

. 1+ (w/w)?
(1-3a)? ™

1+ (wy/w)?
(8)  T'matrix and (82, )k, the relative weights of the exponen-
tials, are the corresponding eigenvectors.

' 352 A . The spectral densities for a deuteron residing on the rigid
I )= T(qgg)Z—z(g&)Z part of a uniaxial moleculen(=n") are the Fourier transform
(1-3a) of the time correlation functionsr{=0,1, or 2 to give
X (1—4a)U(wc/w)o, 9)
3 2 2 2
Imr(Mw) = ——(dep)* 2 [d]o(Bm.o)]
2 2 2 n
Ihe(20)= 0l (S5
2 (1-3a)? 37 oS Brndk(@mnn 12
X IN[1+ (wg/2w)2]. (10) K (ahn)g+mPo?

It is noted that in all these equations, the contributions fromwhere the subscrigR is used to denote the molecular rota-
director fluctuations td,, J;, andJ, are all related to the tion. For the ring deuterons, the above equation must be
high cutoff frequencyw.. For the molecule 5CB, only Eq. modified to include internal ring rotatio80] (with a rota-

(8) is relevant in our calculations. To minimize the total tional diffusion constanDg) about its para axis angcp =
number of model parameters in fitting the spectral densityi85 kHz. The ring rotation is treated in the strong collision
data, only the prefactoA (or «) is used as an adjustable limit. For the deuterons in the chain, a decoupled m¢22]
parameter to determine the strength of director fluctuationss used to describe correlated internal rotations in the flexible
in the present study. pentyl chain. The spectral densities can be writtefi2as

81

(i) 372 2
I (Me) = ——(qdH) 2> >
2 n k=1

81

2
> a2y Bugexd —inapLIxUx¥| > (BAa k[ (@2 ok + N
I=1 !

K [(hndk+ N1+ mPe?

/ N (13

81

)20 P2) 2

81

2 A2y B XD
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FIG. 2. Experimentalsymbol$ and fitted(lines) spectral den- FIG. 3. Experimental(symbols and fitted(lines) spectral den-

sities of 5CB-d5. (a) and(b) are forC;, andC,, respectively. The ~Sities of SCB-ds. (a), and(b) are forCs, andC,, respectively. The
open circles denote the spectral densitlgd), theopen triangles  legends are the same as those in Fig. 2.
and diamonds denot&, (wg), while the closed triangles and dia-

monds denotel,(2wg). The triangles represent the data at 15.3 petween 14° and 32 °C are reproduced here.JIﬁﬁ(aO) for
MHz, while the diamonds represent data at 46 MHz. Solid and longpe methylene deuterons € 1-4) are derived from Eq(1)
dashed_ lines denote fitted spectral densities at 15.3 and 46 MHz4 shown also in Figs. 2 and 3. The earlier analysis of
respectively. Bothl, andJ, data were reproduced from RéL1]. quadrupolar splitting$11] using internal energiek,=3.8
W _ 0! 0! kd/mol andEy,y = O kJ/mol gave the potential of mean
whereqcp = 165 kHz, By and ayi,q are the polar angles a6 (. A.=X./X,) and order parametersR,) and
of the G—D bond of the conformet in the molecular g _ S,y) used in our current analysis. As noted before the
frame,\ andx(® are the eigenvalues and eigenvectors fromaverage conformer of 5CB is essentially uniaxial because of
diagonalizing a symmetrized transition rate matrix. The ratéts small S, ,— S,y values ¢-0.006. However, the order pa-
matrix describing conformational changes in the pentyl chairameter tensor allows us to adopt a biaxial orienting potential
has the dimension of 8k 81, and contains jump constants (specified bya,y,a,,) for solving the rotational diffusion
K1, ko, andk; for one-, two- and three-bond motiof@2] in  equation in the manner described by Tarroni and Zannoni
the chain. Finally, the spectral densities for ttie deuterons  [29] [despite the fact that=n’ was used in Eqs(12) and
are calculated from (13)]. To increase the number of measured spectral densities
0 0 in our fitting procedure, we have chosen to simultaneously
I (w)=Jir(@), (149 treat the spectral density){ andJ, of ring C, and methyl-
_ _ ene G (i=1-4 deuterons, and, of the methylene deuter-
IP(20)=I5%(2w), (15  ong data at five different temperatures in the nematic phase
_ _ _ of 5CB. We do not consider the methyl group because of the
J5(0)=J35%(0)+ IGLH0), (16)  complication from its fast threefold rotatii81]. This so-
called global target analysis takes advantage of the fact that
wherei =0, 1, 2, 3, and 4 withh=0 denoting the ring site. It target parameters of the model vary smoothly with tempera-
is noted that for 5CB, director fluctuations do not contributeture. The method, however, requires assuntorgknowing
to J; andJ, in Egs.(14) and(15). Using Eqs.(8), (12), and the temperature dependences of the model parameters.
(13) in the above equations, the 7 model parametergherefore, individual target analysise., fitting experimen-
(D4, D,, Dg, ki, ky, ks, andA) can be varied to fit tal spectral densities at a single tempergtureist first be
the 24 experimental spectral densities at each temperatureperformed to get an idea on the temperature relations of these
model parameters. Smoothed lines of data were used to ob-
IV. RESULTS AND DISCUSSION tain thed"®®?{(0), 37" w,) andI$P(2w,) values at the
A . chosen temperatures. An optimization routi8g] (AMOEBA)
The spectral densities{’(wo) and J§(2wo) for the s used to minimize the sum squared erfor
chain carboni( = 1-5 and ring {=0) deuterons at 15.3
and 46 MHz are reproducddl] in Figs. 2—4. Since th&,
measurements are limited in the temperature range and those _ (i)cal _q(i)exp 2
obtained close to th&, appear to be particularly sensitive to - Ek: @0 Z zm: LI mao) =P mao) I,
experimental errors, only spectral densities from Thedata a7
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100 T - - - sion constants and jump constdatcan be assumed to fol-
low simple Arrhenius-type relations, giving
“n D,=D%exp(—E_YRT), (19)
\ .
D D,=D%exp( —E_%RT), (20)
= Dr=Dgex ~ECYRT), (21)
n 10} 1
C _ 10 k3
) ks=kzexp(—E_°/RT), (22
©
— I R where the pre-exponentiaB®, D2, D%, andk3, and their
v v
° v corresponding activation energing, EEZ, EER, and E';3
—+ o o .
O So 4 are global parameters. When such a relation cannot be as-
O sumed for a target parameter likg, k, and the prefactoA,
% it is still possible to introduce an interpolating relation link-
1 r v v v B . . .
M S IR 2 ing its values at various temperatures. s k,, andA are
weakly temperature dependent, we model them by linear re-
- : - " lations
15 20 25 30
fe} kl:ki_ ,l,(T_Tmin)a (23)
t < C) ! n
k=K +Ko(T=Tmin), (24
FIG. 4. Experimentalsymbolg and fitted(lines) spectral den-
sities of G,, and experimental spectral density 0k in 5CB-d;s. A=A"—A"(T—Tmin), (25

The open symbols denoflg(w,), while the closed symbols denote
Jo(2wo). The upward triangles represent thg @ata at 15.3 MHz, Where the temperatuigy, is the lowest temperature used in
while the diamonds represent its data at 46 MHz. The downwardur global analysis, an#;, k7, k;, k3, A’, and A" are
triangles represent th€s data at 15.3 MHz, while the squares global parameters. Therefore, E¢59)—(25) allow us to find
represent its data at 46 MHz. Solid and long dashed lines denotgll the target parameters at different temperatures. Now the
fitted spectral densities fo€, at 15.3 and 46 MHz, respectively. 14 global parameters are optimized by fitting a total of 120
The experimental data were reproduced from Ref]. spectral densitiefrom 5 temperaturgdor a givenw, value.

For convenience, the diffusion and jump rate preexponentials
where the sunk is over the five different temperatures, and are not used as global parameters. Rather 8@-(22) are
m = 0, 1, or 2 except for the ring deuteroms,= 1 or 2. The  rewritten in terms of the activation energies and the diffusion
fitting quality Q is given by the percentage mean squaredand jump constant®, ,D.,Dg.k; at 287.3 K T in). To-

deviation, gether withk, ,k,, andA at 287.3 K, and temperature coef-
ficients k7, k3, and A” form the set of global parameters
Fx 100 used in our minimization. Initial model parameters at the
Q= %. (18) T, were first obtained by an individual target analysis.
; > . >[IV M) ]2 We assume for simplicity thab,, is constant in the nem-
wg I m

atic phase of 5CB. The assumption is probably good because
of the narrow temperature range studied here. Several high
Minimizing F tends to emphasize spectral densities of largecutoff frequency values, between 1 and 20 MHz, were tested;
valuesli.e., JS)(O)] and tomake the fits taJ; andJ, pro-  theQ values continued to improve as the value of high cutoff
gressively worse for deuterons near the end of the chairfrequency was reduced to 1 MHz. In these tests, director
Since this study focuses on tfig data, the bias toward},  fluctuations and the cross term were considered iand/or

is perhaps justified. Over the narrow temperature range stud-, unlessw /27 was less than a few MHz. It is indeed dif-
ied here, we found that the temperature behaviors of diffuficult in this study to choose a proper value for the high

TABLE I. Motional parameters derived from a global analysis of spectral densities ugi2gr = 1
MHz and w,/27 = 98 Hz.k, was found to be nearly constaf#6.99x 10'* s~1) at these temperatures.

T (K) kg (10°°s™Y) ks (102 s™Y) D, (100 s71) D, (10° s%) Dg (10° s71) A (10°° s*?

303.3 0.96 9.29 6.29 1.50 1.48 2.45
299.3 4.49 7.06 5.16 1.20 1.38 2.40
2953 8.02 5.32 4.22 0.95 1.29 2.44
2013 11.55 3.98 3.42 0.75 1.20 2.52
287.3 15.08 2.95 2.76 0.58 1.12 250.23
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TABLE II. Calculated spectral densitiesn s™1) for C;-C, systematic deviations between the experimental and fitted
deuterons due to director fluctuations and molecular reorientation a§pectral densities, especiallf () andJ{)(2w) at 46 MHz

2953 K. fori = 3 or 4. Using typical valueE35] of K = 6.8 x 10712

o N and 7=6.3x10 2 Pas,A=1x10° s'? is calculated
Ci Jor(0) Joor(0) 35%(w) from Eq. (4) at 300 K. Thus, the derived (Table |) values
C, 32.8 78.0 130.3 appear to be close to the theoretical value. It is notedAhat
C, 17.0 37.7 62.2 is almost independent of the temperature and its error bar is
Cs 16.0 42.9 53.5 indicated in Table I. The error bar fob? is given by
C., 6.7 19.7 315 (1.1-3.0x10* s~ 1, while that of Dg is (1.53-7.0)

X 10'® s, Similarly, DY varies from 1. 10** s~ * to 4.85
o X 10 s71, andk3 varies from 1.35x 107 s~ * to 1.0x 10%*
cutoff_ frequency. However, in asm_ular study of MBHR8] 51 (2504 increase iF) and E§3 varies between 56.2 and
the high cutoff frequency was estimated to be 10 Mldz 44 5 | 3/mol(25% increase irF). Now k, is found to be
lower) with a Q factor of about 1%. We note also that a nearly constant and equal to 6:020' s~. The fits are
recent proton NMR St%‘dm of 5CB has suggested t_hat the very insensitive to highek, values and its lower error limit
high cutoff frequency is of the order of 1 kHz. We think that is 3.0< 1011 s~ 1. The error bar fok! is given between 1.13
5CB has a small high cutoff frequency like MBBA, but not Xil(.)” 51 and. 95¢10M g1 (SO%A) increase irF) Th.e
S)S /?stlleszzissthzu?ogl]E i}/ﬁ? dHiichjg,si\gr? T:\;%;?izl:]mtii tréarlror limits specified for 25 or 50% increasefnwere nec-

¢’ €™ 9 . ' essary because of their insensitivity in the fits. It is interest-
low cutoff frequgncyw1/277 has been estimated to be 98 Hz ing to compare the above results with those obtained in
usingw, =K/ n&“. The fitting qualityQ factor was found to MBBA. At the same reduced temperatufB/T, = 0.96), A
be 1.8% in the present study. Our results show Efat(37.3 of MBBA is about 30% smaller than that of 5CB. Whilk,
*1.3 kJ/moJ is a little smaller thal'Egz (42.6-1.9 kd/mo), is similar for the two nematogens, the spinning motion of
andE_R® is equal to 12.21.8 kJ/mol. NowE_*<E_? was  MBBA is faster by a factor of 2. The slower spinning motion

found when only theT, data were analyzefil1] using the of 5CB could be due to the Iarg_e t_erminal dipole i_n the 5CB
numerical solutions given in Ref34] and their Eqs(20)  molecule. When comparing their internal dynamiksg,and
and(21). This previousT, analysis had a problem, since the k; are more or less comparable in values at this reduced
mentioned equations of Ref4] contained errors as pointed {€mperature, but thk, rate for 5CB appears to be four or-
out by us[24,30. The present study has avoided this byders of r.nagnlt.ude hlgher. A plausible explanation is the dif-
directly solving the rotational diffusion equation. The error ference in their chain lengths. .

limit for a particular global parameter was estimated by vary- N conclusion, we have demonstrated in the present study
ing the one under consideration while keeping all other glohow a standard high field spectrometer can be used to study
bal parameters identical to those for the minimBnto give director fluctuations in the nematic phase of 5CB by means
an approximate doubling in the value. The activation en- of deuteronT, measurements. This is inferred from the fact
ergy for the three-bondkg) motion is 51.9 kd/mol. The that J§®?(0) for the methylene deuterons cannot be ac-
model parameter@ k's, 3D’s, andA) for w /27 = 1 MHz counted for by the molecular rotation and internal motions in
at each chosen temperature are summarized in Table . THBe flexible chain. A possible and probable explanation is to
activation energies and the preexponentik@:(&O?x 107t invoke director fluctuations. The ability to study the second-
s ! D%=168<10" s~! D%°=3.25x10% s ! and D% order contribution from director fluctuations in 5CB is attrib-
:3_29><>‘1011 s~1) are used tOZ plot the fitted spectral density uted to its high cutoff frequency being small. Incidentally

curves in Figs. 2—4. The observed frequency dependences lﬂ?th 5C.B and MBBA’.'” which we have detected second-
J(li)(w) andJ(zi)(zw) are due to “slow” molecular rotations. order director fluctuations, are room temperature nemato-
The fits between the experimental and calculated spectrgens'

densities are acceptable, in particular 11@?(0). Thecalcu-
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