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A deuteron NMR study of molecular dynamics in the partial bilayer smegtiarl reentrant nematic phases
of a pure chain-deuterated compound is presented. The deuteron spin-lattice relaxatidn tiaretT ;o were
measured as a function of temperature for two different frequefitieand 46 MH2z The experimental results
were interpreted in terms of the internal conformational motions of a chain decoupled from the molecular
small-step rotational diffusion and the order director fluctuations. The latter motion was found to be essential
to the fit of experimental results in the reentrant nematic phase. The fitting parameters obtained by using a
global target fitting method are acceptable when compared with those obtained from other deuteron and proton
NMR studies of the same mesophases.

PACS numbss): 61.30—v

I. INTRODUCTION ferent deuteron spin-lattice relaxations tim&s; (Zeeman
andT,q (quadrupolay, can be simultaneously determined at

NMR spectroscopy is a very powerful technique in thevarious atomic sites. The extraction of the spectral densities
study of liquid crystalg1]. Both proton and deuteron NMR  J;(w,) andJ,(2w,), Wherew, is the Larmor frequency, can
studies were carried out in liquid crystals in order to betterthen be carried out. Indeed, an IR relaxation mechanism in
understand the molecular order and dynamics in these matéie side chai(s) of a flexible mesogen can best be studied by
rials, in particular in the nematic and smecfionesophases deuterons as a probe, when the internal conformational
[2—14]. Valuable information on the dynamical processes inchanges in the molecules may be assumed to decouple from
these compounds such as molecular reorientatipfiR’'s),  molecular reorientation§l]. A deuteron NMR study of a
internal rotations(IR’s), translational self-diffusion(SD), chain-deuterated #A-octyloxy-4'-cyanobiphenyl (80CB)
and collective motions known as order director fluctuationd 17] which demonstrates the ability to study molecules with
(ODF’s) can be obtained with these techniques. The resultan increasing number of conformational transitions, was re-
obtained from deuteron and proton studies can be complesently reported. However, the nuclear quadrupolar interac-
mentary, since deuteron and proton NMR relaxations can b&on of the deuteron’s spinl €1) is dominant, which makes
sensitive to different types of motions. the spin-lattice relaxation mainly sensitive to intramolecular

The proton NMR spin-lattice relaxation tinig; is sen-  relaxation mechanisms. Therefore, only in a very indirect
sitive to all types of movements, but due to dipolar interac-way is it possible to include the influence of the translational
tions it is not possible to separate internal motions from themotions of the molecules. The deuteron measurements are
overall molecular reorientations. However, these studies cansually made at frequencies above 10 MHz, where the con-
cover a very broad frequency ran¢g00 Hz to 500 MHz  tribution of the collective motions is negligible in the
when combining standard and fast field cycling NMR tech-smecticA phaseg§13,18), but can be as much as 30% of the
niques[13,15,16. Due to the large frequency range, it is overall relaxation rate in the nematic mesophases
usually possible to separate the ODF from SD and MR ref13,14,18,19when compared with molecular reorientations.
laxation mechanisms. On the other hand, deuteron NMR iés the proton studies shoft3,18 that, above 10 MHz, the
site specific, and by means of multipulse techniques two difODF mechanism can be masked by both the MR and SD
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FIG. 1. A typical deuteron
NMR spectrum of 80OBCRHY,;
showing the peak assignment, to-
gether with a 80OBCB molecule
showing the various coordinate
systems used in the text.
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relaxation mechanisms, deuteron studies can be very helpfatinimization approach in order to obtain more reliable fit-
since they are insensitivén a first approximationto SD’s.  ting parameter$13,14,17,39 In this phase, order director
Nevertheless, the small contribution of ODF’s at the selectedluctuations were also considered. Owing to the limitation of
frequencies and the high correlation between the strengtihe temperature range in our spectrometers, we were unable
factor A and the high frequency cutoff of ODFiR0-23  to collect data in the smecti; phase at both frequencies to
have made it difficult to separate their importance to theyarrant a detailed analysis. The paper is organized as fol-

relaxation model. o lows: Sec. Il presents the necessary formulas for the inter-
Previous studies of the molecular dynamics in the reenyetation of our data, Sec. Il outlines the experimental

trant nematic Ke) phases of pure compoun@i3,24 and 1 athod, and Sec. IV describes the results and discussion.
mixtures of compoundgl0,14,25,26 with strong polar cy-

ano end groups, revealed that the molecular dynamics in
these phases is not remarkably different from the one ob-
served for the nonreentrant ones. However, the exact impor-
tance of ODF'’s to the relaxation rate remains an open ques- The complete description of the formulas necessary to
tion. In the present study, we follow the methodology usedjjscuss our experimental splitting and spectral density data
for 8OCB to examine this important question in a high clear-.gn pe found in the literaturd,17]. The additive potential

ing temperature compound octyloxy benzoyloxy cyanobi-ap) method[40] is used to model the quadrupolar splittings
phenyl[27,2£ﬂ (see SOB_CB in Fig. lwhich exhibits a nem- along the octyloxy chain. The -©C; bond in 80OBCB is
atic (N) phase, a smectiéy phase, and ailye phase. The taken to be fixed on the phenyl ring plane with a
experimental spectral densities determined by deuteriu O0—C, angle of 126.4° [41. The G—C—C

— 1 . . —

NMR were interpreted in terms of a relaxation model which &
decouples the small-step rotational diffusion of the moI-C_C_H’ and H—C—H angles are assumgd2] to be

ecules[29—34 from the internal conformational motions of +13-5°, 107.5°, and 113.6°, respectively. The-G bond is
the chain[35-37. The internal motions in the octyloxy t@ken to be identical to a-C bond, and the ©-C—C
chain were treated using the rotameric state model of Florangle is set the same as a-C—C angle. The dihedral

[38]. As in 80CB, the pentane effect, which assumes ar@ngles ¢=0,=112°) are for rotation about each—C
infinitely large energy in forming @*g~ org g linkage bond, and also about the-©C bond in the octyloxy chain.

in the carbon-carbon chain, is used to reduce the number dfhe segmental order parameter of the-O bond (Sl,) at
configurations to 577. The experimental results for the lowtheith carbon site is directly related to the quadrupolar split-
temperatureN,. phase were analyzed using a global targetiing A v; according to the relation

Il. BASIC THEORY
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3 where B!, and o{', are the two polar angles for the
Avi=—gt).si) 1 -Q Q . :
Vi=50dcp>co+ ) C,—D bond of the conformek in the molecular framéFig.
1) attached to the molecular core, andx® are the eigen-

_ 2 . .
whereqcp=e°qQ/h, the quadrupolar coupling constant, is \ 5 yes and eigenvectors from diagonalizing a symmetrized
165 kHz for the methylene deuterons. By modeling the seg:

. . 2
mental order profile at each temperature, the interaction p(,;[[ansmon ratéa matrix, and?(mnn’){/Di (the decay cor'l-
rameters for the molecular co¥, and for a G—C bondX., ~ Stantsand (37,,,); [the relative weights of the exponentials
used to parametrize the potential of mean tortiyg(n,Q) N Gm(t)] are the eigenvalues and eigenvectors from diago-
[40] can be determined. Simultaneously the order parametdi@lizing the matrix of the rotational diffusion opera{@9].
tensor for an “average” conformer of the molecule can alsolhe rate matrix describing conformational changes in the
be evaluated1]. octyloxy chain contains jump constaris, k,, and ks for
The evolution of a spin system is governed by a spinone-, two-, and three-bond motiof$7,44 in the chain. The
Hamiltonian which contains time fluctuating terms as a resulfate matrix is not symmetrical, owing to the fact that transi-
of thermal motions of the liquid-crystal molecules. From thetions among two possible conformations via one of elemen-
standard spin relaxation theory for deuter¢as], the Zee- tary jump constants are weighed differently by their equilib-

man and quadrupolar spin-lattice relaxation rates are giveum probabilitiesPeq(n). o
by The effect of chain flexibility on the ODF contribution to
. the spectral density was discussed previously in REJ].
T =J1(wg) +4J2(2wo), When considering ODF'’s to second order, for thed€uter-
T;Q1=3J1(w0), (2)  ons one obtains

2
here th tral densiti [ b i 3w o SA(l—4da) oo
where the spectral 2ensl ies are given by I ()= . (qi))? e (S8L)23( g o) o,

3 ®
In(m0) = 2 (deo)? | Gu(icosmondt, @ ©)

whereJ(w./w) is the cutoff functior[45] with w. being the
high frequency cutoffA is the standard prefactor which de-
Gm(t)=(Dﬁqo(Q,_Q(O))Dfn’E,(Q,_Q(t))) (4)  pends on viscoelastic parameters of the samplés a pa-
rameter related té which gives a measure of the magnitude
given in terms of the Wigner rotation matr&ﬁm((l) inthe  of ODF'’s, and a much smaller contribution

fluctuating spin Hamiltonian, the angular brackets denote an

with the time-autocorrelation functions

ensemble average, and the Euler andlgs(t) specify the , 372 2 , 1
orientation of the principal axes of the electric-field-gradient I (2w) = 7(q8£>2—2(88%3>23—
tensor with respect to the laboratory frame whagexis is (1=3a) m
defined by the external magnetic field. Now different mo- XIN[1+ (w/2w)?]. (7)

tional processes like IR’s, MR’s, and ODF’s can influence
the spin Hamiltonian. These motional processes occur overhe factor (1-4a) in Eq. (6) is needed to account for the

sufficiently different time scales such that small couplingssecond order ODF contributidd6]. The calculated spectral
among them can often be neglected. For flexible moleculegensities for the Cdeuterons are now given by
forming uniaxial mesophases, the orienting potential needed

in solving the rotational diffusion problem is first established I () =3{%(w)+ I (w), )
from the order tensor of an “average” conformer. For the . ‘ .
deuterons in the chain, the decoupled mdaél,37 is used IN(2w)=30(2w) +IW(20) 9

to describe correlated internal rotations in the octyloxy chain,
and an extension of the Nordio model is u$2€l] to account under the above mentioned assumptions.
for rotational diffusions of the molecule. Hence, the spectral

densities){)(mw) for the deuterons on the; €arbon of the Il EXPERIMENTAL METHOD
chain form#0 are given in the notation of Ref29] by
. 372 577 | 577 ' A home-built superheterodyne coherent pulse NMR spec-
JiR(me) = ——(qgh 222 (2 d2o(Biio) trometer was operated for deuterons at 15.1 MHz using a
nop k=1 il=1 Varian 15-in. electromagnet, and at 46.05 MHz using a 7.1-T
577 Oxford superconducting magnet. The temperature gradient
xexg —inal)' ]x(l)x(k)) > d?, (B across the sample in the NMR probe was estimated to be
MQIH A oy MO MQ better than 0.3 °C. The/2 pulse width is about 4s. Pulse

control and signal collection were performed by a GE 1280

. N17o (1) (K minicomputer. A broadband Wimperis sequenid@] was
xexd —in’ el 1xHx® : - ,
M, Q1A Ay used to simultaneously measure thg andT,q spin-lattice
relaxation times. Signal collection was started /18 after
(B il (@ )i TN each monitoringz/4 pulse, and averaged over 96160 scans
5 (5) at 46 MHz and up to 640 scans at 15.1 MHz depending on

: 2 2 2 . - .
T Mo+ [(apny)j+INd] the signal strengths. A description of data reductions was
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FIG. 2. Plot of segmental order parameters vs the temperature. T (K)

Solid squares, circles, up-triangles, and down-triangles denpte C = °

Cs, Gse, and G sites, respectively. Open squares, circles, and |G, 3. (a) Plot of interaction parameted, (solid line) and X
up-triangles denote £ C,, and G sites, respectively. The solid (dashed lingvs the temperaturgb) Plots of the order parameters
curves are the theoretical calculations fart@ C; starting from the (P,) (solid line) and(S,,-S,,) (dashed lingof an “average” con-
top. former of 8OBCB as a function of temperature.

previously giver{48]. The experimental accuracy in measur- where the sum overincludes only the methylene deuterons
ing the relaxation times is estimated to be about 5%. in C; to C;. Thef values at different temperatures are of the
Due to its high clearing temperature and the temperaturerder of 10 3. We have not included the methyl splitting in
limitations in our NMR probes, the chain-deuteratedour minimization, since it has been known to be sensitive to
80BCB-d,; sample was not heated to the isotropic phase fothe assumed value of the-€C—H angle of the methyl
aligning the director. Fortunately we were able to achieve thgroup. Furthermore, the relaxation of the methyl group was
alignment of the director along the external magnetic field innot considered due to possible complication from methyl ro-
the N, phase. The peak assignment of a representative spet@tions about its threefold axis. In the AP method, we set
trum of 80OBCB4,; is also shown in Fig. 1. The splittings Ey(C—C—C)=3500 J/mol and E,(O—C—C)=4900
assigned to various deuterons on different carbon sites a¥mol. TheseE, values are slightly lower than those used in
assumed to decrease monotonically from the core down th@OCB. The calculated segmental order parameters are indi-
octyloxy chain, with the exception of deuterons on the car<ated in Fig. 2 as solid lines. The derived interaction param-
bons 5 and 6 which present similar splittings, as can be inetersX, and X, are plotted versus the temperature in Fig.
ferred from the line intensity28]. This seems to be consis- 3(a). We found that these values are comparable to those
tent with our measured spin-lattice relaxation times at theséund in other cyanobiphenyl compoundst,17. It is inter-
carbon sites, as well as our modeling of segmental ordeesting, however, to note thXi, is nearly temperature insen-
parameters. Due to the lack of specifically site-deuterateditive, in contrast with that found for BOCB. This may be due
compounds, we have no reason to reverse splittings at carbda the N, phase being below a more ordered smeaijc-

3 and 4, as was assumed in SOCH]. phase. The interaction parameters found from fitting the qua-
drupolar splittings are used to find the equilibrium probabil-
ity Pgg(n) of conformern. Furthermore, the order matrix of

IV. RESULTS AND DISCUSSION an “average” conformer of 8OBCB has been evaluated at

i i each temperature. Figurdl3 shows its principal elements

F|g(li1)re 2 shows the experimental segmental order paramp.y and(S,,— S,,) as functions of temperature. Whil@,)

eter Scp as a function of temperature in theNand Sq  varies from 0.66 to 0.38 upon approaching the isotropic

phases of 80OBCEH. An optimization routine(AMOEBA)  phase in 80CB, it changes only from 0.7 to 0.62 upon en-

[49] was used to minimize the sum squared efror fitting  tering the smectiS, phase in 8OBCB. Despite some obvi-

the experimentaS(C')D, ous deviations between calculated and observed segmental
order parameters in Fig. 2, in particulaf) and S}, the
derived P.4(n) and the potential of mean torque are quite

f:z (|Sg)D _ |Sg)DCa|C|)2’ (10) satisfactory for treating our relaxation data below.
i The spectral density,(w) andJ,(2w) data at 15.1 and
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FIG. 4. Plots of spectral densities vs temperature in 80BCB.c|osed symbols denotd(w), and open symbols denote their cor-
Closed s_ymt()ig)ls denotd”(w), and open symbols denote their cor- respondingl$’(2w). (a) Squares and triangles are fog gat 15.1
responding);’(2«). (&) Squares and circles are fon @nd G at  ang 46 MHz, respectivelyb) Squares and triangles are for @t

15.1 MHz, while diamonds and triangles are fof &d G at 46 15 1 and 46 MHz, respectively. Solid and dashed curves are calcu-
MHz. Solid and dashed curves denote calculate@ndJ, for C;  |ated spectral densities at 15.1 and 46 MHz, respectively.
and G at 15.1 MHz, while dot-dashed and dotted curves fpa@d

Cs at 46 MHz. (b) Squares and circles are fop @nd G, at 15.1 We believe that the motional biaxiality is small and have
MHz, while diamonds and triangles are fop @nd G at 46 MHz.

= = iti (l)
Solid and dashed curves denote the calculdieaindJ, for C, and \(J:?)C)Szen Dfx ([:)y Dé - The ISp(TCtr{:ljl d(?nSItIIEeél (w)d agnd
C, at 15.1 MHz, and dot-dashed and dotted curkeandJ, for C, 2'(2w) for C, to C; are calculated using Eqé8) and(9),

and G, at 46 MHz. Typical error bars are shown only fo énd G. ~ @nd compared with their experimental values in a global tar-
get analysig39]. This approach takes advantage of the fact
46 MHz versus the temperature for all the methylene deuterthat the target model parameters vary smoothly with tem-
ons are shown in Figs. 4 and 5. It is clear from these figure§erature. To get some idea about the temperature behaviors
that J{)(w) shows substantial frequency dependences at afff model parameterB ,, Dy, kq, k; andks, individual tar-
carbon sites, whiIeJ(zi)(Zw) shows little or no frequency get analyse$l.e:, analyses of spectral densities at each tem-
dependences. The latter seems to differ from 80CB as th _era“.”e were first carried out. We found t_hat the _rotat|onal
frequency dependences ﬂfj)(Zw) in 8OCRB are a bit more iffusion constants obeyed simple Arrhenius relations
pronounced17]. As mentioned above, we will concentrate
only on the spectral density data in the, phase. As in the
N phase of 80CB, some ODF contributions appear to be . D
necessary in thdl,. phase of BOBCB. As collective motions Dj=Dyexd - E,/RT], (12)
are slow and only effective in relaxing nuclear spin at low ] )
frequenciegbelow 1 MHz in most casgswe have choseA Wh!le the jump constants showed temperature behaviors
and the high frequency cutoff by trial and error such that thevhich could be approximated by
ODF contribution in Eq.(8) amounts to about 35% of the R
total at 15.1 MHz. We have also assumed that the preféctor Ki=ki + ki (T—Tmay, (13
is constant in theN,, phase, while imposing a linear tem- . . . .
perature dependence for the high frequency cuteff/Z wherei=1, 2, or 3, andTomaX IS 393, K'in this stgdy. The
=35 MHz at 363 K, and decreases to 25 MHz atfthg-S g pre-exponentlglﬁ)L andDDH, and their corresponding activa-
phase transition at 393)KThis is consistent with the fact tion energiesE,* andE,!, are the global parameters. Simi-
that the cutoff functior(x) approaches zero 8,4 phases larly k;, k7, k3, k3, k3, andkj, are the remaining global
at our Larmor frequencies. We found that the second ordeparameters in our global target analysis. Instead of Eds3.
ODF contributions ta){)(w) at 15.1 MHz are very small, and(12), these were rewritten in terms of the activation en-
while ODF's contribute td){")(«w) between 33%363 K) and  ergies and the diffusion constari?§ andD| at T . Indeed
38%(393 K) at 15.1 MHz(about 10% for all temperatures at ki, k;, k3, D], andD| were first obtained at 393 K by an
46 MH2z). individual target analysis. The ODF prefactowas inputed,

D, =D’ exg —E-*/RT], (11)



3684 DONG, CARVALHO, SEBASTIZ0, AND NGUYEN PRE 62

T T T T T 1 LN B N B N N 1095 T 'A'A‘ 102_ T T
16 . N
L ® A
14 10°F 3
—— o
>‘12 107 F . 101:_ o 4
b= e Py o
& 10 ) fre, "o °o
g I -
= OPO @
g ° - o
o
2 10°F 7 10°F E
g 6 i
w
4 10" F 3
u]
e DE‘
2 . s L Y J ) o i
o0 10 ® * 3 10" F S o o 3
g E ] b ]
oli— 1 1 11 | 1 1 1 1
12 3 4567

25 26 27 28 25 26 2.7 28
Carbon number 1000/T (K'1)

FIG. 6. Variation of the spectral densitiég ) (solid symbol$
andJ,(2w) (open symbolswith the deuteron position in the reen-
trant nematic phase of 8OBCBI €378 K). Circles and squares
denote data from 15.1 and 46 MHz, respectively. Solid and dotte
lines are predictions fod; andJ,, respectively, while dashed line
denotes the theoretical) ().

FIG. 7. Plots of jump rate constanks (squarey k, (circles,
and ks (triangles, as well as rotational diffusion constani
écircles} andD, (squarey as functions of the reciprocal tempera-
ure.

All model parameters are summarized as plots shown in
. . P ) ) Fig. 7. The three-bond motions are found to be very fast as in
and found “best” at 4.% 10" ° s, a value consistent with ther liquid crystals including 8OCEL7], and occur on a
those found in other liquid crysta[47,19. Again AMOEBA  time scale of femtoseconds. Boky and k; decrease with
[49] was used to minimize the mean-squared percent devigncreasing temperature, whilg shows an opposite tempera-
tion (F). The fitting quality factorQ is defined as ture behavior. Indeed; could also be approximated by an
Arrhenius relation. Similar temperature dependenceskfor

icalc iYexpt 2 and k, were observed in 60CB14] and 80CBJ[17]. The
; % EI % [I0¥(mw) — IV (maw) 1 activation energyEl (=52.8 kJ/mo) is higher than the acti-
Q= _ ' vation energyE, (=26.7 kJ/moJ, which seems unphysical.
> > E >[I0 (mw)]2 This merely reflects the difficulty in obtaining information
Koo obom (14) about the tumbling motion of the molecule, a phenomenon

often encountered in NMR studies of liquid crystals
[4,50,51. We note that thd /D, is of the order of 100 in
- . X the N phase of BOBCB, which is consistent with that found
two different Larmor frequencies, the sum okas for seven . L |

_ . . in the N phase of 80OCB. The error limits f&t, lie between
temperatures, anti=1 and 2. Since the signals fromy @nd a

C; deuterons overlapped, and their calculated spectral dens%—l'8 and 53.7 kJ/mol, a.nd. those fof .“e between 25.7 and
ties were different, we have taken the average for these tw 7.6 k.J/_moI. The error _I|m|t for a particular glot_)al parameter
sites in the minimization. We have a total of 196 spectral’/3> gsumated by varying the one upder _conS|derat|0n while
densities to derive ten global parameters. We foud kge_pmg all other global parameters |dent!cal fo those for the
=1.0%, and the calculated spectral densities are also show/nimum F, to give an gpproxmate doubling in tlifevalue.

in Figs. 4 and 5 as curves. Although there exist some sys! € [1)re_-1exp0ne°nt|als in qul%)l and (12) are D, =5.83
tematic deviations between experimental and calculatedt 10" ™ andDy=1.76x10"" s™*. When comparing these
spectral densities, the overall fits are quite satisfactory giveM/ith those found in 80CB, they are about three orders of
the many simplificationgin particular the use of the “pen- ma_gmtude smaller. This is understood by th_e_ difference in
tane” effecy in the motional model used in the presentthelrtemperature ranges, and not byothe specific nature of the
study. In Fig. 6 we present the site dependences of spectrBlesophases. The error limits fdp, lie between 4.45
densities at 378 K, and note the agreement between calcu10™ s™* and 8.15¢10"* s™%, and those foD| between
lated and experimental values is quite good. We have alsd.35x 10" s™! and 2.4<10"" s™*. In estimating the error
indicated in the same figure the ODF contributio§.(w)  limits for jump rates, we examine their values at.J: k;

at 378 K. =3.2x10° s71, k;=5x10" s, andk;=2.4x 10" s 1.

where the sum overcovers G to C;, the sum ovemw is for
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We found that any largek; or k; value does not affect the needed to account for part of the spin relaxation in khg

fits, and hence no upper limit can be estimated, while theiphase of BOBCB. We believe that this observation simply
lower limits arek=2.54x10" s~ and k;=3x 10" s~%,  reflects the differences in the viscoelastic coefficients due to
Indeed, there is a tendency in the minimization to overesti{EZtt?r’PFt’ﬁéatgirnea:sn%?xgrrg S"n f’foggga "}ggegé Vﬁ’sez]fogpd
mate theks (or k;) value. Now 4.x10%° s 1<k,<2.14 17 .

x 10271 3V\ge nolt)e that the lower limit fok) is for2a 500, ©0OCBd2/80CB[14] ODF were not required to explain the

X S : . o 2 ... measured spectral densities in its low temperaigephase.
Increase 'rF. only, since this Iqwer I|m|.t has less sensm\{ny Finally, the jump rate constants and the rotational diffusion
in the fits. Finally, the correlation coefficients among variouSeqonstants are consistent with values found in other cyanobi-
model parameters are addresse_d. The corre_lat|0n coeff|C|_e Benyl compounds. However, the values found thus far
between diffusion pre-exponentials and their correspondingyy the crankshaft motion in several different liquid crystals
activation energies are very h|%hear 3. Those for the pairs  geem a bit high, since this motion should involve relatively
(Dy,D,), (Dy,E,"), and O, ,E,) are equal to 0.69, while high activation energy even though the change in the overall
for (ki,k7), (kj,k3), and k3,k3) are 0.98, 0.79, and 0.3, molecular shape is small. Perhaps other types of motions
respectively. The correlation coefficients between one of thavhich can induce transitions among allowable conformations
jump parameters in Eq13) with one of the diffusive param- should be considered in our rather simplified model. For in-
eters in Eqs(11) and(12) are between 0.37 and 0.74, while stance, the type Il motion of Skolnick and Helfafg3],
those for the remaining pairs of jump parameters range bewhich involves either a gauche migration or gauche pair for-
tween 0.07 and 0.9, e.gk{,k3), (ki,k5), and k5,k3) are  mation in the chain, may be incorporated in our decoupled
0.07, 0.9, and 0.5, respectively. The correlation coefficientgnodel instead of th&; motion (the so called type | motion
involving the prefactorA are also estimated. For example, by Skolnick and Helfand This certainly requires further in-
those for @, wc), (A,D)), (A,ESH)v and (Akj) are 0.97, vestigations, and is being pursued in our laboratory.

0.86, 0.47, and 0.29, respectively.

In conclusion, a consistent picture has emerged in inter-
preting the quadrupolar splittings and relaxation data in the We wish to thank Funda@o para a Ciacia e Tecnologia
N, phase of BOBCB. It is found that like the relaxation data(FCT) through Project Nos. PBIC/C/CTM/1935/95, and the
in the N and S, phases of 80CB, the decoupled model canNatural Sciences and Engineering Council of Canada. A.C.
describe the correlated internal dynamics of the octyloxythanks FCT for Grant No. PRAXIS XXI BD/2900/94. We
chain, while the Nordio model can describe the overall mo-also wish to acknowledge the contribution of Dr. G. M. Ri-
tions. Also like theN phase of 80CB, ODF contributions are chards in the initial stage of this project.
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