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We present the calculation of NMR line shapes, including dynamical effects, of polymer dispersed liquid
crystals starting from the Monte Carlo configurations simulated for a lattice spin model. We consider droplets
with radial, bipolar, and random boundary conditions and examine to what extent their predicted deuterium
NMR spectra differ in the presence of molecular moti®1063-651X99)09910-9

PACS numbsgs): 61.30.Cz, 61.30.Gd

I. INTRODUCTION (LL) many years agf7] to mimic the nematic behavior of a
nematic liquid crystal. It reproduces a weak first order tran-
. . ) ; . .__sition for a bulk, i.e., for a large sample with periodic bound-
als_t_hat consist of m|croscop|c"nemat|c droplets, Wlth typlcalary conditions|7,8], while in a confined system with radial
radii from a few hundred A”QS“’D to well above a micron, " tangential boundary conditions of sufficiently small size
embedded in a polymer mz_itrlx. These systems are mte_restlr}ge phase transition is suppres$édlin agreement with ex-
both for tephmcal applications apd for an understapdmg Oberiments. The LL model is a lattice of “spins” where each
the behaV|0r Of meSOphaseS n a Conﬂned enV|r0nment‘.5pin” can represent either one uniaxial molecule or a
PDLC droplets also represent practical realizations of sysclosely packed cluster of molecules which maintains its short
tems exhibiting topological defects of interest in many fieldsrange order in the relatively narrow temperature range of
of physics[1]. Various experimental works like calorimetry, existence of the nematic as well as across the disordering
polarized light experiments, and NMR investigations havephase transitiod6]. The N particles (sping of the model
considered these microconfined systems with differengystem interact through a pair potential of the form
boundary conditions at the droplet surface. In particular, ra-
dial [2,3] or axial structure$3] for homeotropic surface an-
choring and toroidal4] or bipolar[2,3,5] structures for tan-
gential anchoring are commonly found, depending on the
polymer matrix chosen and on the preparation methods. Advheree;; is a positive constant for nearest neighbor spins
ditional effects of interest come from the application of anandj and zero otherwiseR; is the second-rank Legendre
external electric or magnetic fiel®]. From the theoretical Polynomial, and g;; is the angle between the three-
point of view, Landau—de Gennes elastic continuum apdimensional unit vectors; andu; located at the lattice sites.
proaches[1] and Monte Carlo(MC) simulations[6] have To model a PDLC droplet a jagged sphere is carved from
been used to study PDLC in a variety of these physical situthe cubic lattice by considering all the molecules lying closer
ations. In particular, the MC technique has proved to be dhanR (the droplet radiusto the chosen center. Further, the
powerful method not only for investigating the thermody- interaction with the polymer is mimicked by assuming an
namical behavior of confined nematics, but also for simulatadditional layer of spins whose orientations are chosen in
ing quantities that can be observed directly in real experiaccordance with the desired boundary conditipt®. Dur-
ments. Methodologies needed to calculate powder deuteriufig the last few years, some of the present authors have
NMR line shapes and textures observable in polarized lighstudied PDLC droplets with different boundary conditions
experiments corresponding to the microscopic configurationgsing Monte Carlo simulation®-11].

found have been developéf]. Here we wish to present a In the present work we consider droplets with radial, bi-
more widely applicable methodology that aims to reproducedolar, and random boundary conditions. We perform Monte
2H NMR spectra starting from MC configurations, taking Carlo (MC) simulations as follows. For radial and bipolar
into account also dynamical effects such as fluctuations dpoundary conditions the calculations at the lowest tempera-
molecular long axes and translational molecular diffusion. Infure start from perfectly orderedero-temperatujeconfigu-

the next section we recall briefly the model used in our simufations. These are, in accordance with the given boundary
lation, in Sec. Il we describe the method proposed to calcuconditions, a perfect hedgehog and a perfect bipolar structure

late the line shape, while in Sec. IV we show and discuss th# the radial and bipolar cases, respectively. In case of ran-
results. dom boundary conditions, however, the initial particle orien-

tations inside the droplet are selected randomly. At higher
temperatures the simulation starts from an already equili-
Il. MONTE CARLO SIMULATIONS brgtgd cor}figuration at the nearest lower temperature, when
this is available. The Metropolis procedyr¥?] is then used
The computer simulations considered here are based onta update the lattice for a certain number of cycles, i.e., of
simple model system put forward by Lebwohl and Lashersets ofN attempted moves. Each particle is selected at ran-

Polymer dispersed liquid crysta{fPDLC) [1] are materi-

3 , 1
Ujj=— & Pa(cosBy) = — €| 5 (ui-up)“=5, (1)
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dom for a trial move at every lattice sweep using a randommematic phase. Indeed, once in an undistorted nematic phase,
shuffling algorithm[8]. A new trial orientation of the chosen the single narrow line splits into a doublet, the frequency
particle is then generated by a controlled variation from thesplitting now being typically of the order afvo~100 kHz.
previous ong13]. We have checked that a rejection ratio notIn general, it depends on the relative orientation of the EFG
too far from 0.5 is achieved while ensuring that an adequatéensor and the direction of the NMR spectrometer magnetic
evolution is obtained. For all types of boundary conditionsfield B. It is instructive to introduce motional averaging de-
the number of particlegsping inside the droplet was set to pending on the rate of the corresponding molecular motion.
5832, whereas in the additional surface layer fixing theMolecular rotationgmainly around the long molecular axis
boundary conditions to 1352. usually occur on a time scale faster than the scale related to
The numerical output from our Monte CanC) simu-  the order fluctuations and molecular self-diffusion. There-
lation consists of full sets of “spin coordinates” and their fore, we assume that the effective EFG tensor averaged over
direction cosines. While these detailed data are very interestnolecular rotations is uniaxial, with the principal axis along
ing to investigate the molecular organization inside dropletsthe long molecular axis. The quadrupolar frequency split-
it is not so easy to relate them to macroscopic observablesing so depends only on the relative orientation of the unit
We have then decided to calculate, starting from these Migectora and B, and is given byo=* Swgi[3(a B/B)?
croscopic configurations, observables that can be measured
in real experiments and cover, in such a way, the gap b

tween theory and experiments. In previous papérs4 we  omatic phase, however, the molecular long axese not
have calculatedH NMR spectra from MC configurations in g eq and fluctuate around an average value, denoted by a
the absence O.f motions. _We have shown th?t these “poWgnit vectorn called the director. An average over these fluc-
der” spectra differ for radial, bipolar, and toroidal boundary tuations can be easily performed only if they are also rapid
conditions in a way that could allow assigning the boundaryg, g1 on the NMR time scale, which results in an addi-
condition type from an inspection of the NMR spectra. INyjona"reduction of the quadrupolar splitting. Neglecting bi-

real experiments the presence of diffusive motion resulting,ijivy in molecular ordering, this effective splitting can be
in the modulation of the quadrupolar interaction on the NMR, 1ittany as(see, for instance, Ref§l,18,19)

time scale cannot be excluded and might smear out totally
(or in pard the characteristic spectral features, making the
boundary condition assignment more troublesome or alto-
gether impossible. In the following section we re-examine wqQ=* dwq
the calculation of NMR spectra and discuss the inclusion of
dynamics, while later on we shall discuss the spectral differ-
ences between various boundary conditions. where S is the usual uniaxial nematic order parameter de-

fined by the ensemble averae=(3[3(n-a)?—1]), and @
is the angle between the local directorand the magnetic
field B. Alternatively, the order paramet& can be calcu-
Deuterium nuclear magnetic resonanéd NMR) [2,15— lated also as the largest eigenvalue of the ordering matrix
17] is a powerful experimental technique that is most fre-[20].
quently applied to investigate polymer dispersed liquid crys- In confined nematics, e.g., in PDLC, the director is posi-
tals (PDLC). It is very convenient for the study of such tion dependentn=n(r) reflecting boundary conditions im-
heterogeneous systems since using deuterated nematics fhesed by the polymer matrix. Moreover, in the vicinity of the
resulting spectra only give direct information on the behaviorconfining substrates the value of the order param8tde-
of the liquid crystal confined to spherical cavities inside thescribing the degree of molecular ordering may differ from its
nondeuterated polymer matrix. Further, it is applicable alswalue in the bulk, which results i8=S(r). Consequently,
for small, i.e., submicron droplets, where optical methodghe corresponding contributions to thel NMR line splitting
fail to yield useful information because the light wavelengthwq(r) depend orr as well. Since the NMR spectrum corre-
is too large compared to the droplet diametéd NMR  sponds to the overall response of all molecules present in the
spectra give an idea about the orientational molecular ordelsample, each of the director configuratiom@) appearing
ing inside nematic droplets, that is both about director coninside the droplet yields a specific contribution. The identi-
figurations and dynamic processes such as molecular fluctuéieation of these director configurations can, however, be
tions and diffusion. very problematic since molecular self diffusion affects the
A 2H NMR spectrum of a selectively deuterated nematic?H NMR line shape significantly. Only in the absence of
in the bulk isotropic phase consists of a single line whosesignificant molecular diffusion the spectra can be calculated
position in the spectrum is determined by the Zeeman splitsimply as a superimposition of individual molecular static
ting of deuteron energy levels in the spectrometer magnetiines of Lorentzian shape from all over the sample, these
field and whose width is well below 100 Hz. Since deuterondines being positioned into the spectrum accordingi(o)
possess a nonzero quadrupolar moment, there is an addindS(r) used in Eq.(2) (see Ref[14]).
tional perturbative contribution to their energy levels coming In this paper we wish to extend the analysis to include
from quadrupolar interactions between them and the electrialso dynamic effects, such as fluctuations of molecular long
field gradient(EFG) of the G—D bonds in nematic mol- axesa (defining the order paramet& and the directom)
ecules. These anisotropic perturbative contributions are aveand the translational molecular diffusion. For this purpose it
aged out by molecular motions in the isotropic, but not in theis convenient to use a semiclassical approach with the time-

1, where dwq=27dvq represents the maximum effec-
Give splitting averaged over fast molecular rotations. In a

@
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dependent spin Hamiltoniafl9] where the?H NMR line  thanty. In other words, in smaller droplets effects of trans-
shapel (w) is calculated as the Fourier transform of the re-lational diffusion can be much more important than in larger

laxation functionG(t), ones. _ _ _
In order to estimate how dynamic processes influence the

spectra, it is necessary to compare their characteristic time
I(w)=f exp(i wt)G(t)dt, (3 scales to the characteristic NMR time scae=27/ dwq,
which, for the deuterium quadrupolar splitting in the nematic
whereG(t) is generated as phase, is of the order 6f107° s. If the molecular motion is

sufficiently slow on the NMR time scalig, the spectra can
. ot be calculated ab(w) = ([ o — wz*|wg(ri)|1)i [2], i.e., itis
G(t):eXF’('“’Zt)<eXF{ ' LQQ[ri(t')’t']dt’» . (M possible to use the static approach used in R6fa4]. If, at
i the other extreme, the motion is very fast on thascale, the
spectrum is completely motionally averaged and now con-
with Qqfri(t),t]=* Swq3[3(a-B/B)°—1], the “instanta-  sists of a sharp doublet (w) =6l w— wz = [(wo(ri))il]
neous” quadrupolar splittingnot to be confused withog  whose peaks are positioned at average frequencies
from Eg. (2), where an average over fluctuationsafhas i|<wq(ri)>i| [2].
already been performédFurther, in Eq(4) »; denotes the Here we would like to calculate systematically the NMR
Zeeman frequency, while the brackets. .); stand for the  spectra for different director configurations in nematic drop-
ensemble average over all molecules in the sample. The resiets, proceeding from the static limit to the limit of com-
nance frequency of thith molecule located af is given by pletely motionally averaged spectra, in order to find out to
wz+Qq[ri(t),t] and depends on time(t) via g which extent diffusive processes smear the spectra and thus
=a[r;(t),t], i.e., the instantaneous orientation of the mo-make the identification of director configurations impossible.
lecular long axis. To see this effect, a number of simplifying assumptions, de-
Neglecting for a moment translational diffusion, the coor-scribed later, has to be invoked. Note also that in @ywe
dinates of a given moleculg can be taken as fixed and have assumed no coupling between the spectrometer mag-
time-independent during the NMR experiment. The long moqetic fieldB and the molecular orientation. Indeed, in micro-
lecular axisa; , however, still fluctuates around the local av- confined liquid crystals the aligning effects of a magnetic
erage, i.e., the directon(r;), and thus still depends on  field can be ignored if the magnetic coherence length
Hence, we havea=a(r;,t) and, consequently,Q)q «1/B [22] is much larger than the characteristic dimension
=Qq(r;,1): the time dependence ifi, is caused by the of the confined system, i.e., if the magnetic field is weak
fluctuations ofag; only, while the average; remains fixed. enough that it cannot overwhelm the aligning effects of the
Further, we have assumed a secular spin Hamiltonian thaionfining walls. In our case, the conditig® R (R denoting
excludes spin flips as the orientation varies. To simulate sucthe droplet radiusmust be fulfilled to justify omitting the
a dynamics we calculate spectra using the data from 102¢holecular coupling with the spectrometer field.
successive Monte Carlo simulation steps. The characteristic
time scale for orientational fluctuatioms in a typical liquid IV. RESULTS
crystal is of the order of~10 8 s [21]. The dynamics of
Monte Carlo simulations is determined by the arbitrary mo-
lecular evolution process choséim contrast to molecular Let us first consider spectra in absence of translational
dynamics simulations and hence the time scale assigned todiffusion, or, equivalently, spectra of large enough nematic
fluctuations generated by this technique does not necessarﬂyomms(with R> \/Wt()) in which this kind of molecular
have to match with the natural time scale indicated abovemotion can be considered as rather unimportant. The only
However, the update process we have adopted here movesievant molecular dynamics is now caused by fluctuations
one molecule at a time for a certain angular step and is thugf long molecular axes around the directon. In order to
a plausible physical evolution process. In this sense, we cagbtain a spectrum with a sufficient resolution, it is necessary
map the MC dynamics onto a plausible real one apart fromg simulate a relaxation sign@(t) that is long enough, i.e.,
an arbitrary time unit. lasting for several NMR cycles of duratidp each. Compar-
Including now the translational diffusion as well, molecu- jng the time scales of molecular fluctuations and NMR, i.e.,
lar coordinates change during the NMR experiment, t.e., t_ andt,, it is evident that there should be abouf® Ifio-
=r;(t). Thereby the averags for a given molecule changes |ecuylar fluctuations per NMR cycle. This relation betwegn
with time sincen=n(r;), and therefore the instantaneajs andt; does not allow us to generate a sufficiently l&a(f),
depends omalso indirectly through;=r;(t). In this case we a5, for technical reasons, we only have the data for 1024
can now writeg=a[r;(t),t] and Qo=Qq[ri(t),t]. The  successive MC spin configurations available. Therefore, gen-
typical time scale for a diffusion yielding a displacement for erating G(t) we decided to update the spin configuration
one molecular length41 nm), tp, is, like tg, also of the  from the MC data less frequently than required by the natural
order of~10"® s[21]. It is, however, more relevant to know time scalet, in order to cover a long enough period in time.
the timet, needed for a molecular diffusion to yield a dis- This approximation is not of essential importance given the
placement over which the average molecular orientdfien,  already mentioned arbitrariness in the Monte Carlo time
the director fieldn(r)] changes considerably. This distance scale.
obviously varies with the system size, i.e., the droplet radius In the case without diffusion we decided to update spin
R, so the relevant diffusion timg, can become much larger configurations inside the nematic droplet eight times per

A. Molecular fluctuations
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NMR cycle, this being much less than the natural scale given
above. This enabled us then to genera@(8) signal whose
length is 128t,, yielding spectra with a resolution of 256
points in the relevantnonzerg part of the spectrum. It is
possible to check whether this frequency of configuration
sampling is sufficient or not by comparing the order param-

eterSdeduced from the NMR spectra and from the MC data A=0
themselves. Further, the resulting spectra show some
. 2 T . Ak N\
noise” because the number of spins inside the droplet is \M/
still relatively small. To smoothen these spectra, a convolu-
A=1

tion with a Gaussian kernel of width 0.844 has been per-
formed. For dwg~27x100 kHz this width equals-27

X 4000 Hz, which is well above the natural line width, typi-
cally given by~27<100 Hz. Note that neither the width of
the kernel nor its shapéGaussian instead of Lorentzjan
match with the features of natural single-spin NMR lines and
that the purpose of performing such a convolution was
merely to smoothen the spectra and not to simulate the natu-

I(w) (arbitrary units)

T~

ral linewidth.
In the following we are going to consider nematic drop-
lets with three different types of boundary conditions: radial -1 -05 0 05 1
(RBC), bipolar (BBC), and random(RND). The RBC are (w—wZ)/de
obtained when the spins in the outermost layer of the sample
representing the polymer matrigghost spings are oriented FIG. 1. 2H NMR spectra of the radial droplet for different val-

normal to the local surface. In case of BBC the ghost spingies of the diffusion parametek: A=0 corresponds to the no-

are fixed tangentially to this surface and in planes containingliffusion limit, while A =32 corresponds to the fast diffusion limit.

the z axis. Finally, random boundary conditions are simu-The Pake-type powder spectrum obtainedfer 0 collapses into a
lated by a random orientational distribution of the ghostsingle line centered at zero quadrupolar splitting for32. All
spins. In all cases the orientation of these spins remains fixetPectra have been normalized so as to obtain the same peak height.
during the simulation.

According to Eq.(2), the full width of a doublet in the
spectrum equals &qS. In the perfectly aligned nematic
phase withS=1 the spectrum width amounts t&@,, but
as soon as dynamic effects are taken into account, the spec-
trum is narrowed, and molecular fluctuations effectively
yield S<1. The spectrum of, e.g., the RBC droplet, in which
molecular orientations are distributed isotropically over the
whole solid angle, is equivalent to the Pake-type powder

A

spectrun{19] consisting of two asymmetric peaks positioned
at wzt%wQS (see the top curve in Fig.)1Therefore, it is
possible to deduce the value $from the actual position of
these peaks: in our ca§=0.72+0.02. To check this result
we have calculateds also directly from the MC data by
diagonalizing the time averaged ordering matrix for each of
the spins and averaging the largest eigenvalues obtained in

this way over the whole droplet. Such a calculation gi%es

~0.73. This rather good agreement also indicates that even

sampling MC structures rather infrequentiye., only eight

times per NMR cyclgin order to generate a longéxt) still A=8

Kw) (arbitrary units)
V\F’_
g b
i L

reproduces the effect of molecular fluctuations sufficiently
well.

The spectrum of the BBC droplet in the no-diffusion limit
differs considerably from that of the RBC droplet. If the
NMR magnetic fieldB is applied along the axis (i.e., the 1 05 0 05 1
symmetry axis of the droplgtit still has two asymmetric ' )
peaks, which, however, are now locatedegt™ wS. This
reveals that indeed most of the molecules are aligned parallel g 2. 24 NMR spectra of the bipolar droplet for different
to B (see the top curve in Fig) 2EvaluatingSfrom the peak  yalues ofA. The spectrometer magnetic field is aligned along the
positionsS~0.74+0.02 is obtained, while calculating di- bipolar symmetry axis, which results in a spectrum consisting of
rectly from the MC data yieldS~0.76. Again the agree- two lines both in absence of diffusiolA&0) and in the fast dif-
ment of the two estimates is good. In general, bipolar symsusion limit (A=32).
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I(w) (arbitrary units)

Iw) (arbitrary units)

FIG. 3. 2H NMR spectra of the droplet with random boundary
conditions and with the spectrometer field directed alongzties.
The molecular alignment at the “magic” angle with respectzto
gives rise to a very smallX=0), or even zero splittingX = 32).

)
y

metry axes in droplets of a PDLC sample can have arbitrary (0—w,)ldw,
spatial orientations. Summing up contributions originating
from droplets all over the sample then yields a spectrum FIG. 4. 2H NMR spectra of the droplet with random boundary
similar to the Pake-type powder spectr{irs]. If, however, condit.ions and with the spectrometer field directed along thg aver-
the process of nematic droplet formation in a polymer matrix29€ directokn) calculated from the MC data. The two peaks in the
is occurring in a sufficiently strong external magnetic field, SPECtrum occur at nonzero splitting both =0 and ford =32.
;he blp_olar _droplet axes align alpng the field d|rect|o_n. ThlstWo lines(Fig. 4, top curvi, positioned approximately at the
rozen-in alignment can be retained also after the field ha?naximum Splittind~ Se-S. Deducing the value oS from
been switched off2], which then corresponds to the case Im Sp hg “Q I'I g Id hich
considered here. We further assume the magnetic field of thté1e po_smon of these two lines now ylielas 0:60.02, w ich
NMR spectrometer to be directed along the droplet axes. IS:again ina very good agreement with th?.MC data. Since in
The spectrum of the nematic confined to a droplet with? droplet with rand_om boundary'condltlons a substrate-
random boundary conditions does not show any sharp peaI dUC.Ed net easy axis does not exist, the_ average molecular
when, again, the spectrometer fi@ds applied along, i.e., Irection (n) in the core of the droplet will be completely

g . arbitrary. In our simulation the droplet is already large
the z axis (Fig. 3, top curvé There are just two broad peaks .
centered E’:\tvngi O.FiéwQ. The direct cJaIcuIation OSfrgm enough (5832 sping to allow the presence of an ordered

MC data yields 0.67, which indicates that by coincidence thenematic core in the bulk, while closer to the droplet wall the

: . degree of ordering is lower, due to the disordering effect of
angle betweeB and the director in a large part of the droplet . . ;

" o 2 the confining substrate. Performing the same type of simula-
must be close to the “magic” angle giving rise to zd at tions for a droplet of smaller siz€l476 sping still shows
least very small quadrupolar splitting. Rotating the sample . pie ; P

. ; . similar core ordering effects which, however, are somewhat
with respect toB and calculating the corresponding spectra X . k
. ; . ~weaker since now the fraction of molecules disordered by the
indeed reveals the existence of some net molecular a“gnéurface is higher than in the brevious case
ment in the droplet core. This ordered structure is due to thé 9 P '
fact that the ordering effect of the Lebwohl-Lasher potential ) o
overcomes the disordering effect induced by the random B. Translational diffusion
boundary conditions at the droplet surface. However, the di- In addition to fluctuations of the long molecular axes we
rection of alignment in the ordered core is arbitrary and dewould now like to include also translational molecular diffu-
pends on the random orientations at the border surface argion into the analysis. Let us consider, for simplicity, the
on the starting configuration. During the Monte Carlo evolu-case in which the diffusion is characterized by a single mo-
tion the core can change its alignment, although this reorientional constant(the diffusion tensor is isotropici.e., the
tation should be very slow at the low temperatures at whictprobability for a molecular diffusion does not depend on the
we have performed our simulations. For all these reasongocal orientation of the director. In a bulk unconstrained
note that the spectra given in Fig. 3 are not unique. Namelynematic phase the diffusion anisotropy can be typically up to
choosing, e.g., a different MC starting configuration couIdDH/Diwz, with D|| being measured along the director and
result in quite a different spectrum, not necessarily consistin@d , perpendicular to i{2,22]. Our tests indicate, however,

of a single line like the spectra shown in Fig. 3. that the inclusion of anisotropic diffusive processes into the
The existence of this ordered core is confirmed also byimulation alters the spectra only negligibly.
calculating the average nematic directoy directly from the Translational diffusion has been simulated by a simple

MC data. In thexyz reference frame it is given byn) random process in which the spins representing one or more
~(0.205,0.722,0.660). SettinB||(n), the spectrum shows nematic molecules jump between lattice sites. In each simu-



4224 CHICCOLI, PASINI, SKAEZEJ, ZANNONI, AND ZUMER PRE 60

lation step each of the spins is allowed to move to its neareg||(n) (wq)i~(0.58+0.02)5w (peak versus~0.5%wq
neighbor site with equal probability in the present isotropic(MC).
case, while in the anisotropic case this probability has to be As indicated before, diffusive processes are expected to
biased so as to increase the diffusion probability along th&e more important in small droplets than in large ones.
director [2]. After the diffusion jump has been performed, Therefore, it is convenient to express the limit between the
the spin acquires a new orientation, whose avefage the  slow and fast diffusion regimes in terms of the droplet size,
local directoj in a distorted sample is different from the keeping the value of the diffusion constant fixedg., toD
average calculated at the old coordinates. CalculaB(g ~10 1°m?s). This can be done since the spins used for
we have, like in the diffusionless case, updated the spin conmodeling the nematic can be interpreted also as close packed
figuration inside the droplet from the MC data eight timesclusters of severalup to ~100) moleculeg§6]. Putting the
per NMR cycle. Now additional diffusion steps have beendroplet radiusR as an estimate for the characteristic length
added in between these structural updates, with their numbewer whichn(r) changes considerably arg~ty~10"°s
A ranging from 1 to 32. In this last case the spectra argjive R=.6Dt,~75 nm. Hence, for these particular values
completely motionally averaged due to diffusion effects,of D andt, in droplets withR>75 nm diffusive effects can
since forA=32 each of the spins exhibits a total of 256 be neglected while in those witR<75 nm this cannot be
jumps within the duration of one NMR cycle, this already done.
corresponding to the fast diffusion limit with, <t Lining up spectra for the three different types of boundary
We start by considering the case of radial boundary conconditions and comparing them shows that in the slow dif-
ditions. Figure 1 shows a sequence of RBC droplet spectrdision limit it is always possible to identify the radial struc-
ranging from the no-diffusion limit4 = 0) to the fast diffu- ture because of its characteristic Pake-type form of the spec-

sion limit (A=32). In general, for any type of boundary trum, which does not depend on the direction of the

conditions the fast diffusion spectrum consists of two linesSPectrometer magnetic field. The spectra of the bipolar and

‘ . the random droplets, on the other hand, depend significantly
centered atwz*(wg);, where the average frequency is on the magnetic field direction since the corresponding di-

given by(wq)i = woS(3[3 coSA(r) —11); . If the diffusion  rector configurations are anisotropic due to the bulk net mo-
is fast enough so that molecules diffuse through a larggecular alignment. Consequently, the spectra of the two drop-
enough portion of the droplet, in the radial configurationlets are similar and difficult to distinguish. All these
where(wq);=0 holds, the two lines should coalesce into aconclusions hold also in the fast diffusion regime, except that
central line(zero quadrupolar splittingInspecting the simu- the Pake-type spectrum of the radial droplet collapses into a
lated spectrdthe sequence in Fig.)lit is evident that this single line at zero splitting, again regardless of the magnetic
indeed happens. It is possible to deduce the valugwef); field direction. The diffusion-averaged spectra of the other
also directly from the MC data, yieldingwq);~0.035wq . two structures show two pe_aks_at nonzero splitting, unless,
Repeating the same analysis for the bipolar droplet, wé&gain, the majority of the spins is lying at a “magic” angle
observe that the two lines in the spectrum do not merge int#/ith respect to the spectrometer field direction.
a single line as we have just observed for the radial droplet
when moving from the slow into the fast diffusion regime V. CONCLUSION

(Fig. 2). This happens because now we are dealing with an |, o present analysis we have calculafetNMR spec-

ense_mble qf moIepuIes whose orientational distribution i, 5 of polymer-dispersed liquid crystalEDLC) in order to
spatially anisotropic. Hencewq);#0 should be expected, jyyestigate orientational molecular ordering and dynamics
unless(by coincidencgthe relative orientation between the within nematic droplets. The input data for the calculation of
NMR spectrometer magnetic field and the majority of spinsthe NMR spectra were provided from Monte Carlo simula-
within the droplet yieldswo~0 already in itself. This is, tions, where the nematic droplet was modeled using the
however, not the case for the spectra shown in Fig. 2: hergepwonhl-Lasher lattice model. In this approach dynamic ef-
(wq);=(0.61+0.02)0wqp from the peak positions and fects such as fluctuations of molecular long axes and effects
0.5%wq from the MC data. On the contrarywo~0 hap-  of translational diffusion can easily be included. Therefore,
pens when considering the droplet with random boundaryve could focus on establishing a relation between the dy-
conditions if the NMR magnetic field is applied alomgAs  namical processes within nematic droplets and the resulting
a consequence, the spectrum is then averaged into a singiMR spectra. The polymer matrix confining the droplets
line centered atwq); =0 (see Fig. 3, bottom curyalthough  was chosen to impose three different types of boundary con-
there is net molecular alignment in the droplet core, as alditions: radial, bipolar, and random, which can be encoun-
ready pointed out in the previous subsectiMC data here tered also in a real experimental setup.

yield (wq)i=~0.09wg). Also in the fast diffusion limit this Our results indicate that, as predicted, molecular fluctua-
alignment can be explored by imposing a spectrometer magions lead to a narrowing of the NMR spectrum, while its
netic field B oriented along directions other than thexis  shape remains similar to that obtained in the static case.
(e.g., alongx andy axes, or alongn)), resulting in spectra From this narrowing it is possible to deduce the value&of
that consist of two linegfor B||(n) see Fig. 4 The agree- the order parameter, which turns out to be in an excellent
ment of the line positions and the MC data is still ratheragreement with the value deduced directly from the Monte
good: forB||x (wq)i~(0.24+ 0.02)5wq (peak positiohver-  Carlo data. Further, molecular diffusive motions result in an
sus (wq)i~0.255wq (MC data, for B||ly (wqg);=~(0.175 averaged spectrum, which in the fast diffusion limit consists
+0.02)0wq (peak versus~0.165wq (MC), and, finally, for  of one or two rather narrow lines, depending on the type of
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boundary conditions. Once the direction of the NMR mag-similar to that in the bipolar one, which, in turn, results in
netic field has been fixed, it is also possible to predict thesimilar NMR spectra.
position of these lines from the Monte Carlo data, and again
the agreement with the actual spectra is fairly good.
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