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Anchoring and droplet deformation in polymer dispersed liquid crystals:
NMR study in an electric field
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We report a deuterium NMR study of nematic droplets, formed in a polymer dispersed liquid crystal
(PDLC). An electric field with variable strength and direction orthogonal to the NMR magnetic field is applied
to this liquid crystal, confined to submicrometer quasispherical cavities with planar surface anchoring. A broad
transition from predominantly magnetic field aligned droplets to the electric field aligned limit is observed. The
Frank-Oseen free energy with an additional surface energy term is used to find nematic director fields, free
energies, and finally simulated NMR spectra of structures in different magnetic and electric fields. We are
particularly interested in the influence of surface anchoring strength and nonspherical cavity shape on nematic
structures and NMR spectra. Cavities are modeled by randomly oriented rotationally symmetric ellipsoids with
a Gaussian distribution of elongations measuring droplet deformation. Simulated NMR spectra describe the
experimental data very well and yield for the surface anchoring strengtt0(115)x 102 J/m? and for the
width of the deformation distribution (151)%. Theagreement with the scanning electron microscopy results
indicates that deformations are the main cause of the random orientation of bipolar structures in these PDLC's.
Using the known dielectric anisotropy of our nematic liquid crystal we found the electric field in the droplets
to be 60% of the undisturbed electric fie[$1063-651X97)10808-X]

PACS numbg(s): 61.30.Cz, 64.70.Md, 61.30.Jf, 68.10.Cr

[. INTRODUCTION polymer boundary interface. Here we will first discuss the
strength of anchoring in submicrometer droplets, which is a
Nematic liquid crystals are attracting interest for funda-difficult parameter to determine. Secondly, we will try to
mental and practical reasof§. Since the discovery of poly- address the question of to what extent the orientation of the
mer dispersed liquid crystal®DLC'’s) [2—5] numerous ex- bipolar structure in droplets is determined by the shape of
perimental and theoretical works have been performed ofavities, which are not exactly spherical, and to what extent
liquid crystals confined to spherical geometrigg—11]. the pol_ymerization process induces a memory effect on the
PDLC'’s consist of small nearly uniform sizédown to sub- anchoring. _ _ _
micrometeJ droplets of a nematic liquid crystal in a solid With such aims we decided to study nematic structures in

polymer matrix. They are formed during the phase separatio ubmicrometer cavities of a PDLC in the presence of e_Iectric
caused by a polymerization of organic monomers in a quuid—'elds’ using dgutenum NMR spectroscopy. We mvesﬂgqted
the transition in nematic director field, induced by increasing

crystal-monomer mixture. PDLC’s are attracting attention o A
because of their application in scattering-based liquid-cryst ?Iectrlc fle_ld strength, Wh(_are_the electric field is orthogonal

. i . YS9 the static NMR magnetic field. The degenerate planar an-
_d|splays and light shutters. The nematic str_ucture_:, which i horing condition at the surface of cavities was assumed. We
important for the performance of PDLC devices, is a result; o jated nematic director fields, free energies, and NMR
of the balancing of nematic elastic deformations, surface anspecira of structures for different sets of physical parameters
choring, and the influence of external fields. In sphericalyng we compared theoretical spectra with experimental re-
liquid-crystal droplets with twist elastic constant comparablegits. From the analysis of the transition in the NMR spectra
to splay and bend elastic constants, the bipolar structure ige were able to draw conclusions about surface anchoring
stable for weak and strong planar anchorj6g and shapes of cavities in PDLC's.

Proton and deuterium nuclear magnetic resondNd4R) In Sec. Il we describe the experiment, and in Sec. Ill we
spectroscopy is a powerful method for the investigation oflay the theoretical grounds for our phenomenological de-
nematic structures in submicrometer spherical droflE2s-  scription of structures. In Sec. IV we discuss the results,
15], but there were only few studies in the electric field. compare experimental and theoretical NMR spectra, and es-
Holstein et al. used NMR to study molecular dynamics in timate the values of some physical parameters. Finally, in
thin polymeric liquid-crystal layers in external electric field Sec. V, we give a summary of the conclusions.

[16]. To our knowledge, the simultaneous influence of two
external fields, electric and magnetic, on nematic liquid-
crystal structures in highly curved geometry has never been
previously studied. The samples with dispersed nematic droplets were made

Although PDLC's are used for many applications, thereusing polymerization-induced phase separation, involving an

are several unresolved questions about the liquid-crystalaccurate mixing of the appropriate quantities of the various

II. EXPERIMENT AND RESULTS
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FIG. 1. SEM photograph of polymer dispersed liquid crystal

without surfactant. The average radius of the droplets i
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components, followed by a curing period at controlled tem-
perature. The components used were resin, liquid crystal, and
a deuterated probe. The anchoring is supposed to be degen-

erate planar, i.e., the preferred direction of the molecular ) )
FIG. 2. The dependence of experimental deuterium NMR spec-

long axis at the liquid-crystal-polymer network boundary is h itude of th lied electric field dicul
parallel to the surface. All directions in the preferred tangen—:ﬁ"e omn; ﬁert??%rglt; %% t ;azpt’g 'eeaﬁ ?/((:)tlrtg éeis’vpaizsjnfrfg %r ttg
tial plane are equivalent. The polymer matrix was formed3000 Vg ' peak-to-p g

using the two component epoxy glue Bosffikom Bostik

S.p.A,, ltaly. Its componentA is an equimolar mixture of .
Bisphenol A and epichlorohydrin, while the componenis ~ 29€ of a wave form generat6fectronix TM 503 was am-

a fatty polyamine curing agent. In all samples we used tholified by a home-built power amplifier. Its_ intensity, wave
nematic eutectic liquid-crystal mixture Effrom BDH form, and frequen_cy were constantly monitored. The peak-
Chemicals, England A small amount(3 wt %) of the deu- to-peak voltage difference was varied from 0 to 4000 V,
terated probe hexamethylbenzehg- (HMB-dyg, from which yielded an effective electric field strength between 0
Cambridge Isotopes Labs, Woblywith high melting point ~ @nd 2 Vium. , N .

and 18 equivalent deuterium atoms, yielding one NMR sig- E_ach spectrum is a superposition of two different and rec-
nal, was dissolved in the liquid crystal. The epoxy compo-C9nizable components: a more intense component from
nentsA and B were added to the nematic solution, thor- TMB-dis dissolved in the liquid-crystalline droplets and a
oughly mixed and lightly centrifuged to remove air bubbles.Wider spectrum from solid HMB#g left within the poly-
The resulting homogeneous mixture was placed between twl€rc matrix. Only the first component is of interest for our
indium-tin oxide(ITO) coated conducting glasses, where theStudy. The solid HMBd gives a slightly biaxial powder
thickness of the cell 0.7G00.005 mm was controlled using Pattern (7=0,1), about 32 kHz wide between the outer
glass spacers at the corners of the cell. Samples sealed in thgoulders(Fig. 2). o

NMR measuring cell were cured at 60 °C for 48 h. After the Increasing the §trength.of the eIectrlc_ field, normal to the
NMR experiment was finished, the cells were broken and théhagnetic field, while keeping other physical parameters con-
averaged droplet size was measured using scanning electr8if"t: NMR spectra reveal a continuous transitidroplet
microscopy(SEM). The droplet size was regulated by Chang_reo_rlentatlom In the case of nematic droplets _of average
ing the relative amount of liquid crystal. Here we descripefadius 0.4um the transition is spread over the interval be-
the case with the 34% weight concentration of E7, whichiween about 1800 \(peak-to-peakand 2500 V(peak-to-

yields an average droplet radius of Q4n. The SEM pho- peak (Fig. 2) corresponding to an effective electric field
tograph of a sample is shown in Fig. 1. from 0.9 to 1.25 V4im. The relative width of the transition

Deuterium NMR experiments were performed using awith respect to the middle value of the field is about 30%.
Bruker MSL 300 spectrometer, operating at 46.05 MHz in a  Optical microscopy of a sample with largésuprami-
7-T magnetic field. The spectra with a typical width of aboutcrometey cavities showed that the liquid-crystal structure in
10 kHz were recorded using a quadrupole echo techniqugroplets was bipolar, which confirms a planar anchoring of
(m/2-7-m/2) with pulses of Qus separated by a 40s delay. liquid-crystal molecules at the droplet boundary.

The free induction deca¢FID) for each spectrum was aver-
agi_ed 10 000 times to achieve a reasonable signal-to-noise IIl. THEORY AND RESULTS
ratio.

NMR experiments were performed while applying a  Our nematic liquid-crystal structure is described in terms
2-kHz ac voltage on the sample in the NMR coil, along aof a nematic director fielch(r). We neglect the biaxiality
direction normal to the magnetic field. A special screeningand space variation of the scalar nematic-order parameter.
was used to reduce the noise increase to approximately twideirst we calculate numerically nematic structures in various
the noise level observed without the electric field. The volt-droplets with ideal spherical shape under the influence of
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planar anchorings and electric and magnetic fields. Next we B:BR[AXB/(MOK)]UZ! 9

use these results for the approximate calculation of the direc-
tor fields and NMR spectra of nonspherical droplets.

F=—=. (10

A. Spherical geometry

. Spherlpal coor.dmaters ¢, andé are u_sed in the calcyla—. We take the bulk elastic constants for E7 from the literature
tion of director fields and corresponding free energies ”IlB]' K. =11.7%10" %2 J/m. K..—=8.8x10 2 Jm. and
. 11— . ’ 227 O ’

sph_erical ge_ome?ry. Th(_a free_ energy of a nematic liquid (.:rysk33: 19.5x 10 2 J/m and we set the effective elastic con-
e e 0 5 U S251C sttt her average Vel 13.3610 I . The g
chori'ng engrgy' ' netic susceptibility anisotropy of E7 i4 yg=1.37x10°

[19], thus we obtain the magnitude of the dimensionless

magnetic field:B8~0.8. In the present calculations the mag-
sz fedv+f fE,BdV+f fdS. (1) netic field is kept at this value, while the electric field is
varied.
The bulk Frank-Oseen free energy density is a sum of elastic We express the nematic director in terms of two angles:
deformation energy terms with different symmetries: nematic polar angl€) and nematic azimuthal angig. Both
are functions of spherical coordinate®:=Q(p,8,$) and
fo=2[K11(V-n)2+Kyy(n-VXN)2+ Kgy(NX VX N)2 ¥=V¥(p,0,¢). The form of the nematic director in Carte-
sian coordinates ia= (sinQdcos¥,sin(hsin¥,cod}). The po-
—K2V-(nXVXn+nV-n)], (20 lar angleQ is the angle between the nematic director and the

z axis, while the azimuthal angh is the angle between the

whereK,, Ka;, andKg; are splay, twist, and bend elastic qiaction of the nematic director on the,¢) plane and the
constants, respectively, arith, is the saddle-splay elastic , ovis

constant. To make our discussion as simple as possible we Minimizing the free energy with respect 8 and ¥
omit the Ky (splay-bengl term and we use the approxima- yjelqs a coupled set of two partial differential equations,
tion of equal bulk elastic constantsy;=Kz=K33=K. The  \yhich is solved by a relaxation method. A more detailed
saddle-splay elastic constant is allowed to vary. description of this procedure will be given elsewhere. In the
The field energy density is presence of a single field, say the magnetic field, the possible
solution of the minimization problem is a bipolar structure
feg=— %eoAXE(E‘ n)2— %AXB(B' n)2, (3)  [6,20 with cylindrical symmetry around the field direction.
Mo The bipolar structure with the symmetry axis parallel to the
) _ _ z axis is thus defined by the nematic polar an§ép, 6),
whereA yg andA yg are the anisotropies of elastic and mag-yhile for the nematic azimuthal angle we haVe= ¢.
r)etic susc_eptibilities, respectively. In our case they are posi- The resulting free energy and NMR spectra are calculated
tive. In this paper we focus our attention on the case wher@y nherforming numerical integration. We take the natural
the electric field is perpendicular to the NMR magnetic field.\yigth of the NMR lines 0.1 in units of frequency, where the
Optical microscopy indicates planar anchoring. With theyyg peaks of the bulk nematic, parallel to the NMR magnetic
lack of additional information we assume that it is degener-ﬁe|d1 are at the frequencies1. This choice of the theoreti-
ate homogeneougéwhere all the directions in the surface .51 NMR linewidth is based on the experimental NMR spec-
plane are energetically equivalgnso that the surface free {,m of a bulk sample where peaks at frequencies kHz
energy density can be described by a Rapini-Papoular formaye 5 0.5-kHz width at half height. The calculated spectra
[17]: are mostly normalized to give a unit area under the curves.
(o1 20’ We have found that varying the saddle-splay elastic con-
s= 2 Wsinme'. (4) stantkC,, from 0 to 2 has a negligible influence on our struc-
tures. ThusC,, is unimportant in our further discussion. We
have not made any calculations for larger values of saddle-
)§play elastic constant since such cases are not reported in the
literature.
In the case of dimensionless anchoring strengths of the
der 5 or more, the fieldgelectric and magnetjcof the
order 1 have no influence on the nematic director field, other
; than turning the bipolar symmetry axis. On the other hand,
p=—, (5)  for smaller anchoring strengths the nematic director field is
R almost alignedweak anchoring limit of a bipolar structyre
and the direction of the nematic field is again determined by

W, is the polar anchoring strength am is the angle be-
tween the nematic director and its projection on the boundar
plane.

It is convenient to introduce dimensionle§seduced”)
guantities for radius, elastic constants, fields, and anchoringr
strength:

K24=K24/K, (6)  the field. Thus the symmetric bipolar structure is an excellent
approximation. Figure 3 shows equilibrium nematic director
Wo=RWy/K, (7)  fields in the central cross-section plane of droplets for differ-

ent values of anchoring strength. The dependence of the free
E=ER(€oAxe/K)¥?, (8)  energy on anchoring strength is shown in Fig. 4.
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energy (F;=F.+Fs) of the nematic bipolar structure as functions
of dimensionless anchoring strengih, for spherical droplets in
zero fields. The dashed line indicates a strong anchoring limit of the
FIG. 3. Nematic zero field bipolar structures for different valuesge energy. The dotted line indicates the free energy of aligned
of dimensionless anchoring strength?,=10 (a), 20 (b), 30 (¢),  nematic director field. The total free energy is proportional to the
and> (d). effective anchoring strengtleq. (14)].

The direction of the bipolar axis for given magnitudes and  |\qtead of solving minimization equations for deformed
directions of the field& andB is the same as the direction of droplets[21,29 we will be able to use an approximate de-

the nematic director would be in bulk samples. If the anglegcrjnion. we first consider a single droplet and evaluate the

between the fields is 90°, the bipolar axis is parallel to th§qence of the droplet deformation on the nematic director
stronger field. Keeping the magnetic field constant, whilege|y for the chosere andc direction. The deformation has

increasing the electric field, there is a discontinuous Jump Ny, effects on nematic directofi) it changes slightly the
the nematic director field and NMR spectra at the pointyemasic director field without turning the bipolar axir
&=B. The bipolar axis turns towards the electric field direc-;,ciance ife>0 cis parallel toB, andE=0). (ii) It tends to

tion at the transition point and the line splitting in NMR . the nematic bipolar axis, competing with magnetic and
spectra reduces to half the value. In the cases where the anglg, i field

between the electric and magnetic field is different from Choosing a simple example with strong anchoring and

90°, the orientation of the bipolar axis is again equal 10 th&g|atively strong droplet deformationr&=0.2) we show that
orientation of the homogeneous nematic director in a COIMefea influence of the mechanisf) on NMR spectra is neg-

sponding bulk sample. ligible in comparition with the mechanisfii). We consider
) the case where the axis is parallel to the magnetic field
B. Nonspherical geometry with B=1. We transform the nematic directotto the one in

Deformed droplets are modeled by rotationally symmetricthe deformed droplet’ using the following transformation:
ellipsoids(oblate or elongatedWe assume constant volume
of all droplets, thus half-axes measured in units of radius of ny(ax,ay,cz)=any(x,y,z)/D, (123
nondeformed spheres are selected by the conditfar=1.
To describe the deformation we assume a uniform distribu-
tion of the directions of the ellipsoid symmetry axigxis in
space. The value of the symmetry half-axis can be written as
c=1+¢, wheree is degree of deformation. Moreover, we nj(ax,ay,cz)=cnyx,y,z)/D, (129
assume a Gaussian distribution of deformations:

ny(ax,ay,cz)=any(x,y,z)/D, (12b

whereD = \a*(n,*+n,?) +¢°n,” is a normalization param-
P(e)= 1 o420 (11) eter. The above transformation preserves the tangential mo-
o\2m ' lecular orientation at the droplet boundary. After transform-
ing n we numerically calculate NMR spectra for ellipsoidal
where o characterizes its width. In our calculations we takedroplets. Adding together spectra for different valuesepf
o to be at most 0.2, so that there is always a negligiblewith the weights according to E¢L1) and the assumption of
probability for the meaningless range< —1. a random distribution ot axes, we get a resulting NMR
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TABLE |. The dependence dfVe; andP on W,.

=

W, Wi P (€=0.15) BIPOLAR
AXIS

10 2.0 0.85

20 25 0.95

30 27 0.99

40 2.9 1.02

50 2.95 1.03 2

oc 35 1.12 B

m|

spectrum. The difference between this spectrum and the
spectrum from undeformed spherical droplet is found to be

negligible. _ _ FIG. 5. An example of different directions of the fielés B,
Recognizing that the _mﬂu_enc;e pf the droplet deformationyngp, and the equilibrium direction of the bipolar axis. The direc-
on the nematic director field is similar to the effect of anotherioy field on the droplet surface for strong anchoring is sketched by

field we introduce a deformation field as an approximate dashed lines.
description of this effect. To achieve this we estimate the

dependence of the total droplet free energy on the angle gydy the orientation of the bipolar axis due to the deforma-
between the bipolar axis and teaxis (with no electric and  tjon of the droplet we need only the third term in Ea3).

magnetic field. First we calculate the free energy of the The geformation field is parallel to the ellipsoidabxis and
aligned nematic director field as a function Wf,, €, and s dimensionless magnitude is given by

w. The aligned structure is not the one with minimal free
energy, but the calculation of its free energy gives us insight

into the influence of the droplet deformation on the nematic 5

director field direction. The free energy of such an aligned P=\EWelel. (15
director field consists only of the surface contribution. Ex-

panding the surface free energy density in powerg ahd Some values of the effective anchoring strength and of the

keeping only constant and linear terms we obtain an approxieorresponding deformation field for=0.15 for different
mate analytical expression for the dimensionless surface freglues of polar anchoring strength are listed in Table I. We

energy: see that even for infinite anchoring strength and relatively
strong deformation the deformation field is relatively 16of
Y 4 the order 1.
ey ae In summary, we have three fielés B, andP, which tend
Fs= 3 1+ 5 (1-3codw) |. (13 to reorient the bipolar axig=ig. 5), but nevertheless they are

two weak to significantly modify the bipolar nematic struc-

The first term corresponds to the surface free energy ofure, which is predominantly determined entirely by the an-
the aligned nematic director field in a spherical droplet. Thechoring strength. This enables us to approximately determine
energy dependence on the anglecan be seen in the third the orientatioreg of the bipolar axis by a minimization of a
term with co$w, which has the same form as the electric orsimple free energy of the fields:
magnetic free energy of an aligned nematic director field. To
estimate the free energy of a deformed bipolar droplet, we
keep the form(13), except that we correct the expression by 1
introducing an “effective” anchoring strengthV instead F=3[—E(ec-egp)’— B*(3-€3p)° = P*(€p-€5p)°],
of real anchoringly,. To find We; we take a particular
anchoring strength/, and calculate the equilibrium free en- o . .
ergy Foq of the bipolar structure in a spherical droplet. The Wheréee, €, andey are directions of electric, magnetic,
value of the anchoring strengt. is defined so that it @nd deformation field, respectively. ,
yields the same free energy in the case of aligned nematic 1he free energy of thé field contribution can have, in

director (Fig. 4). Thus W, is given by the equation contrast to the electric and magnetic energy, either sign, be-
¢ cause it is proportional te. This can be easily understood: if

€>0, the ellipsoid is elongated—the surface of such an el-
Feq= 2T Werl3. (14 lipsoid is on the average more parallel to thexis than to

any other direction. Therefore the nematic director tends to
The effective anchoring strength is thus proportional to theorient parallel to the axis. Fore<0 the opposite is true—
total free energy of a nematic bipolar structure, which isthe ellipsoid is oblate, so the nematic director tends to orient
shown in Fig. 4. Some values of the anchoring strength angerpendicular to the axis. After the determination of the
of the corresponding effective anchoring strengths are showaquilibrium bipolar axis direction with respect to the mag-
in Table I. In addition, we suppose that for small deforma-netic field we can calculate the expected NMR spectrum. We
tion of droplets(small €) Eq. (13) with the substitution take the same natural width of NMR lines and normalization
Wy— We Satisfactorily describes deformed droplets. Tocondition as in the case of spherical geometry.

(16)
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FIG. 6. The influence of the anchoring strength and deformation distribution width on calculated spectra for zero electric field. The
bipolar axis is parallel to the magnetic NMR field of strendftk 0.8. The values o¥V, are 10(a), 30 (b), and 50(c), while the values of
o are 0(solid lineg, 0.1 (dashed lines 0.15(dashed-dotted lingsand 0.2(dotted lineg. Both frequency and intensityl are dimensionless
variables.l is normalized to give the unit area under the curves.

Keeping the electric and magnetic fields constant, we av- IV. COMPARISON BETWEEN EXPERIMENTAL
erage spectra over differeat using Gaussian weightd1) AND THEORETICAL NMR SPECTRA

and over d|fferent. Q|re§:t|ons of the axis (equal weights Experimental spectra reveal a continuous transition at
The induced transition in the shape of NMR spectrum occurg._ 3 tor perpendicular fields, in contradiction to the discon-
ring when¢& passes the poirf=5 is studied depending on in,ous theoretical transition for spherical droplets. Accord-
the distribution widtho. Dimensionless anchoring strength ing to the above discussion we suggest that the possible
and droplet deformation distribution are varied to give themechanism for finite transition width is due to the distribu-
best agreement between experimental and theoretical resultfon of nonideal spherical shapes of nematic droplets in the
The frequency used in calculated spectfiigs. 6 and Yis  polymer matrix. We estimate the value of anchoring strength
normalized with respect to the frequency of the peaks in bulland deformation distribution width by comparing the calcu-
nematic spectrum of a sample with nematic director parallelated and experimental spectra fB=0. We subtract the

to the NMR magnetic field. background from the experimental spectra to achieve accu-
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TABLE II. The experimental and theoretical WW,=30,
0 1600V, 1800V, 1900V, | 0=0.15) NMR spectral parameters.
Parameter Experiment Theory
R1 0.15 0.145
J J L R, 0.2 0.24
J L L Rs 0.3 0.39
sEag e R4 0.50 0.51
2000V, 2050 V, . . . . . .
1990 Yoy 1980 Voq PP PP We estimate the deformation distribution using the SEM
picture of the sample. The cross section of an ellipsoid with
a plane is an ellipse. Spatial distribution of ellipsoids with
variablec axis length and direction involves a planar distri-
bution of ellipses in the cutoff plane. Measuring the ratio
i L J L o L between the long and short axis lengths of the ellipses in the

SEM photograph reveals a Gaussian distribution of deforma-
between experimental and calculated spectra reveals that the
L rather than by other mechanisms, such as memory effects
FIG. 7. The dependence of calculated NMR spectra on the madf@king W,=30 and 0=0.15) for nonzero electric field.
taken into accoun®V,= 30, o= 0.15. Both variables frequency and The electric field induced transition of the spectra supports
tion was chosen to enable direct comparison to the experimentaomparing experimental and theoretical spectra we can also
rate comparison. The presence of a significant central part iearly three times larger. This discrepancy can be explained
the inner lines is half the distance between the outer linesection, respectivelyand is expected to differ considerably
tra we focus our attention on the following parameté®s:  matrix. These effects result in a differefand also inhomo-
central part of spectra to the height of the lin®s; the ratio  electric contribution to the free energy. Using the typical
separation of outer lines. smaller than the electric contribution in E®) in the case
to a smaller extent by the anchoring stren¢fiig. 6. The  E=60%E,, where E, is undistorted electric field in the
theoretical ratiosR, and R3 strongly depend on anchoring tool to estimate the actual electric field in nematic droplets
6). The best agreement between the experiment and theory is V. CONCLUSION
+0.01. Table Il shows a good agreement between experin a polymer matrix by studying NMR spectra of a PDLC

tions with the widtho=0.15+0.02. This is in very good
2100V, 2200V, 2500V, 3000V, agreement with the theoretical prediction. Good agreement
tangential alignment of liquid-crystal molecules at the drop-
U let boundary is mainly governed by planar surface anchoring,
induced during the polymerization procd&s].
.

Next we compare the experimental and theoretical spectra
nitude of the applied electric field, perpendicular to the magnetict Nere is a good agreement in the shapes of spectra and also
field, if a distribution of the deformations of spherical droplets is in the relative electric field transition widttFigs. 2 and 7.
intensity are dimensionless. The intensity is normalized to give théhe estimation of the values of anchoring strength and defor-
same height of higher lines in all spectra. This kind of normaliza-mation width, obtained from the zero field spectrum. By
spectra in Fig. 2. calculate the value of the unknown dielectric anisotropy:

Axg~5. The value ofA yg from the literature is 13.819],
the spectra indicates that), and o are rather large. The as follows. The dielectric constant of the liquid crystal E7 is
experimental spectrum has four lines. The distance betwedgrge (19 and 5.2 for the long and short molecular axis di-
which are much higher then the inner lines for zero electriGrom the polymer matrix dielectric constant. Other electric
field (Fig. 2). To compare experimental and theoretical speceffects may also appear, such as conductivity of the polymer
the ratio between the width of the lines to the separatioyeneouselectric field in the nematic droplets in comparison
between the linesR,: the ratio between the height of the to the outside field22]. We made an estimation of the flexo-
between the height of inner lines to the height of outer linesyalue for flexoelectric coefficientse(;=e;3~10"1* A s/m),
R,: the ratio between the separation of inner lines to thaye found the flexoelectric field energy to be about five times

The width of the theoretical lines is mainly governed by E=2 V/um. Using the value ,¢=13.8 we obtain the av-

the natural width and the deformation distribution width anderage electric field in the droplets from Eq@):
experimental NMR spectrum in droplets reveals a threeNMR cell without the sample. Measurement of the electric
times larger line width in comparison to the bulk value. Thefield induced transition in NMR spectra is therefore a useful
strength and deformation distribution width, while the ratioinside the polymer matrix.
R4 varies only slightly R,~0.5 as in the experimentFig.
obtained for W,=30x5 [the corresponding anchoring
strength is about (£0.15)x10° % J/m?] and 0=0.15 We investigated the deformation of liquid-crystal droplets
mental and theoretical parameters of the NMR spectra fosample. In addition to the fixed NMR magnetic field, a vari-
W,=30 ando=0.15. able perpendicular electric field was applied. The droplet de-
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formation results in a broad continuous transition in NMR caused by deformation of spherical droplet shapes into ran-
spectra upon increasing the electric field. The value of thelomly oriented rotational ellipsoids.

planar anchoring strength was estimated to be

W,=(1£0.15)x 102 J/m?. The distribution width of drop- ACKNOWLEDGMENTS
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