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BEHAVIOR OF INCLUSIONS WITH DIFFERENT VALUEAND ORIENTATION OF TOPOLOGICAL DIPOLESIN FERROELECTRIC SMECTIC FILMSP. V. Dolganov a*, V. K. Dolganov a, P. Cluzeau baInstitute of Solid State Physi
s, Russian A
ademy of S
ien
es142432, Chernogolovka, Mos
ow Region, RussiabUniversité Bordeaux I, Centre de Re
her
he Paul Pas
al, CNRS33600, Pessa
, Fran
eRe
eived February 24, 2009Cholesteri
 droplets in ferroele
tri
 free-standing �lms with tunable an
horing on the droplet boundary are in-vestigated. A droplet and satellite topologi
al defe
t(s) form a topologi
al dipole. We obtained droplets withdi�erent angles � between two radial lines from the droplet 
enter to �1=2 topologi
al defe
ts. Droplets withparallel dipoles form linear 
hains in whi
h the interparti
le distan
es de
rease with in
reasing the defe
t angle�. For the �rst time, the dependen
e of the interparti
le distan
e on the angle between topologi
al defe
tswas measured. We 
an adjust the magnitude and orientation of topologi
al dipoles formed by the droplets.For the �rst time, the droplets with antiparallel topologi
al dipoles were prepared in a sme
ti
 �lm. Intera
tionof the droplets with parallel and antiparallel dipoles di�ers drasti
ally. Formation of antiparallel dipoles leadsto a de
omposition of the droplet pairs and 
hains of droplets. Our observations may be used to 
hange themagnitude, anisotropy of the interparti
le intera
tion, and stru
tures from in
lusions in liquid 
rystal media.PACS: 61.30.Jf, 61.30.Gd, 81.16.Dn1. INTRODUCTIONSelf-organization of in
lusions in liquid 
rystals [1�3℄ opens new possibilities in engineering of mi
rostru
-tures in 
ondensed matter [1�5℄. In
lusions intera
tvia the elasti
 deformation of liquid 
rystal host me-dia [1�3; 6�10℄. Deformation of the liquid 
rystal o
-
urs due to a �xed orientation of mole
ules at thein
lusion boundary. The an
horing 
onditions deter-mine the anisotropy, strength of the interparti
le in-tera
tion, and stru
tures formed by the in
lusions. Itwas found re
ently [11; 12℄ that the 
hirality of the liq-uid 
rystal may drasti
ally 
hange the position of thetopologi
al defe
ts and mole
ular orientation on theboundary of droplets embedded in free-standing sme
-ti
 �lms [13; 14℄. This result demonstrates that bothintera
tion and organization of in
lusions 
an be 
on-trollable.Sme
ti
 layers in free-standing �lms are parallel to*E-mail: pauldol�issp.a
.ru

the free surfa
es. Every layer is a two-dimensional (2D)ordered liquid. In the ferroele
tri
 sme
ti
-C� (SmC�)phase [15℄, the nemati
 dire
tor n [15℄ is tilted withrespe
t to the layer normal. The proje
tions of n ontothe sme
ti
 layer planes form a 2D �eld of mole
ularorientation or the so-
alled 
-dire
tor �eld. The layerferroele
tri
 polarization P is perpendi
ular to the tiltplane. In the SmC� �lms, droplets nu
leate with pla-nar an
horing [16℄, i.e., the 
-dire
tor �eld near thedroplets orients parallel to the droplet boundary. Adroplet with strong an
horing is equivalent to a topo-logi
al defe
t with the topologi
al 
harge S = +1 [6℄.To preserve the topologi
al neutrality of the system,the droplet nu
leates with the a

ompanying topologi-
al defe
t bearing the topologi
al 
harge S = �1. Thedroplet and the defe
t with topologi
al 
harges of op-posite sign form a topologi
al dipole. For many yearsonly dipolar in
lusions with S = �1 topologi
al defe
tsand parallel dipole orientation were observed in ferro-ele
tri
 �lms. Their intera
tion and self-assembly havebeen investigated. No pro
edures for preparing dipolar197
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lusions of other types and in
lusions with antiparal-lel dipoles have been reported.In this paper, the dipolar droplets both with oneS = �1 and with two S = �1=2 defe
ts, with paral-lel and antiparallel orientation of topologi
al dipoles,are obtained. The investigations were performed ona pure 
hiral 
ompound and on its mixture with ra
e-mate. In polar �lms, interparti
le intera
tion is manip-ulated by 
hanging the temperature, polarization, anddroplet size. In a material with a �xed handedness,droplets with the opposite 
-dire
tor rotation aroundthe droplet were obtained. Droplets with parallel topo-logi
al dipoles are attra
ted in the dire
tion parallel totheir dipoles and form droplet 
hains. Droplets withantiparallel topologi
al dipoles are attra
ted in a per-pendi
ular dire
tion. The interparti
le distan
es in the
hains formed by droplets de
rease with in
reasing thedefe
t angle between two S = �1=2 topologi
al defe
ts.2. EXPERIMENTMost experiments were 
arried out on free-standing�lms of 
hiral S-40-unde
yloxybiphenyl-4yl 4-(methyl-heptyloxy)benzoate (11BSMHOB) forming the ferro-ele
tri
 SmC� phase [17℄. Some measurements weremade on a mixture of 
hiral 11BSMHOB (25% wt)with ra
emi
 11BSMHOB. Free-standing �lms wereprepared by drawing a small amount of the 
ompoundin the SmC� phase a
ross a 
ir
ular hole (4 mm in di-ameter) in a thin glass plate. The �lm thi
kness L wasdetermined from the opti
al re�e
tivity in �ba
kward�geometry [13℄. In thi
k �lms, 
holesteri
 droplets nu-
leate in the vi
inity of the bulk sme
ti
�
holesteri
transition temperature TC . In thin �lms (L < 50 nm),the nu
leation is shifted to higher temperatures. BelowTC , the droplets are transformed into sme
ti
 islandswhose thi
kness is larger than the thi
kness of the �lm.The droplets and the textures of the �lm were observedusing an opti
al mi
ros
ope in re�e
tion mode. Obser-vations between 
rossed polarizers (polarized re�e
tedlight mi
ros
opy, PRLM) and in depolarized re�e
tedlight mi
ros
opy (DRLM) [18℄ allow determining theorientation of the 
-dire
tor in the �lms.3. RESULTS AND DISCUSSIONFigure 1a shows a droplet at a low temperature.Near the temperature of the transition of the 
holesteri
phase in the droplets to the sme
ti
 phase, the dropletshave one S = �1 topologi
al defe
t on their boundary.The orientation of the 
-dire
tor �eld on the bound-
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a

cFig. 1. Reorientation of an S = �1 topologi
al defe
tto the opposite side of the droplet. The S = �1 topo-logi
al defe
t (a) disso
iates in two S = �1=2 topolog-i
al defe
ts (b). They move in opposite dire
tions overthe droplet boundary and join into an S = �1 defe
ton the opposite side of the droplet (
). The positions oftopologi
al defe
ts are shown with white arrows in (a),(b), and (
). Solid arrows in (d), (e), and (f) show thetopologi
al dipole moments. S and SV are the topo-logi
al 
harges of real and virtual defe
ts. The whiteline in the lower left part of (
) shows the orientationof the 
-dire
tor in the dark regions. � is the angle be-tween topologi
al defe
ts. The photographs were takenin DRLMary of the droplet is planar. It was found re
entlythat the dire
tion of the 
-dire
tor orientation on thedroplet boundary 
an be 
hanged [11℄. On heating,the S = �1 satellite surfa
e defe
t (Fig. 1a) may splitinto two S = �1=2 defe
ts (Fig. 1b) moving over thedroplet boundary in opposite dire
tions. The movingS = �1=2 defe
ts rotate the 
-dire
tor �eld on thedroplet boundary by 180Æ. In relatively thi
k �lms(L > 30 nm), S = �1=2 defe
ts join on the oppositeside of the droplet and again form a dipolar dropletwith one S = �1 topologi
al defe
t (Fig. 1
). By
hanging temperature, droplets with di�erent defe
tangles � between the S = �1=2 defe
ts, seen from thedroplet 
enter, 
an be obtained.A

ording to the ele
tromagneti
 analogy [6℄, adroplet with strong an
horing for the 
-dire
tor 
anbe regarded as a set of real and virtual topologi
al de-fe
ts. If a real S = �1 defe
t is lo
ated in the sme
ti
�lm, the virtual defe
t is the image of the real S = �1defe
t. A droplet with an S = �1 defe
t on the droplet198
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lusions with di�erent value : : :boundary is equivalent to a real S = �1 defe
t, a vir-tual SV = �1 defe
t at the lo
ation of the S = �1defe
t, and a virtual SV = +2 defe
t in the 
enter ofthe droplet (Fig. 1d). For the droplet in Fig. 1b, twovirtual SV = �1=2 defe
ts should be added at the lo
a-tions of real S = �1=2 defe
ts and a virtual SV = +2defe
t should be pla
ed in the 
enter of the droplet(Fig. 1e). The topologi
al dipole moment of the dropletis d =PSiri, where the strengths Si of both real andvirtual topologi
al defe
ts are taken into a

ount, andri are the positions of real and virtual defe
ts. In adipolar droplet with an S = �1 defe
t, the topologi
aldipole d equals d = 2R, where R is the droplet radius.The dipole moment ve
tor orients from the point de-fe
t to the droplet 
enter (Fig. 1d). After splitting theS = �1 defe
t in two S = �1=2 defe
ts, the dipolemoment be
omes d = 2R 
os�=2. The dipole momentde
reases when defe
ts with S = �1=2 move over thedroplet boundary (Fig. 1b,e), passes through zero at� = � (quadrupolar 
on�guration), and then 
hangesits dire
tion to the opposite (Fig. 1f).We �rst 
onsider the 
ause of the formation of oneS = �1 or two S = �1=2 defe
ts and their motion overthe droplet boundary. Starting from paper [6℄, onlyquadrati
 elasti
ity was 
onsidered in des
ribing the 
-dire
tor 
on�guration near the droplet. In 
hiral SmC��lms, the energy of the system F = Fq + Fl in
ludesthe quadrati
 (Fq) and linear (Fl) elasti
ity [19�21℄,Fq = 12K Z �(r � 
)2 + (r� 
)2� dx dy dz; (1)Fl = 12K� Z (r� 
)z dx dy dz; (2)where splay KS and bend KB elasti
 
onstants are as-sumed equal (KS = KB = K, the one-
onstant ap-proximation). The term (r � 
)z has opposite signfor 
lo
kwise and 
ounter
lo
kwise rotation of the 
-dire
tor. Linear elasti
ity is the reason for the di�er-ent position of the topologi
al defe
ts on the dropletboundary [16℄.Position of the topologi
al defe
t on the bound-ary of a 
ir
ular in
lusion (Fig. 2a,b) was 
al
ulatedin [22; 23℄ with both quadrati
 and linear elasti
ity ofthe �lm taken into a

ount. The energy of the topolog-i
al defe
t is proportional to the square of its strengthS2. The elasti
 energy Fq favors the formation of twoS = �1=2 defe
ts with a large distan
e between them,� = � (quadrupolar 
on�guration). But the linear elas-ti
ity favors another 
on�guration, be
ause the energyFl has opposite signs for 
lo
kwise and 
ounter
lo
k-wise rotations of the 
-dire
tor around the in
lusion.
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d�fi �fm�md

Menis
us
Menis
usDropletIn
lusionFig. 2. S
hemati
 representation of the in
lusion stru
-ture in a sme
ti
 �lm. Figs. a and b show an in
lusionwith a simple stru
ture. � is the angle between topo-logi
al defe
ts. �fi is the boundary between the �lmand the in
lusion. Figs. 
 and d represent a droplet withmenis
us and surfa
e sme
ti
 layers. L is the thi
knessof the �lm, �fm is the boundary between the �lm andthe menis
us, �md is the boundary between the menis-
us and the droplet, and � is the 
orrelation length ofsurfa
e sme
ti
 orderingThe free energy Fl is a total derivative and 
an be ex-pressed as an integral over the outer boundary �0 ofthe �lm and the inner 
ontour �fi between the �lmand the in
lusionFl = K�2 Z�0+�fi dl � 
 dz:We 
onsider the 
ase whereZ�0 dl � 
is independent of the position of the topologi
al defe
tson the droplet boundary, for instan
e, the uniform ori-entation of the 
-dire
tor far away from droplet, thatis, Z�0 dl � 
 = 0:An in
lusion with a single boundary between the �lmand the in
lusion was 
onsidered in [22; 23℄ (Fig. 2a,b).In this 
ase, the energy of the �lm due to the linear elas-ti
ity is Flf = K�LR(�� �). This equation is writtenfor 
ounter
lo
kwise rotation of the 
-dire
tor along thein
lusion boundary outside the defe
t angle. For def-initeness, we 
onsider � > 0. The elasti
 energy Flf199



P. V. Dolganov, V. K. Dolganov, P. Cluzeau ÆÝÒÔ, òîì 136, âûï. 1 (7), 2009favors the dipolar 
on�guration (� = 0), whereas Fq fa-vors the quadrupolar 
on�guration (� = �). The 
om-petition between quadrati
 (Fq) and linear (Fl) elasti
-ity 
an lead to an intermediate position of topologi
aldefe
ts, 0 < � < � [22; 23℄. In this model, the behav-ior of topologi
al defe
ts is independent of the interiorin
lusion stru
ture. This 
ase 
an be realized for solidin
lusions at high temperature when the menis
us be-tween the in
lusion and the �lm is small and only theenergy of the free-standing �lm 
an be taken into a
-
ount.The stru
ture of the droplets is not so simple asshown in Fig. 2a,b and the behavior of the droplets inthe �lm depends on their internal stru
ture. In par-ti
ular, the droplet boundary is en
ir
led by a menis-
us (Fig. 2
,d) with the thi
kness larger than the sur-rounding �lm. Surfa
e ordering leads to the forma-tion of sme
ti
 layers on the surfa
e of the droplet.Their thi
kness is determined by the sme
ti
 
orrela-tion length � [14℄. The elasti
 energy of the dropletand the menis
us lead to an additional 
ompetition be-tween the energy of the �lm and the droplet [12℄. Forthe 
on�guration 
orresponding to negative elasti
 en-ergy Flf < 0 of the whole �lm, (r � 
)z > 0 in someregion around the droplet. On a 
ertain part of thedroplet boundary, the 
-dire
tor rotates in the dire
-tion (
ounter
lo
kwise in Fig. 2d) opposite to the fa-vorable 
-dire
tor rotation due to the linear elasti
ity((r� 
)z < 0 for 
lo
kwise rotation). The dire
tion ofthe 
 rotation outside the droplet is transmitted to the
-dire
tor rotation in the menis
us and to the surfa
esme
ti
 layers in the droplet (Fig. 2d). The 
ompetitionbetween the energies of quadrati
 elasti
ity Fq and thelinear elasti
ity of the �lm Flf , the droplet Fld, andthe menis
us Flm leads to 
omplex droplet behaviordepending on the temperature, 
hirality, and dropletsize. The position of the topologi
al defe
ts (i.e., theangle �) and 
onsequently the interparti
le intera
tiondepends on the linear elasti
ity �, the size of the in-
lusion R and the menis
us, and the sme
ti
 
orrela-tion length �. In turn, the sme
ti
 
orrelation length� depends on temperatute. The size of the menis
usdepends on the temperature and �lm thi
kness. In our
ase, the surfa
e an
horing energy W [11; 24℄ is su�-
iently large to di
tate the planar 
-dire
tor orienta-tion on the droplet boundary outside the topologi
aldefe
t. However, 
ompetition between quadrati
 andlinear elasti
ity leads to a 180Æ-
hange of the 
-dire
tororientation in the 
ore of the topologi
al defe
t upon itsmoving. After the reorientation, the 
-dire
tor remainsplanar. Therefore, using droplets of di�erent sizes and
hanging the 
hirality, temperature, and �lm thi
kness,

droplets with di�erent defe
t angle �, with the paralleland antiparallel topologi
al dipole orientation, 
an beprepared in sme
ti
 �lms.3.1. In
lusions with parallel topologi
al dipolesIntera
tion between in
lusions at both large andsmall distan
es depends on the defe
t angle �. A
-
ording to theory [6℄, the in
lusions intera
t viathe elasti
 deformation of the 
-dire
tor �eld. Atlarge distan
es, two droplets intera
t as dipoles withthe topologi
al moments d1 = 2R1 
os�1=2 andd2 = 2R2 
os�2=2. The pair dipolar intera
tion energyEd is given by [6; 25℄Ed = �2�Kd1d2R2 
os 2'; (3)where ' is the angle between the topologi
al momentof one of the droplets and the dire
tion to the otherdroplet. The sign of the energy depends on the rela-tive orientation of the topologi
al dipoles (the minussign for parallel dipoles and the plus sign for antipar-allel dipoles in Eq. (3)). In what follows, we adopt thenotation in Ref. [26℄ and 
all the droplets with the lineof droplet 
enters parallel (' = 0) and perpendi
ular(' = 90Æ) to the topologi
al dipole, respe
tively, thelongitudinal and lateral droplets.Figure 3 shows the pro
ess of 
haining of longitudi-nal droplets with parallel topologi
al dipoles. They areattra
ted at large separations. At small separations,the intera
tion be
omes repulsive. The droplets form astraight 
hain oriented perpendi
ular to the dire
tionof the far-�eld 
-dire
tor. The defe
ts lie between thedroplets and prevent the droplets from 
oales
en
e. Weobserved that droplets with a defe
t angle � < 60Æ formline 
hains. Figure 4 shows the interdroplet spa
ing in
hains versus the defe
t angle �. As the defe
t angle in-
reases, the repulsive intera
tion between the dropletsde
reases and the droplets approa
h ea
h other. There-fore, by 
hanging the position of the topologi
al defe
ts,we are able to 
hange the intera
tion of the droplets atlarge and small separations.3.2. In
lusions with antiparallel topologi
aldipolesWe found that the temperature TR of the reorien-tation of topologi
al defe
ts (Fig. 1) depends on thedroplet size. Topologi
al defe
ts in larger droplets re-orient at higher temperature. In a temperature interval�TR that depends on the �lm thi
kness, we obtaineddroplets with the antiparallel dipole orientation. Fig-ure 5a shows the droplets at low temperature. Their200
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h other and form a stable line
hain. Photos b and 
 were made in 32s and 50s afterphoto a
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e in 
hains de
reaseswith in
reasing the defe
t angle �; l is the distan
e be-tween droplet 
enters and D is the droplet diametertopologi
al dipoles are oriented parallel to ea
h other.Figure 5b shows the droplets of di�erent size. Onheating, reorientation o

urred in the smaller droplet(Fig. 5b), and its topologi
al defe
t oriented in the di-re
tion opposite to that at low temperature. In thelarger droplet, the orientation of the defe
t and the
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bFig. 5. Cholesteri
 droplets in SmC� �lms. (a) Topo-logi
al dipoles asso
iated with the droplets orient inthe same dire
tion. (b) Topologi
al dipoles asso
iatedwith the droplets orient in antiparallel dire
tions. Thephotographs were taken in DRLM. The white line inb shows the orientation of the 
-dire
tor in the darkregions
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dFig. 6. Lateral dipolar droplets with antiparallel topo-logi
al dipole moments (a) attra
t and approa
h ea
hother (b). Pi
tures a and b show the droplets withdefe
ts on the boundaries of the droplets. Frame 
shows droplets with a defe
t on the boundary of thedroplet (the larger droplet) and a defe
t in the bulk.The droplets attra
t, 
ome in 
onta
t with ea
h other,and 
oales
e into a single droplet. The droplet inFig. 6d was formed from two droplets in Fig. 6
. Thephotographs were taken in DRLM. The white line ind shows the orientation of the 
-dire
tor in the darkregionstopologi
al dipole remain un
hanged. This pro
edureis used to produ
e droplets with antiparallel dipoles.Lateral droplets with antiparallel topologi
aldipoles attra
t ea
h other and the separation between201
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+1 +1
+1 +1

b
a �1

�1�1
Fig. 7. S
hemati
 representation of the 
-dire
tor �eldnear droplets with parallel (a) and antiparallel (b)topologi
al dipole orientations. Droplets with paral-lel dipoles are separated by the topologi
al defe
ts thatstabilize the interparti
le distan
es. The numbers �1and+1 denote the topologi
al 
harge of the defe
ts andthe topologi
al 
harge asso
iated with the dropletsthe droplets de
reases (Fig. 6a,b). Figure 6a,b showsthe droplets with surfa
e defe
ts. On the 
ontrary,in Fig. 6
, the smaller droplet does not have anS = �1 defe
t on its boundary but is a

ompaniedby a bulk S = �1 defe
t lo
ated at some distan
efrom the droplet. In both 
ases (Fig. 6b,
), there areno defe
ts on the line 
onne
ting the droplet 
enters.The droplets 
ome in 
onta
t and 
oales
e into asingle droplet. The droplet in Fig. 6d results from the
oales
en
e of two droplets shown in Fig. 6
. We notethat the orientation of the topologi
al dipole momentof the droplet in Fig. 6d 
oin
ides with the dipolemoment of the larger droplet in Fig. 6
. The reasonis that the reorientation in larger droplets o

urs athigher temperature.Figure 7 shows a s
hemati
 representation of the
-dire
tor �eld near droplets with parallel (a) and an-tiparallel (b) topologi
al dipoles. In the 
hains formedby the droplets with parallel dipoles (Figs. 3, 7a), thedroplets are separated by topologi
al defe
ts, whi
hstabilize the 
hain stru
ture and prevent droplet 
o-

ales
en
e. For the antiparallel orientation of dipoles,the droplets are not separated by topologi
al defe
ts.The droplets do not form stable stru
tures, they attra
tea
h other, and 
oales
e.3.3. Reorientation of topologi
al defe
ts in thedroplet stru
turesThe transition of the S = �1 topologi
al defe
t tothe opposite side of the droplets o

urs not only in sin-gle droplets but also in 
hains formed by droplets. Inthe latter 
ase, the transition o

urs at approximatelythe same temperature TR as in single droplets. Behav-ior of the 
hains depends on the droplet size. If the
hain is formed by droplets of equal size, reorientationof the topologi
al defe
ts o

urs simultaneously in alldroplets. Both the de
omposition of the 
hain to sin-gle droplets and approa
h of the droplets to ea
h otherwith 
oales
en
e may o

ur. If the sizes of droplets inthe 
hain di�er, two di�erent transformations are foundon heating and 
ooling.(1) The point topologi
al defe
ts between thedroplets are lo
ated at the boundary of the largerdroplet (Fig. 8). Pairs of droplets are stable stru
turesabove (Fig. 8a) and below (Fig. 8d) the temperaturerange of the reorientation of topologi
al defe
ts.(a) On 
ooling (Fig. 8a,b,
), the transformationstarts in the larger droplet (Fig. 8b). Two S = �1=2defe
ts move along the droplet boundary as in an iso-lated droplet. But droplets with opposite dire
tions ofthe topologi
al dipoles are typi
ally not formed. Asthe defe
t angle in
reases, the droplets approa
h ea
hother (Fig. 8b). When the defe
t angle be
omes largerthan 60Æ, the two droplets, as a rule, 
oales
e into asingle droplet. The droplet in Fig. 8
 is formed fromtwo droplets in Fig. 8b.(b) On heating (Fig. 8d,e,f), the transformationstarts in the smaller droplet (Fig. 8e). Two half-defe
tsmove over the boundary of the smaller droplet and forman S = �1 surfa
e defe
t on the opposite side of thedroplet. Droplets with opposite dire
tions of the topo-logi
al dipoles are formed. Longitudinal droplets withantiparallel topologi
al dipoles repel from ea
h otherand be
ome widely separated (Fig. 8f).(2) If the point topologi
al defe
t between thedroplets is lo
ated on the surfa
e of the smaller droplet,the behavior of the droplet pairs is opposite to that de-s
ribed in item (1).(a) On 
ooling, the droplet pair breaks downinto two isolated droplets with antiparallel topologi
aldipoles.202
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al defe
ts indroplet pairs. The droplet behavior depends on whetherthe �lm is 
ooled (a�
) or heated (d�f) and on the rel-ative position of the larger and smaller in
lusions inthe 
hain. (a�
) Reorientation of the defe
ts on theboundary of the larger droplet (b) leads to 
oales
en
eof the droplets. (d�f) Reorientation of the defe
ts onthe boundary of the smaller droplet (e) leads to a de-
omposition of the pair into single droplets (f). Arrowsshow the position of S = �1=2 defe
ts on the dropletboundary during the reorientation. The photographswere taken in DRLM. The white line in d shows theorientation of the 
-dire
tor in the dark regions(b) On heating, the droplets approa
h ea
h otherand 
oales
e into a single droplet.The above experimental observations of droplet in-tera
tion are qualitatively 
onsistent with the elasti
theory of interparti
le intera
tion [6; 27℄ and dynami
simulation of droplet intera
tion [26℄.Droplets self-organize in 
hains and pairs of dropletsabove and below the temperature range of the reori-entation of topologi
al defe
ts. The behavior of the
hains during the defe
t reorientation is rather 
ompli-
ated. Droplets approa
h ea
h other if the topologi
aldefe
t between them reorients. When the defe
t anglebe
omes too large, the droplets 
oales
e. Droplets aremoving apart if the defe
t not lo
ated between themreorients. Similar behavior is observed in 
hains ofdroplets.In summary, using the reorientation of the sur-fa
e topologi
al defe
t on the droplet boundary inferroele
tri
 �lms, we prepared droplets with di�erentvalues of topologi
al dipoles, with parallel and antipar-allel orientation of topologi
al dipoles. Longitudinal

droplets with parallel dipoles attra
t one another and
ome together to form a stable line 
hain. Lateraldroplets with antiparallel dipoles attra
t, approa
h oneanother, and 
oales
e. The interparti
le distan
e inthe 
hains 
an be 
hanged essentially by 
hanging theposition of defe
ts on the droplet boundary. Changeof the value and sign of the interparti
le intera
tion
an be used for manipulation of the self-organizedstru
tures of in
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