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Supplementary Text 

Configurations of small 5CB droplets (diameters less than  6 µm) dispersed in nematic 

DSCG  

The internal configurations of 5CB droplets with diameters smaller than  6 µm are difficult to 

determine when dispersed within the DSCG films ( 60 µm in thickness) because the optical 

retardance of the DSCG (    0.02) film is comparable to or exceeds the optical retardance of 

the 5CB (    0.18) droplets with diameters less than  6 µm.  That is, the birefringence of the 

encompassing DSCG phase obscures the optical appearance of the small 5CB droplets (Fig. S3).   

We also note that nematic DSCG does not appear to adopt a twisted configuration around 5CB 

droplets less than  6 µm in diameter (in agreement with the observations of Nych et al. of the 

alignment of nematic DSCG around isotropic droplets of this size
1
).   

 

Theoretical estimates of root mean square displacement and angular deviation  

We estimated diffusion coefficients for translational (    
   

    
   0.002 µm

2
/min) and 

rotational (    
   

     
   0.05 deg

2
/min)

2
 motion of a spherical particle with R = 10    within 

nematic 15 wt% DSCG.  In making these estimates, we note that we have neglected the 

anisotropy of the viscosity of the DSCG phase, and approximated it as an isotropic medium with 

an effective viscosity (    0.7 Pa s)
3
.  Using these diffusion coefficients, we arrived at 

theoretical estimates for the root mean square displacement in two dimensions (√〈  〉  

√       0.1 µm) and the root mean square angular deviation about a single axis (√〈  〉  

√       0.3°) expected over one minute.  These values are consistent with our experimental 
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measurements that a 5CB droplet with radius R   10 µm translated at   0.5 µm/min and rotated 

at   1°/min in the absence of convective flows within the nematic DSCG phase (Fig. S4).  

 

Experimental measurement of   

To determine the angle formed between the symmetry axis of 5CB/MBBA droplets in bipolar 

configurations and the far-field nematic DSCG director ( ), we imaged the bipolar droplets (in 

crossed polar and bright field modes) with the focal plane adjusted to the midplane of the 

droplet.  ImageJ software was used to determine the radius of the droplet, the position of the 

center of the droplet, as well as the position of the projection of one of the boojums of the bipolar 

droplet on the droplet’s midplane in the bright field micrograph.  Using trigonometry, the 

locations of the boojums of the 5CB/MBBA droplet were determined from this information.  The 

orientation of the far-field director of the nematic DSCG phase was determined using the images 

obtained through crossed polars and used to determine the locations of the boojums in the DSCG 

phase at the surface of the droplets.  Through knowledge of the positions of both the DSCG and 

5CB/MBBA boojums, trigonometric relations could be employed to calculate  .   

 

Estimation of interfacial tension between 5CB and nematic DSCG phases 

Our estimate of the interfacial tension between 5CB and the aqueous DSCG phase is based on 

prior measurements of water-5CB interfacial tensions.  We believe this estimate is reasonable 

because DSCG is not amphiphilic.  Specifically, at room temperature, an interfacial tension of 

2.6   10
-2

 N/m was measured between 5CB and pure water
4
 and an interfacial tension of 6   10

-

3
 N/m was reported between 5CB and an aqueous solution containing 30 wt% CaCl2 and 1 wt% 

polyvinyl alcohol
5
.  By approximating the interfacial energy of a 5CB droplet in nematic DSCG 



4 
 

(which scales as  γR
2
) as γ   10

-3
 N/m, and for 5CB droplets of R   10 µm, we estimate the 

interfacial energy ( 10
-13

 J) to be much larger than the bulk elastic energies ( 10
-16

 J).  We note 

that if we instead used γ   10
-2

 N/m in our scaling argument, it would only serve to strengthen 

our conclusion that the interfacial energy of droplets of R   10 µm exceeds the bulk elastic 

energies. 

 

Experimental test to determine if interactions with the polyimide alignment layer influence 

droplet relaxation 

To determine if interactions involving the rubbed polyimide alignment layer contributed to the 

observed relaxation of the droplet orientations in our experiment, we applied a magnetic field 

parallel to the direction of rubbing to a dispersion of 5CB droplets in isotropic 98 wt% glycerol, 

which has a viscosity similar to nematic DSCG.  The 5CB droplets were observed to reorient in 

the magnetic field, however, we did not observe the droplets to relax to an orientation orthogonal 

to the direction of rubbing (as was observed when the continuous phase was nematic DSCG (Fig. 

3)) when the magnetic field was removed (Fig. S8).  

 

Theoretical estimation of Eaniso 

We calculated the orientation-dependent van der Waal’s interaction between two semi-infinite 

planar slabs of uniformly aligned nematic 5CB and nematic DSCG.  When the directors of both 

LCs are oriented parallel to the interface and at an angle   relative to one another, and when the 

planar LC slabs are separated from one another at a distance d across an isotropic medium, the 

anisotropic part of the van der Waal’s interaction can be evaluated as: 



5 
 

       
   

     
            

  .
6
  In this expression,    

√  
   
 (  

    
 )

   
 (√  

   
    )

 , where   
  and   

  are 

the dielectric response functions parallel and perpendicular to the LC director, respectively, 

which are related to the refractive indices of the LCs by        
  and        

 .  The dielectric 

response of the isotropic medium,   , is also related to the refractive index of the medium by 

       
 .  Employing     1.71 and     1.53 for 5CB

7
 and     1.35 and     1.37 for 

DSCG (private communication from O. Lavrentovich), we calculate          2   10
-7

       

J/m
2
 for nematic 5CB and DSCG slabs separated by a thin layer (d = 0.2 nm) of water (    

1.33).  We note that we chose d = 0.2 nm in our calculation.  However, the conclusions arising 

from our calculation are not changed by using other values of d (e.g., d = 0.5 nm).  If the two 

slabs each have a surface area equal to the interfacial area of the droplet in Fig. 3 (the diameter of 

the droplet was   24 µm), this estimate of        leads to the prediction that a change in the 

relative orientation of the nematic directors of 5CB and DSCG from     52° to     74° results in 

a lowering of the free energy of the system by   1   10
-16

 J.  This value is in close agreement 

with the value obtained (  8   10
-17

 J) via analysis of the dynamics of relaxation of the 

orientations of a 5CB droplet following removal of an applied magnetic field (Fig. 3).   
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Supplementary Figures 

 
Fig. S1 Schematic illustration of the imaging chamber used to characterize LC-in-LC emulsions. 

The double headed arrows indicate the direction of rubbing of the polyimide (PI) substrates. 
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Fig. S2 Optical micrographs (A, B, bright field) and (C, D, crossed polars) of 5CB droplets with 

diameters of (A, C) 12.4 µm and (B, D) 12.0 µm. Both boojums (indicated by arrows) of the 

bipolar droplet configurations can be observed in A and B. (E, F) Corresponding schematic 

illustrations of the director profiles within the 5CB droplets as well as in the encompassing 

nematic DSCG. Scale bars = 5 µm. 
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Fig. S3 Optical micrographs (A-C, crossed polars) and (D-F, bright field) of 5CB droplets with 

diameters of (A, D) 4.9 µm, (B, E) 5.1 µm, and (C, F) 5.4 µm dispersed within aligned regions of 

nematic DSCG. The far-field orientation of the DSCG is indicated in A-C. Scale bars = 5 µm. 
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Fig. S4 Optical micrographs (A, C, E, G, I, K, crossed polars; B, D, F, H, J, L, bright field) of a 

21.7 µm diameter nematic 5CB droplet suspended in nematic 15 wt% DSCG.  Images acquired 

after (A, B) 0 min, (C, D) 3 min, (E, F) 6 min, (G, H) 9 min, (I, J) 12 min, and (K, L) 15 min. 

The far-field orientation of the DSCG is indicated in A. Scale bars = 10 µm. 
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Fig. S5 Orientation of nematic 15 wt% DSCG near silicone oil droplets. (A-C) Optical 

micrographs (crossed polars) of silicone oil droplets with diameters of (A) 15.9 µm, (B) 21.3 

µm, and (C) 33.5 µm. (D-F) Corresponding schematic illustrations of the director profiles in the 

nematic DSCG. Scale bars = 10 µm. 
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Fig. S6 Orientations of nematic MBBA emulsion droplets in nematic 15 wt% DSCG films. (A-F) 

Optical micrographs (A-C, crossed polars) and (D-F, bright field) of MBBA droplets with 

diameters of (A, D) 14.9 µm, (B, E) 15.6 µm, and (C, F) 21.2 µm. (G-I) Corresponding 

schematic illustrations of the director profiles within the MBBA droplets as well as in the 

encompassing nematic DSCG. Scale bars = 10 µm. 
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Fig. S7 Plot of the angle formed between the axis of symmetry of bipolar 5CB droplets (with 

diameters of 27.3 µm (●) and 23.6 µm (▲)) and to the far-field director of nematic DSCG ( ) as 

a function of time following removal of a magnetic field (    0.3 T) applied parallel to nDSCG for 

60s. Error bars represent uncertainty in the calculation of   associated with estimating the 

positions of the 5CB droplet center and one of the boojums of the droplet. 
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Fig. S8 Optical micrographs (crossed polars (A, C, E and G) and bright field (B, D, F and H)) of 

a nematic 5CB droplet dispersed within an isotropic 98 wt% DSCG solution between polyimide 

substrates both (A, B) before and (C-H) after application of a magnetic field (    0.3 T). The 

magnetic field was applied in the  ̂ direction (see coordinate system in B), parallel to the 

direction of rubbing of the polyimide substrate. The 5CB droplet is 11.2 µm in diameter. Scale 

bars = 10 µm. 
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Fig. S9 Optical micrographs (crossed polars) showing the coalescence of two nematic 5CB 

droplets dispersed in a region of nematic DSCG that does not exhibit uniform azimuthal 

alignment. Scale bars = 20 µm. 
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Fig. S10 (A, B) Optical micrographs (crossed polars, A and bright field, B) of two silicone oil 

droplets that adhered to one another within an aligned region of nematic DSCG. The far-field 

orientation of the nematic DSCG is indicated in A. Scale bars = 20 µm.  
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Fig. S11 Sequence of optical micrographs (crossed polars (A-E) and bright field (F)) showing 

the migration of a 7.9 µm diameter 5CB droplet within an aligned region of nematic DSCG to 

the DSCG boojum located near the surface of a 26.9 µm diameter 5CB droplet. The far-field 

orientation of the nematic DSCG is indicated in A. The micrographs were taken at (A) 0 min, (B) 

5 min, (C) 10 min, (D) 13 min, (E) 16 min, and (F) 17 min. Scale bars = 10 µm. 

 
 
 
 

 
 
 
 
 
 
 


