
    

 1 

Advanced Materials 
 

SUPPORTING INFORMATION 
 
 
Microspheres with Tunable Refractive Index by Controlled Assembly of 
Nanoparticles** 
 
Shin-Hyun Kim, Young-Sang Cho, Seog-Jin Jeon, Tai Hee Eun, Gi-Ra Yi and Seung-Man 
Yang* 

 

1. Surface Morphology of Titania Microspheres 

The titania microspheres do not have any macropores on their surfaces, as shown in high 

magnification SEM image in Figure S1. This implies that the fabricated titania microspheres 

have a high refractive index although smaller than that of bulk anatase-phase titania. 

 

 
Figure S1. SEM images of titania microspheres with 7 μm in average diameter. The scale bars 
in (a) and (b) are 2 μm and 1 μm, respectively.  

 
2. Preparation of spherical assemblies in submicrometer range. 

Emulsion based assembly is also useful for fabricating submicrometer-sized particles. As we 

mentioned in the main text, the diameter of the consolidated aggregates is determined by the 

size of the emulsion droplets and the particle concentration. Therefore, submicrometer-sized 

particles can be produced by preparing finer emulsion droplets or by using suspensions at low 

particle loadings. Here, we prepared finer emulsion droplets which were prepared by 

sonicating the mixture of aqueous suspension and surfactant-laden hexadecane. In Figure S2, 
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the SEM image shows silica particles of 600 nm in diameter self-assembled from silica 

nanoparticles at 0.8 wt% in emulsion droplets. 

 

 
Figure S2. SEM images of submicron-sized silica particles self-assembled from silica 
nanoparticles confined in water-in-hexadecane emulsion droplets. 

 

3. Preparation of polymeric, metallic and their composite microspheres. 

Our method for preparing microspheres is not limited to inorganic nanoparticles such as 

silica and titania and can be applicable to metals, ceramics and polymeric chains if they form 

a stable dispersion in water or oil phase. For polymeric or metallic microspheres, we used 

toluene in water emulsion stabilized by commercial triblock copolymer, Pluronic F108. Here, 

toluene-in-water emulsions were prepared by shaking the mixture with vortex mixer and 

volatile oil phase was removed in vacuum oven at room temperature for 2 hours. For polymer 

microspheres, we used 2 wt-% polystyrene homopolymer in toluene. The fabricated PS 

microspheres are shown in Figure S3a and 3b. As can be seen from these images, the 

polystyrene microspheres were successfully generated from toluene-in-water emulsion 

droplets used as confining geometries. For gold microspheres, we used 0.2 wt-% polystyrene-

terminated gold nanoparticles dispersed in toluene. As toluene evaporated slowly, the color of 

the emulsion system changed from dark purple to golden yellow, implying the nano-sized 

gold nanoparticles were aggregated into micrometer scale particles. Figure S3c shows the 

yellow color of gold microspheres. For composite microsphere of gold and polystyrene, we 

used the mixture of 2 wt. % polystyrene and 0.2 wt. % dodecanethiol terminated gold 

nanoparticle in toluene with 1:1 volume ratio. The final microspheres showed light purple 

color as shown in Figure S3e. 
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Figure S3. (a), (c), and (e) are optical microscope images and (b), (d), and (f) are SEM images 
of polystyrene, gold, and their composite microspheres, respectively. 
 
 


