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Representing a novel class of environmentally responsive materials, binary mixed polymer brushes grafted 

nanoparticles have attracted substantial attention for both fundamental and practical research [1]. The two 

grafted polymers can undergo spontaneous chain reorganization in response to environmental variations 

and exhibit different nanostructures and surface properties. 

 

In this work, mixed poly(tert-butyl acrylate) (PtBA)/polystyrene (PS) brush-grafted 67 nm silica 

nanoparticles were prepared by using sequential atomic transfer radical polymerization (ATRP) of t-butyl 

acrylate and nitroxide-mediated radical polymerization (NMRP) of styrene from surface immobilized Y-

initiators [2]. The molecular weights (MW) for PtBA and PS are 22.2 and 23.4 kDa, and their grafting 

densities are 0.54 and 0.31 chains/nm2, respectively. Selective homopolymer PtBA and poly(cyclohexyl 

methacrylate) (PCHMA)  are compatible with PtBA and PS brushes, respectively. To prepare the blend 

of nanoparticle and homopolymer, the mixed brush particles and homopolymer with different MW were 

dissolved in chloroform and cast on carbon coated TEM grid. A uniform polymer film formed with 

nanoparticles embedded. Electron tomography was carried out on an FEI Tecnai TF20. A series of TEM 

projection images were collected from ~-60º to ~+60º tilt angles at an angular interval of 2º. The 3D TEM 

image reconstruction was processed in software of IMOD and UCSF Chimera. 

 

Figure 1 shows the environmentally responsive assembly of mixed PtBA/PS brush-grafted silica particles 

in selective homopolymer matrices. Since RuO4 selectively stained PS, the phase separated PS and PtBA 

domains appeared dark and bright, respectively. PtBA homopolymer is selective for PtBA brushes. When 

MW of PtBA matrices increased, the morphology of dark PS domains changed from isolated (Figure 1A) 

to elongated (Figure 1B) and bicontinuous (Figure 1C) structure. PCHMA homopolymer is selective for 

PS brushes. In PCHMA matrices, inverted phase separation was observed, in which bright PtBA phase 

became isolated domains. When MW of PCHMA increased, the change of PtBA morphology showed the 

same trend (Figure 1D-1F). The 3D reconstructions of single particle in each matrix clearly show the 

morphology variation. This variation is due to an entropy-driven process. When MW of matrix is low, the 

short matrix chain can easily penetrate into the brush layer and swell the miscible brush chains. The 

swelled chains would stretch and push the immiscible chains into isolated domains. When matrix MW is 

high, the long matrix chain cannot fully penetrate into the brush layer to swell the miscible chains. 

Therefore the mixed brushes preserve the original bicontinuous structure. 
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Figure 1.  TEM micrographs of mixed PtBA/PS brush-grafted silica particles in PtBA homopolymer 

matrices with molecular weights of 5 kDa (A), 23 kDa (B) and 65 kDa (C). TEM micrographs of mixed 

PtBA/PS brush-grafted particles in PCHMA homopolymer matrices with molecular weights of 3 kDa (D), 

19 kDa (E) and 70 kDa (F). All samples were stained by RuO4. The inset images are 3D reconstructed 

single particle in each image. In the 3D images of (A), (B) and (C), PS is the visible phase. In the 3D 

images of (D), (E) and (F), PS is the cyan phase and PtBA is the red phase. The scale bars in all 3D TEM 

images indicate 100 nm. 


