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Figure S1 (a) Optical micrograph of microcrystalline cellulose (scale bar is 50 µm) and 

(b–d) transmission electron micrographs of cellulose nanocrystals prepared by HCl 

treatment for different reaction times: (b) 8, (c) 12, and (d) 16 h (scale bars are 500 nm). 

 

 

Table S1 Reaction conditions and diameter sizes of cellulose nanocrystals after acid 

treatment.  
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Table S2 Polymerization conditions of IPP in the presence of CNCs and molecular 

weights of free PIPP homopolymer in CNC-g-PIPP. 

 

  

 

 

 

Figure S2 XPS spectra of pristine CNC and CNC-g-PIPP. 
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Figure S3 Phase-contrast micrographs of aqueous CNC-g-PIPP solutions prepared at (a) 

4°C and (b) at 45°C (scale bar are 1 µm). 

 

 

 

 

 

Figure S4 Interfacial tensions of toluene/water and heptane/water as functions of the 

concentration of unmodified CNCs at 4°C. 
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The percentage of CNC-g-PIPP nanoparticles effectively adsorbed to the oil–water 

interface were calculated based on the total amount of nanoparticles added by using the 

following equation:1 

 

%Particles = !"#$%	'()*+,	"-	.$,#"/%+0	$10",*+1	$#	1,".%+#	0(,-$/+
!"#$%	'()*+,	"-	.$,#%+0	$11+1

×100% 

 

= !"#$%	0(,-$/+	$,+$	"-	1,".%+#0 !"#$%	0(,-$/+	$,+$	"-	"'+	.$,#2/%+⁄
!"#$%	4"%()+	"-	.$,#2/%+0	$11+1 !"#$%	4"%()+	"-	"'+	.$,#2/%+⁄ ×100% 

 

= 
(6789×;<=789

> )	/	=ABCD
>

EABCD	/		
F
G<=ABCD

G ×100% 

 

         =	4𝜋 =789
> 6789

6ABCD	=ABCD> ×100%     (S1) 

where 

NKLM =
OE789
;<=789

G       and     NPQRS = 	
OEABCD
;<=ABCDG  

 

where Roil and Rpart are the radii of oil droplets and CNC-g-PIPP particles (Roil was taken 

to be the volume-average radius as determined by the laser diffraction and Rpart was taken 

to be the particle dimension as determined by DLS measurement (Table S1)), assuming 

that the modified CNCs were also spherical in shape; Noil and Npart are the numbers of oil 

droplets and CNC-g-PIPP particles (determined from the mean radius of the particles as 

determined by TEM images (Table S1)); and Voil and Vpart are volumes of oil and particles. 

However, such calculation requires an assumption to be made regarding the particle-

packing efficiency at the interface. Here it is assumed that there is two-dimensional square 
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lateral packing, the CNC-g-PIPP nanoparticles are uniform, and that the sizes of the 

emulsion droplets and CNC-g-PIPP nanoparticles are negligible as compared with those 

of the oil droplets. It is also assumed that no nanoparticles appear in the oil phase due to 

the high energy barrier for the nanoparticles to enter the oil phase.  
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Figure S5 Percentage of CNC-g-PIPP nanoparticles attached to the oil–water interface 

as a function of the  concentration.  

 

 

 

 

 

Table S3 Microscopy images of heptane and toluene emulsions stabilized by 0.4 wt% 

CNC-g-PIPP after different storage times. Scale bars are 20 µm. 
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Figure S6 Conductivities of 0.4 wt% CNC-g-PIPP aqueous dispersions and O/W 

emulsions prepared with different oils (heptane or toluene) as a function of temperature. 

 

 

 

Figure S7 Pendant drop of emulsions in distilled water, heptane, and toluene stabilized 

by 0.4 wt% CNC-g-PIPP. 
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Figure S8 Optical microscopy images of emulsions prepared with 0.4 wt% CNC-g-PIPP 

after storage for (a) one day and (b) 15 days. Scale bars are 20 µm. 

 

 

 

 

Figure S9 Proportions of the oil-in-water emulsion phase in samples prepared with 0.4 

wt% CNCs, PIPP, and CNC-g-PIPP as functions of storage time. 
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Figure S10 Creaming profile fraction of heptane in water in a Pickering emulsion 

stabilized with 0.4 wt% CNC-g-PIPP at temperatures of 4°C and 45°C. 

 

 

Table S4 Partitioning behavior of modified CNCs after demulsification at different 

temperatures.  
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