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S1. Micelles dimensions as determined by Negative stain TEM and Cryo-TEM 

In Figure S1 we present images of dried, stained samples obtained from micellar solutions. The dark 

background results from the presence of the heavy Uranyl atoms. The typical radius of BrijS20 micelles 

of about 8-5  nm (Figure S1a) obtained from TEM measurements (measured over 50 particles) is in 

agreement with previous reports [1]. The bright spheres observed in the image of the F127 micelles 

(Figure S1b) show the PPO core of the micelles (diameter of 5-6 nm), while the highly hydrated and 

much less densely packed PEO shell (where the uranyl ions are not excluded) is not observed [2,3]. 

SAXS and Small Angle Neutron scattering data reported in the literature were used for determining the 

micelle’s dimensions reported in Table 1 of the main text.  

 

Figure S1. TEM images of negatively stained micellar solutions (a) 1 wt% BrijS20 and (b) 3 wt% F127. 
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S2. Dispersions of SWNTs  

Figure S2 presents cryo-TEM images of individual, well-dispersed non-bundled SWNTs (SWNTCH) in 

aqueous solutions of BrijS20, F108 and F127. The cryo-TEM images show random networks of mostly 

individual SWNTs formed in the dispersion. At this magnification, and without staining the surfactant 

and polymer micelles can be hardly observed (but rather contribute to the somewhat grainy background).  

 

Figure S2. Cryo-TEM images of SWNTs dispersions in (a) 1 wt% BrijS20, (b) 1 wt% F108 and (c) 2 wt% F127. 
The arrow points at carbon-coated catalyst particles.  

 

S3. CNCs–surfactant/polymer suspensions 

Table S1 shows the mobility measurements of CNCs–surfactant/polymer aqueous suspensions were 

carried out using the Zetasizer Nano ZS (Malvern Instruments Ltd.). 

Table S1. The Mobility measurements in 0.1 wt% CNCs. 

Surfactant/polymer 
(wt%) 

Mobility (mcm V-1s-1) 
BrijS20 F108 F127 

0.1 -2.8 ± 0.1 -3.5 ± 0.2 -3.5 ± 0.2 
0.2 -2.2 ± 0.1 -3.4 ± 0.1 -3.5 ± 0.1 
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In Figures S3 and S4 we present cryo-TEM images of the upper (I) and lower (N*) phases of native 6 

wt% CNCs suspensions and of 6 wt% CNCs–1 wt% BrijS20, respectively. In Figure S4 the BrijS20 

micelles can be observed as well (small dark dots decorating the CNCs and the background).   

 

Figure S3. Suspensions of CNCs (6 wt%). (a) Upper (I) phase (b) Lower (N*) phase. The arrows point 
at some ice contamination.  

 

 

Figure S4. 6 wt% CNCs–1 wt% BrijS20 suspension (a) lower (I) (b) upper (N*) phase. 

Figure S5 exhibits the 1D scattering curves obtained from native 6 wt% CNCs suspension and CNCs-

surfactant (or polymer) suspensions. The scattering patterns were fitted to the stacking model developed 
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by Mao et al. [4,5]. In this model, an individual CNC particle is considered as a parallelepiped with a 

length 𝐿, width 𝑏, and thickness 𝑎, where the rectangular shaped cross section represents the unit cell 

dimensions of cellulose crystals, and the CNC particles are stacked in one direction with a distance 𝑑଴ 

between the surfaces of two adjacent particles. The best fit to the parallelepiped model is presented in 

Figure S5. The parameters that can be obtained from the parallelepiped stacking model fitting are 

presented in the main text in Table 3. Table S1 presents the volume fraction of the nonisotropic phase 

LC (visual inspection), pitch P (measured by POM) and data obtained from SAXS measurements.  

 

Figure S5.  SAXS curves of CNCs–surfactant/polymer suspensions: Native 6 wt% CNCs () 6 wt% 
CNCs–0.5 wt% BrijS20 (), 6 wt% CNCs–1% F108 () and 6 wt% CNCs–1 wt% F127 (). The solid 
black lines represent the fit to the stacking model. The curves are shifted for better visualization. 

 

Table S2. The volume fraction of the nonisotropic phase LC, pitch P, and data from SAXS measurements 
obtained from the different 6 wt% CNCs–surfactant/polymer suspensions. 

Surfactant/polymer 
LC 

(vol%)

P 

 (m) 

SAXS 

q0 

)1-(A 

q1 

(A-1) 

q1/q0 

Native 6 wt% CNCs 0.5 17 ± 1 0.018 0.035 2:1 

0.5 wt% Brij-S20 0.5 5 ± 2 0.017 0.034 2:1 

1 wt% F108 0.5 5 ± 2 0.016 0.031 2:1 

1 wt% F127 0.5 5 ± 2 0.016 0.032 2:1 
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S5. Raman scattering from CNCs–surfactant/polymer–SWNTs films 

Dried films were prepared by drying the isotropic (upper) and the chiral nematic (lower) phases of the 

different samples on glass slide under ambient conditions. The Raman spectra of CNCs–

surfactant/polymer–SWNTCH and CNCs–surfactant/polymer–SWNTAP are presented in Figures S6 

and S7, respectively. Table S3 presents the intensity ratios of the signals (IG/ICNC).  

 

Figure S6. Raman spectra of the lower (a, c, e, g) and upper (b, d, f, h) phases of CNCs–SWNTCH, 
CNCs–BrijS20–SWNTCH, CNCs–F108–SWNTCH and CNCs–F127–SWNTCH dispersions. 
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Figure S7. Raman spectra of the lower (a, c, e, g) and upper (b, d, f, h) phases of CNCs–SWNTAP, 
CNCs–BrijS20–SWNTAP, CNCs–F108–SWNTAP and CNCs–F127–SWNTAP dispersions. 
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Table S3. The SWNTs /CNCs ratio as evaluated from the ratio of the intensity of the signals (SWNTs 
G-band at ~ 1590 cm-1 to CNC characteristic peak at ~ 1093 cm-1) at the lower and upper phase. 

SWNTs Surfactant/polymer 
[SWNTs]/[CNCs] 

upper phase 

[SWNTs]/[CNCs] 

lower phase 

SWNTs(I)/SWNTs(N*) 

ratio 

SWNTCH 

6 wt% CNCs 5 1 5:1 

0.5 wt% BrijS20 23 24 1:1 

1 wt% F108 4 18 1:4.5 

1 wt% F127 8 8 1:1 

SWNTAP 

6 wt% CNCs 8 1 8:1 

0.5 wt% BrijS20 8 13 1:1.6 

1 wt% F108 14 36 1:2.6 

1 wt% F127 3 8 1:1.7 

 

 

S6. POM images of CNCs–surfactant/polymer–SWNTs mixtures 

Figure S8 exhibits the POM images of the tree different hybrid mixtures: CNCs–BrijS20–SWNTs, 

CNCs–F108–SWNTs and CNCs–F127–SWNTs. 

 

Figure S8. POM images of (a) CNCs–BrijS20–SWNTCH, (b) CNCs–F108–SWNTCH, (c) CNCs–
F127–SWNTCH, (d) CNCs–BrijS20–SWNTAP, (e) CNCs–F108–SWNTAP and (f) CNCs–F127–
SWNTAP. 
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S7. SAXS from CNCs–surfactant/polymer–SWNTs mixtures 

Figure S9 shows SAXS curves obtained from suspensions that contain SWNTs, CNCs and surfactant (or 

polymer). Here as well, the scattering curves were fitted to the stacking model. Table S4 presents the 

parameters used for fitting the parallelepiped stacking model for CNCs-surfactant/polymer-SWNTAP.  

Table S5 exhibit the volume fraction of the nonisotropic phase (visual inspection), pitch (measured by 

POM) and interparticle distance of the different suspensions (calculated using the stacking model). 

 

Figure S9.  SAXS curves of (a) 6 wt% CNCs–1 wt% F127 ( ) and CNCs–surfactant/polymer–
SWNTCH dispersions: 6 wt% CNCs–0.5 wt% BrijS20–0.1 wt% SWNTCH ( ), 6 wt% CNCs–1 wt% 
F108–SWNTCH ( ) and 6 wt% CNCs–1 wt% F127–SWNTCH ( ). (b) SAXS curves of 6 wt% CNCs–
1 wt% F108 ( ) and 6 wt% CNCs–0.5 wt% BrijS20–0.1 wt% SWNTAP ( ), 6 wt% CNCs–1 wt% 
F108–SWNTAP ( ) and 6 wt% CNCs–1 wt% F127–SWNTAP ( ). The solid lines represent the fit to 
the stacking mode. The curves are shifted for better visualization. 

 

Table S4. The typical thickness 〈𝑎〉, width 〈𝑏〉, and the inter-plate distance 〈𝑑଴〉 as determined from the 

parallelepiped stacking model. 

Sample 〈𝒂〉 (nm) 〈𝒃〉 (nm) 〈𝒅𝟎〉 (nm) 

6 wt% CNC–0.5 wt% BrijS20–0.1 wt% SWNTAP 3.0 ± 1.3 37 37 ± 12 

6 wt% CNCs–1 wt% F108–0.1 wt% SWNTAP 3.2 ± 1.3 40 36 ± 11 

6 wt% CNCs–1 wt% F127–0.1 wt% SWNTAP 3.3 ± 1.1 35 35 ± 11 
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Table S5. The volume fraction of the nonisotropic phase LC, pitch P, and data from SAXS measurements 
obtained from the different 6 wt% CNCs–surfactant/polymer–SWNTs suspensions. 

SWNTs Surfactant/polymer 
LC 

(vol%)

P 

 (m) 

SAXS 

q0 

)1-(A 

q1 

(A-1) 

q1/q0 

SWNTCH 

0.5 wt% BrijS20 49 5 ± 2 0.016 0.030 2:1 

1 wt% F108 50 5 ± 2 0.0166 0.032 2:1 

1 wt% F127 50 5 ± 2 0.017 0.033 2:1 

SWNTAP 

0.5 wt% BrijS20 50 4 ± 1 0.0167 0.0365 2:1 

1 wt% F108 50 6 ± 1 0.0167 0.0343 2:1 

1 wt% F127 50 6 ± 1 0.0175 0.0358 2:1 
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