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S1. Packing fraction of the lamellae in cryogel and pre-gelled cryogel samples 
 
The packing fraction in the lamellae of unidirectionally frozen samples is determined by the 
packing fraction at which the ice starts growing into the regions of the particle network. This 
breakthrough point has been modelled as the point at which the osmotic force of the suspension 
exceeds the capillary drag force, which pushes the particles in front of the solidification front.1,2 
As such, the packing fraction at breakthrough is defined as  
 
𝛷" = 𝛷$ − ( '()
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)1/3 = 𝛷$ −𝑊, (S1) 

 
where Φm represents the maximum packing fraction, kb the Boltzmann constant, R the particles 
radius, T the temperature, and γ the surface tension of the liquid-solid interface. W represents the 
deviation from the maximum packing fraction.  
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For 273 K, a surface tension 0.07 J/m2 (water) and a particle diameter of 5 nm, equation (S2) results 
in the theoretically expected deviation from maximum packing, Wth = 0.056.  
 
The experimentally observed packing fraction can be calculated using  
 
𝛷 = 1 − 𝑃, (S3) 
 
where the porosity (P) is experimentally derived using BET measurements.  
Ambient drying of the pre-gelled wet samples can be assumed to result in the maximum packing 
fraction. Thus, the experimentally derived value for the packing fraction of the xerogel is equal to 
Φm.  
The values of Φ, as calculated using equation (S3), and the deviation from the maximum packing 
fraction (WBET), as calculated using equation (S1), for the cryogel and the pre-gelled cryogel are 
listed in Table S1.  
 
Table S1: Packing fraction (Φ) and the theoretical expected (Wth) and experimentally observed 
(WBET) deviation from the maximum packing fraction of the xerogel, cryogel and non-gelled 
cryogel as obtained in this work.  
 

 xerogel cryogel pre-gelled 
cryogel 

Φ 0.6883 0.6454 0.5069 

Wth  0.0560 0.0560 
WBET  0.0429 0.1814 

 
 
WBET for the cryogel is in good agreement to the expected deviation from the maximum packing 
(Wth) fraction as calculated using equation (S2). By contrast, WBET for the pre-gelled cryogel is 
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more than three times larger than Wth indicating that the balance of osmotic and capillary pressure 
does not sufficiently describe the breakthrough phenomena for the gelled system. 
 
S2. HRTEM and STEM analysis 
TEM was performed on a XFEG FEI-Talos. The samples for TEM characterisation were dispersed 
in chloroform and a drop of the suspension was placed onto a carbon coated copper grid lying on 
a filter paper, followed by drying in air at room temperature. 

 
Figure S1. STEM and HRTEM of the aerogel and pre-gelled cryogel. a. STEM of the pre-gelled 
cryogel and b. of the aerogel. c. HRTEM of the pre-gelled cryogel d. close-up view showing 
particle crystallinity. 
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S3. N2-Adsorption isotherms 

 
Figure S2. The N2 adsorption-desorption isotherms for pre-gelled cryogels frozen at speed varying 
from 0.02 mm/s to 0.13 mm/s compared to cryogel. 
 
 
S4. Powder analysis 
 
X-ray diffraction was carried out on the different powders used for the fabrication of hierarchical 
porous anodes for Li-ion batteries presented in this work (Figure 4). The diffractograms in Figure 
S1 show no differences in crystallinity or crystal size between the differently processed TiO2 
powders.  
 

 
Figure S3. X-ray diffractograms of powders used for electrode fabrication in this work as well as 
an anatase reference (JCPDS Card 21-1272).  
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S5 Charge-discharge curves of half-cell 

 
Figure S4. Charge-discharge curves for the three architectures at two cycling rate: (a) C/10 and (b) 
2C. 
 
S6. Performance comparison with literature values 

 
Figure S5. Comparison of the specific electrochemical performances of the aerogel, pre-gelled 
cryogel, and nanopowder with literature values for TiO2 structured and related compounds. 
Adapted from references3–6. 
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S7. Long term stability 

 
Figure S6. Cycling stability at C/10 for the aerogel and pre-gelled cryogel powders. a. Gravimetric 
specific charge and b. volumetric specific charge as a function of the number of cycles. 
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