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Supplementary methods  

In order to determine the effective diffusivity 𝐷𝑒𝑓𝑓, the partition coefficient defined according to the 

equilibrium relationship between substrate contained in the PVA cryogel cube (𝑐𝑐𝑢𝑏𝑒) and the solution 

(𝑐𝑠𝑜𝑙) such that 𝑐𝑠𝑜𝑙 = 𝐾𝐻𝑐𝑐𝑢𝑏𝑒, must first be determined. Cubes were equilibrated with a solution of 

known substrate concentration (𝑐𝑠𝑜𝑙,𝑒𝑞) and subsequently placed in a substrate free solution (𝑐𝑠𝑜𝑙 = 0 

at 𝑡 = 0) until a new equilibrium was reached such that lim𝑡→∞𝑐𝑠𝑜𝑙 = 𝑐𝑠𝑜𝑙,𝑓, as described in the 

experimental methods section. The equilibrium relationship with the initial solution (eq. 1), final 

solution (eq. 2) and a mass balance over the diffusion experiment (eq. 3) yields a system of linear 

equations which can be readily solved for the unknown values 𝐾𝐻, 𝑐𝑐𝑢𝑏𝑒,0 and 𝑐𝑐𝑢𝑏𝑒,𝑓: 

𝑐𝑠𝑜𝑙,𝑒𝑞 = 𝐾𝐻𝑐𝑐𝑢𝑏𝑒,0 (1)  

𝑐𝑠𝑜𝑙,𝑓 = 𝐾𝐻𝑐𝑐𝑢𝑏𝑒,𝑓 (2)  

𝑉𝑠𝑜𝑙𝑐𝑠𝑜𝑙,𝑓 = 𝑉𝑐𝑢𝑏𝑒(𝑐𝑐𝑢𝑏𝑒,0 − 𝑐𝑐𝑢𝑏𝑒,𝑓) (3)  

Where 𝑉𝑠𝑜𝑙 and 𝑉𝑐𝑢𝑏𝑒 are the liquid solution and cube volumes, respectively. Once the initial cube 

concentration 𝑐𝑐𝑢𝑏𝑒,0 and the partition coefficient 𝐾𝐻 are known, the intra-cube substrate diffusion can 

be modelled by approximating the cube as a sphere with radius equal to the surface-volume radius 

of the cube (𝑅 = 3𝑉𝑐𝑢𝑏𝑒/𝐴𝑐𝑢𝑏𝑒 where 𝐴𝑐𝑢𝑏𝑒 is the surface area of the cube). The partial differential 

equation describing the diffusion process is given by eq. 4, with accompanying boundary conditions 

(eqns. 5-6) and initial condition (eq. 7): 
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𝑐 = 𝑐𝑐𝑢𝑏𝑒,0  for 0 ≤ 𝑟 ≤ 𝑅, 𝑡 = 0 (7)  

Equation 6 represents the flux balance at the surface of the cube, where the flux out of the cube is 

equal to the rate of mass transfer from the surface of the cube to the bulk solution, with mass transfer 

coefficient 𝑘𝐿. The concentration of the bulk solution is modelled using the ordinary differential 

equation (ODE) given by eq. 8, with the initial condition 𝑐𝑠𝑜𝑙(0) = 0: 
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The partial differential equation (eq. 4) was discretized using the finite difference method and 

combined with eq. 8, yielding a system of ODEs. This system of ODEs is readily solved using MATLAB 

(Natick, MA) and the built-in numerical integrator ode45.  



The substrate concentration was measured at time points 𝑡𝑖 during the diffusion experiment, yielding 

the experimental measurements 𝑐̂𝑠𝑜𝑙(𝑡𝑖). The unknown parameters 𝒟𝑒𝑓𝑓 and 𝑘𝐿 was determined by 

regressing the model predicted values 𝑐𝑠𝑜𝑙(𝑡𝑖) against the experimental measurements 𝑐̂𝑠𝑜𝑙(𝑡𝑖). The 

regression was performed using the MATLAB built-in least-squares optimization function lsqnonlin. 

Results 
The regression results showed that the effective diffusivity 𝐷𝑒𝑓𝑓 was insensitive to 𝑘𝐿 when 𝑘𝐿 > 10-3. 

In fact, a basic identifiability analysis indicated that 𝑘𝐿 was practically unidentifiable. This is illustrated 

in Figure X1 for transparent cryogels with glycerol substrate. The optimal effective diffusivity was 

determined to be 𝐷𝑒𝑓𝑓 = 7.32 x 10-6 cm2.s-1. Model results compared to experimental measurements 

are shown in Figure X2, indicating an excellent fit. 

 

Figure X1: The minimum residual error (solid line) decreases asymptotically as the mass transfer 

coefficient 𝑘𝐿 increases, indicating practical unidentifiability. The optimal diffusivity 𝐷𝑒𝑓𝑓 (dashed line) 

is insensitive to variations in 𝑘𝐿 above a value of 10-3 and tends to a value of 𝒟𝑒𝑓𝑓 = 7.32 x 10-6 cm2.s-1. 

 

Figure X2: Model predictions (solid line) using 𝒟𝑒𝑓𝑓 = 7.32 x 10-6 cm2.s-1, compared to experimental 

measurements (circles) for diffusion of glycerol from transparent cryogel.  


