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S1: Calculation for the number of chains for cellulose nanocrystals (CNC)
Total number of chains in the CNC cross section
Considering that the average cross section of the CNC cylinder is 4 nm in diameter (r=2) and length of L:100 nm
Surface area of 1 CNC cylinder = 2πr2 + 2πrL =2.π.22 +  2.π.2.100  = 1282 nm2
[bookmark: _Hlk173230577]Previously, Isogai [1] et al reported the two dimensions of anhydroglucose units (AGU) to be: a=0.61 nm and b= 0.54 nm - which are used to evaluate the surface area of a single AGU cell = a x b = 0.33 nm2
[bookmark: _Hlk173230356][bookmark: _Hlk173230488]Thus, the number of AGU available on the surface of a single CNC is: 1282/0.33 = 3885 chains. 

[bookmark: _Hlk106113037]S2: SANS curve fitting procedure
The SANS scattering intensity, I(q), is related with the form factor (scattering amplitude) of long cylinder shell and distribution function as follows [2]:
[bookmark: _Hlk170302827]
Where, N(r) is the lognormal distribution which is defined as: 

with, r > 0, µ is the mean and  is the standard deviation of the CNC.
 is the scattering amplitude (form factor) for a long cylinder shell defined as follows:-

Where,




Where, R is the core radius, t is the shell thickness, L is the cylinder length,  is the scattering length density of cylinder core,  is the scattering length density of cylinder shell and is the scattering length density of solvent. For the long cylinder the approximation is L >2r.
q is the magnitude of scattering vector which is related to the wavelength () of the X-rays and the scattering angle (2) as follows:

Further details on SAXS curve fitting and procedure are provided in the manual of SASfit [3].
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