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Report: 
 
We have performed several SAXS & WAXS measurements of suspensions of surface modified cellulose 
nanoparticles (CNCs) with different degrees of subtitution (DS) at their surface. The intent was to verify 
whether or not there is a preferred face of the CNCs that is more reactive as initial lab data seemed to suggest. 
The model for fitting the form factor used was based on a parallelepiped with rectangular cross section (or 
rectangular prism)1 (see Figure 1), as used in recent works.2,3 The aim was to identify the variation of the 
shape of the cross section as a function of degree of subtitution, by calculating the variation of the cross-
section sides a and b. A change in the crystal structure and the form factor of CNCs as a function of the 
degree of surface modification would indicate a preferred reaction side on the surface of the rectangular-
shaped cellulose nanocrystals, which could have relevance for the design of novel multifunctional 
nanocellulose materials. 

 
Figure 1. Parallelepiped model with rectangular cross section used in this report, as previously described.2  

 



In this report we present the results obtained for pyridinium-grafted CNCs at four different degrees of 
subtitution, which we have characterized in our recent work.4 An example of the fits performed is given in 
Figure 2, for CNCs with a DS of 0.9 and concentration of 0.1%. The values determined from the cross section 
were a = 6.7 ± 0.2 nm and b = 10 ± 1 nm. A direct comparison with literature values for unmodified 
nanocrystals prepared from the same source gave a smaller cross-section.3  
Results obtained for CNCs grafted with the same group at different degree of subtitution are shown in Figure 
3. These results show a clear trend with the size b/a decreasing as function of the degree of subtitution. If we 
compare these results to the literature value of unmodified CNCs from cotton3 we obtain a ratio b/a of around 
5, which correlate well with a linear decrease of the ratio.  
Considering the values of size a and b it can be observed that this change depends mostly on a decrease of the 
size b as function of the degree of substitution (see Figure 3B). This behaviour could be explained 
considering that during the chemical reaction delamination on the 11̅0 plane occurs, and this is in line with 
recent work, where delamination on the same plane was observed during surface oxidation.5 Similarly, this 
hypothesis is also in line with work of Mao et al. which reported a reduction of the b size of ~ 4 times after 
TEMPO-mediated oxidation, a very common way to obtain colloidally stable cellulose nanofibers.2 
 
 

 
Figure 2. An example of a SAXS curve of pyridinium grafted CNCs (DS 0,9; concentration 0,1 wt%) 

 
 

 
Figure 3. (A) Values determined for the ratio of size b/a as function of the degree of substitution. (B) Values of side 
length a (black squares) and b (red circles) as function of the degree of substitution. 



 
Future work 
We continue working on fitting of other modified nanocrystals with different modification and various 
degrees of subtitution, which we measured during this beamtime. Our hypothesis is that we find a similar 
trend for other modified cellulose nanoparticles and we aim to publish these results in a highly ranked 
journal.   
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