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1. Method 

1.1. Near Infrared Spectroscopy (NIR) 

In this method, the near-infrared region of the electromagnetic spectrum was used. The 

measurements were carried out in the range of 10000–4000 cm−1 in absorption mode—64 scans 

(Thermo Scientific, Nicolet 6700). Cellulose fibres were dried for 24 h at 100 °C (Binder® oven) 

before being analysed. 

2. Near Infrared Spectra Analysis 

The modification process was also tracked with the employment of NIR technique, which 

according to the literure, is more sensitive to polar groups [1–3]. Nevertheless, this method is not 

widely-known, but it seems a perfect tool for cellulose structure [4] and moisture content [5] 

investigation.  

Considering the NIR spectra of cellulose fibres (Figure S1) some signals characteristic of this 

substance can be recognized, e.g., 8165 cm−1 (C–H stretching of the second overtone) [6], 7290 cm−1 

(C–H stretching and C–H deformation vibrations) [6], 6472 cm−1 (O–H stretching of the first 

overtone) [6], 4754 cm−1 (O–H stretching vibrations) [7]. Absorption bands assigned to chemical 

groups typical for cellulose fibres are tabularized in Table S1. 

Regarding Figure S1 it may be evidenced again that the modification process of cellulose fibres 

with silane coupling agents causes some shifts between the peaks visible in the spectra. The shifts are 

stronger for absorption bands assigned to the hydroxyl groups through which the coupling occurs. 

This may be an important observation considering the effect of the treatment process on the 

chemical structure of the analysed cellulose fibres. 

Furthermore, while having a closer look at the data visible in Figure S1b, one could easily 

observe that the shift of the absorption band maximum at 6715 cm−1 is stronger in comparison with 

the same shift visible in Figure S1a. This confirms the interpretation of results presented in the 

previous section—cellulose treated via a non-solvent method in a planetary mill is possibly modified 

in a more efficient way. 
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Figure S1. Near infrared spectra of: (a) cellulose fibres modified via a solvent-involving method; (b) 

cellulose fibres modified via a non-solvent method. Characteristic absorption bands: 8200–8100 cm−1 

(C–H), 6770 cm−1 (O–H), 6715 cm−1 (O–H, water), 4750 cm−1 (O–H). 

Table S1. Tabularized absorption bands assigned to the chemical groups. 

Wavenumber [cm−1] Chemical Group Ref. 

4750 –OH, C=O [7] 
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5220–5150 –OH, water [6] 

6715 –OH, water, hydrogen bonds [8] 

6770 –OH [9] 

8200–8100 C–H [6] 

Yet, it should be considered that intensity differences described above could also be caused by 

moisture content variations. Therefore, they may only indicate the possibility of hydroxyl moiety 

amount decrease but cannot be considered as evidence for the modification process occurring. 

Moreover, taking into consideration the intensity differences of signals assigned to hydroxyl 

groups, which are present in the given spectra, it may be said that blocking of –OH moieties of the 

cellulose chains by silanes coupled to the UFC100 surface, occurs to a varied extent and the reactivity 

of the modifying agents is not the same. This phenomenon has been evidenced in the literature 

previously—linear silane compounds with methoxyl groups are referred to as being the most 

suitable for the conducted reaction with cellulose fibres [10].  

It is advised more to analyse the shifts between the peaks as they are less affected by the water 

content [11,12]. 

Summarising, NIR analysis enabled confirmation of the structural changes visible in the FT-IR 

spectra. Shifts between the peaks are stronger in the case of samples modified via a non-solvent 

approach which may indicate some variations in chemical composition of analysed cellulose fibres, 

e.g.,–OH blocking, decreased moisture content. 
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