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Supplementary text

Raman spectroscopy confirmed the formation of graphite-like clusters in bacterial cellulose

The Raman spectrum indicated the typical bands for BC (Fig. S5 A). The bands in the 
region below 1500 cm-1 are associated with the deformations of the internal coordinates of the 
anhydroglucopyranose residues, whereas those above 1500 cm-1 are dominated by CH, CH2, and 
OH stretching vibrations 43,44. In the low frequency region for the pristine BC, the Raman pattern 
shows two intense bands at 576 and 1091 cm-1, and a medium-weak intensity band at 434 cm-1. 
All these bands exhibit a reduction in intensity with increasing argon dose. The band at 434 cm-1 
is associated with ring deformations of the glucopyranose skeletons and bending motions of 
glycosidic linkages (CCC, CCO).  The band at 576 cm-1 is also dominated by vibrational modes 
of the glucopyranose ring units (COC). Similarly, the band located at 1091 cm-1 is characterized 
by vibrational modes involving CC and CO stretching motions, often coupled to glucopyranose 
ring breathing44. This indicates that bond breaking took place mainly at these locations in the 
hydrogel, which is probably responsible for the ring opening and chain-breaking phenomenon 
observed in the XPS spectra.  In contrast, in the high frequency region above 1000 cm-1, a band 
center about 1570 cm-1 emerged with increasing Ar+ dose, and which is absent in the pristine 
sample (Fig. S5 B).  This band is associated with the G peak in amorphous carbons and suggests 
the presence of C sp2 atoms in olefinic chains or conjugated carbon chains 45,46. Another feature 
in amorphous carbons is the presence of a D band about 1350 cm-1, which is strictly linked to 
presence of six-fold aromatic rings46. In the region between 1270-1500 cm-1, native celluloses 
also exhibit several closely spaced, medium-intensity bands that correspond to internal 
coordinates of CCH, OCH, COH, and HCH bending motions43. The existence of these medium-
intensity bands makes difficult the examination of the D-peak as a function of the fluence, and 
the determination of the overall intensity ratio of the D and G peak. However, the presence of the 
G and D peaks indicate the formation of carbon clusters in the hydrogel upon irradiation.  As 
mentioned above, this carbon clustering could be contributing to the mechanism responsible for 
nanopattern formation, the increase in material stiffness, and the observed resilience of the 
nanostructures to capillary force.  Finally, the high-intensity band at 2895 cm-1 associated with 
stretching vibration of CH and CH2 bonds43 (Fig. S5), decreased in intensity upon irradiation, 
suggesting that dehydrogenation may be linked to ion irradiation. 
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Fig. S1. Deconvolution of the C1s peak of pristine BC and argon-irradiated BC at increasing ion 
fluence
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Fig. S2. FWHM of the C1s peak for BC as a function of the fluence
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Fig. S3. Deconvolution of O1s peak of pristine BC and argon-irradiated BC at increasing ion 
fluences
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Fig. S4. Wide spectrum of pristine and Ar-irradiated BC at increasing ion fluence, showing the 
slight presence of Na.
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Fig. S5.  Raman patterns confirm the presence of amorphous carbon in BC upon low-energy 
argon irradiation. Measured Raman spectra of pristine and argon-irradiated BC collected at an 
excitation wavelength of 532 nm. (A) In the low frequency region (400-1200 cm-1), the spectrum 
shows a reduction in intensity for the most intense bands at 576, 1091 cm-1, and 434 cm-1 in 
pristine BC with increasing ion dose. Those bands are associated with vibrational and breathing 
modes of the glucopyranose ring units. (B) Closer examination of the 100-1600 cm-1 region 
shows the formation of graphite-like structures upon argon irradiation, which are associated with 
a G and D peak at about 1570 cm-1 and 1350 cm-1, respectively. 
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