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FTIR Spectroscopy

The FTIR spectrum (Figure S1a) of BSA mats shows two intense peaks at ~1650 and 1540 cm ™2,
correspond to amide-l1 (-C=O stretching) and amide-Il (—-C-N stretching and -N-H bending),
respectively, whereas the peak at ~1395 and 3200 cm™* were assigned to —COO" side chain and -
N-H bending of BSA mat, respectively.! Following the various modification we noticed the
appearance and changings of several of the peaks. Upon methyl ester modification of the BSA mat
(BSA-OMe), a new characteristic peak of ester appeared at 1735 cm™* (Figure S1b).23 Following
the methy| esterification process, we observed that the amide-1 is split in two separate band at 1630
and 1650 cm™ which is due to the decomposition of amide-1.* Upon N-methylation (BSA-NMe,)
and hexylamine (BSA-Hex) modifications, we observed an increase in intensity of —C-H stretching
at 2960 cm?, and another interesting increase in the —O-H stretching at around 3300 cm™. We also
witnessed some small changes in the amide peak positions for all BSA modifications (Figure S1c),

indicating some influence of the modification on the protein backbone.
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Figure S1. (a) FTIR spectra of the different chemically modified BSA mats along with the

unmodified mat. (b and c) Zoom-in of (a) at different wavenumbers.



Raman spectroscopy

For the additional confirmation of modifications of BSA mat, we have carried out Raman
spectroscopy which is very much useful to determine the protein structure and highly sensitive to
the symmetrical vibrational modes of the aromatic side chains such as phenylalanine (Phe),
tyrosine (Tyr) and tryptophan (Trp). Since our modifications here are not Raman active, the
observed changes in the Raman spectrum are not big (Figure S2a), hence the above discussed FTIR
characterization is superior in observing our modifications. Nevertheless, we can still see some
difference between the different modified BSA mats. Here we have focused on the sharp peak of
aromatic side chain (1000 cm™, Figure S2b) and a broad peak of amide I bond (1658 cm, Figure
S2c¢). A pronounced blue shift is observed in aromatic side chain stretching when modification is
done with small methyl group but for long chain (Hex) modification a red shift is observed which
is due to change of polarity around the aromatic side chain. In the amide I band position, we also
observed a shift after the modifications, probably due to some minor change of structure. Overall,
our Raman measurement indicates that the modification changed the environment, i.e., the
polarity, within the BSA mats, and confirms the functional group modifications. We should further
stress here that fluorescence spectroscopy is a much sensitive tool for following the changes in the
environment and hydration layer within the BSA mats in comparison to Raman measurements (as

well as FTIR ones), as detailed along the main text of the paper.
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Figure S2. (a) Raman spectra of the different chemically modified BSA mats along with the
unmodified mat. (b) Zoom-in of (a) at 980-1020 cm™ (aromatic side chain). (c) Zoom-in of (a) at
1610-1700 cm (amide | bond).
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Figure S3: Typical H-FET measurements, source—drain current (Ips) as a function of the source—

drain voltage (Vps) at different values of Vgs for (a) BSA-OMe (b) BSA-NMe: (c) BSA-Hex. The
Insets show the transfer line characteristics of the device.
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Figure S4: The constructed decay of solvent response function C(t) of Trp in different modified
BSA mats.
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