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A. Bovine Serum Albumin (BSA)

Bovine serum albumin (BSA, > 98.0%, Sigma-Aldrich, Steinheim, Germany) is a
water-soluble monomeric protein with a molecular mass of 66.4 kDa [1]. It is one
of the most studied proteins and is frequently employed as model protein for bio-
physical studies such as investigations of thermal denaturation. In this context, BSA
was shown to have an increased tendency for protein aggregation at elevated con-
centrations and temperatures, particularly at high concentration formulations [2}44].
This process has been extensively studied using different analytical techniques, such
as differential scanning calorimetry [2], static and dynamic light scattering [5] and
fluorescence spectroscopy [1]. However, particularly IR spectroscopy offers the unique
property of providing structural information of dynamic processes over a wide con-
centration range [2H4]. In IR spectroscopy, protein measurements are often performed
in deuterated water (D20, 99.9 atom % D, Sigma-Aldrich, Steinheim, Germany) in
order to avoid the overlap of the HOH-bending band of water with the protein amide
I band. When working with a deuterated solution, the amide I band shows a shift of
5-10 cm ™! to lower wavenumbers and is then referred to as the amide I’ band [6]. Un-
der ambient conditions, BSA predominantly consists of an a-helical secondary struc-
ture that results in an IR spectrum with an amide I’ band maximum at 1651 c¢m ™!
in deuterated solution. This structure is stable up to 40 °C. At higher temperatures,
heat induced denaturation occurs and conformational changes are partly reversible
until approximately 60 °C. At higher temperatures irreversible aggregation occurs [7].
The progression of this aggregation process is strongly affected by the heating time,
protein concentration, pH and salt concentrations. Heat-induced denaturation is ac-
companied by the formation of intermolecular S-sheets with associated IR bands at
1615 ecm ™! and 1685 cm~! in deuterated solution.

Figure 1(a) shows the amide I’ band in the 1580 - 1700 cm™! spectral window. As
reported in the literature [7}[8], we can observe different transitions from the secondary
structure of BSA.



B. QCLD Device Design

The device fabrication was performed in the in-house state-of-the-art cleanroom
facilities ZMNS (Center for micro and nanostructures) at TU Wien. Table [I| shows
the QCLD waveguide structure (the detailed AR sequence can be found in ﬂgﬂ)

Material x (%) | Thickness (nm) Doping (cm™?)
InP (substrate) - 350 pm 2-4 x 1017
In,Gai_,As 53 500 5 x 1016
37 x cascaded AR
In,Gai_,As 53 300 5 x 1016
In,Al,_,As 52 600 + 800 | 1x10'7 + 2 x 107
In,Ga;_,As 53 350 4 10 8x 10 + 1 x 1019

Supplementary Table 1: QCLD waveguide structure. For more details see @

The implemented DFB grating in the upper cladding further stabilizes the emitted
wavelength of the QCL and thus increases the sensitivity of a QCLD-based sensor .
This allows the device to address a wider concentration range (<100 ug ml~! to
>90 mg ml~!) and distinguish it from laser power fluctuations and occasional mode-
hops. For adequate optical output power of the QCLs, we implemented weakly coupled
DFB gratings. Even though leading to broader spectral modes (~2 cm™!), they are
still suitable to address the broad absorption features of BSA in D5O.

C. QCLD Device Characterization
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Supplementary Figure 1: On-chip QCL and QCD characterization. a Comparison of the QCD spectral
response (black, dashed) with the spectral emission of Laser 1 around 1597 cm™ ! (red) and Laser 2 around
1620 cm™! (green). Laser tuning measurements at 1597 cm ™! are shown in b (spectra) and d (spectral
peak tuning) and at 1620 cm™t e (spectra), and e (spectral peak tuning)

Figure a) shows the detailed analysis of the two lasers at ~1597 cm™' and



3

~1620 cm~! and their spectral overlap with the on-chip QCD. In addition, we analyzed
the thermally/electrically induced spectral tuning under various laser driving condi-
tions for pulsed operation (pulse length: 100 ns, repetition rate: 5 kHz) in Fig. (b)
and (c) and observe continuous and mode-hop free tuning, as seen from Fig. d) and

(e).

D. Mid-IR Ellipsometry Measurements of PECVD SiN
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Supplementary Figure 2: IR Ellipsometry data of PECVD-deposited SiN. Optical constants of the
SiN that was used as dielectric-loading layer in the on-chip DLSPP waveguide, measured between 2 pm and
11 pm wavelength.

We performed infrared ellipsometry measurements of SiN deposited with a regular
PECVD (plasma enhanced chemical vapor deposition) reactor (Oxford Plasmalab
80 Plus) at 300 °C with the same recipe as for the DL layer of the on-chip DL-
SPP waveguides. The values of n and k at the wavelength of interest of A ~ 6.17 pm
are extracted to be ngjy = 1.79 and kgin = 0.012.

E. LOD Calculation

We use the standard definition for the LOD: LOD = 3 - std(t) slope™! [11], where
std(t) is the standard deviation of the measured signal during the signal recording
time t and the slope is the slope m of the calibration function, as shown in Fig. [3] for
the QCLD sensor.
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Supplementary Figure 3: Concentration dependent detector signal measurement.
signal (in V) is shown as function of the BSA concentration. We use a linear fit in the low concentration

range up to 25 mg ml™

F. Heating Rate of BSA in the Thermal Denaturation Experiment

We compared the heating rates for the three BSA concentrations of 20, 40 and
60 mg ml~! during the denaturation experiments. Figure [4] shows that the heating
rates (expressed as their 1st derivative) are similar for all three concentrations.
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Supplementary Figure 4: Heating rates per BSA concentration. Comparison of the 15 derivative of
the heating rate in (°C s™!) for the three different BSA concentrations: 20 mg ml~! (red), 40 mg ml~?!
(blue) and 60 mg ml~! (violet).
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