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1. Materials:
11-mercapto-1-undecanol (MUD, >99.5%), copper acetate monohydrate (Cu(CH5COO),H,0, >99.5%), chiral
(1R,3S)-(+)-camphoric acid (DCam, >99.9%), 1,4-diazabicyclo[2.2.2]octane (dabco, >99.9%), 2,2'-bipyridine (Bipy,
>99.9%), trimesic acid (BTC, =>99.9%), R-/S-1-phenylethylamine (R/S-PEA, >99.9%), R-/S-1-phenylethanol (R/S-
PhOH, >99.9%) and R-/S-Limonene(R/S-Lim, >99.9%) were obtained from Thermofisher Scientific. Absolute
ethanol was purchased from VWR. Au@Si-wafer was purchased from PVD Beschichtungen, Silz. All solvents and
chemicals were used without further purification.

SURMOF synthesis:

The SURMOF thin films were prepared in a layer-by-layer fashion, following previously optimized synthesis
descriptions.* The SURMOF samples were prepared by alternatively exposing the substrate to the metal node and
to the linker solutions, using a dipping robot method.3 The HKUST-1 MOF film was prepared from ethanolic 0.2mM
copper acetate and ethanolic 0.1 mM trimesic acid (BTC) solutions. An isoreticular series of homochiral pillared-
layer MOFs of type Cu,(Dcam),(dabco) and Cu,(Dcam),(Bipy) with identical chiral (1R,3S)-(+)-camphoric acid
(Dcam) layer linker and different pillar linkers of type diazabicyclo[2.2.2]octane (dabco) and 4,4'-bipyridyl (BiPy)
was prepared. The pillar-linkers (dabco or BiPy) are coordinated to the axial positions of the copper dimers, forming
pillars of different lengths, perpendicular to the chiral Cu,(Dcam), layers. All samples were prepared in 180
synthesis cycles. Prior to SURMOF synthesis, the gold-coated Si substrates are functionalized with an 11-mercapto-
1-undecanol (MUD) self-assembled monolayer (SAM). This results in a [001] crystal orientation of the SURMOF
perpendicular to the substrate surface. Sketches of the synthesized SURMOF structures, which are
Cu,(DCam),(dabco), Cu,(DCam),(Bipy) and HKUST-1 are shown below, see labels.

The SURMOFs are made with 180 synthesis cycles and the films have a thickness of approximately 500nm (see
Figure S3). This means that, in average, the SURMOF thickness increases by almost 3 nm per synthesis cycles. Such
growth rates, which are somewhat larger than the (ideal) single-layer by single-layer growth rate are in line with
thorough previous studies on the growth processes.3””

Cu,{DCam),(dabco) Cu,(DCam),(Bipy)

Figure S1: The sketches of the synthesized SURMOF structures, left: Cu,(DCam),(dabco), middle: Cu,(DCam),(Bipy) and right: HKUST-1.



Characterization and sensing experiment:

The X-ray diffraction (XRD) analysis was performed using a Bruker D8-Advance diffractometer with a Bragg—
Brentano (6-6) geometry (also referred to as out-of-plane) with a Cu-anode radiation wavelength of A=0.154 nm.
The (111) peak of the gold substrate is used as a reference, verifying the correct sample height.

A Fourier transform infrared reflection absorption spectrometer (IRRAS) Bruker Vertex 80 was used for the
vibrational spectroscopy of the samples. The spectra were recorded in grazing incidence reflection mode at an
angle of incidence of 80° relative to the surface normal using a liquid nitrogen-cooled mercury-cadmium-telluride
mid-band detector.

SEM images were recorded with a TESCAN VEGA3 tungsten heated filament scanning electron microscope.
The samples were coated with a thin (~10 nm) Au/Pd film to avoid charging effects. The sample was imaged under
high vacuum conditions and using an acceleration voltage of 20 kV.

UV-vis reflectance spectra were recorded with an Agilent Cary 5000 spectrometer and UMA unit. The analyte
vapors are detected using an Agilent Cary 5000 UV-vis spectrometer at room temperature (25°C), and the FP-chiral-
SURMOF film samples are located in a cuvette with a gas in/out tube system. The wavelength resolution was set
to 0.1 nm. The spectra were recorded in reflectance with an angle of 30° to the surface normal. The position of the
reflectance peak wavelength was determined by fitting a Gaussian function to the data in a range of about 20 nm.
The intensity of the reflectance peak (in a range of 5nm around the reflectance peak maximum) was also used as
a sensor response, in addition to the peak shift. The gas inside the cuvette was controlled by two mass flow
controllers (MFCs). The gas stream of the carrier gas (nitrogen) was divided into 2 streams, one stream provides a
constant nitrogen flow of 300 ml min1. The other stream passes through the liquid-filled wash bottle to produce a
vapor-enriched stream with a vapor pressure close to the saturated vapor pressure. Both gas streams were
combined with fixed flow rates, controlling the partial pressure in the final gas stream. Initially, the samples were
stored in a pure nitrogen atmosphere overnight, to realize SURMOFs with empty pores (referred to as pristine
samples). The adsorption step (i.e. the analyte exposure) lasted 1h. The desorption step (i.e. the release of the
analytes) in a pure nitrogen atmosphere was 2h, to ensure that all chiral odor molecules are desorbed and the
pores are empty again.

The photos of the sensors for colorimetric response analysis are taken with an iPhone XR. The sensors were
placed in a sealed transparent Petri dish with a gas flow going in and out (via tubes). An iPhone XR, fixed at a
distance of 40 cm, was used to take the photos.

Data analysis and classification were performed using standard k-nearest neighbor (k-NN), Support Vector
Machine (SVM) and Artificial Neural Network (ANN) machine learning algorithms via program codes written in
Python 3 and performed in the open-source platform: Jupyter Notebook. For the k-NN, SVM, and ANN
classification, a total of 50 data points of the reflectance intensity values at the reflectance peak (5nm around
reflectance peak: ~466nm for Cu,(DCam),(dabco), ~462nm for Cu,(DCam),(Bipy), ~578nm for HKUST-1 FP film with
resolution of 0.1nm) were collected before and after the odor exposure. Each data point for analysis includes the
reflectance intensity changes of the FP-chiral-SURMOF film, thus each data point is a 3-dimensional vector. A total
of 350 data points for analysis were collected for the pristine sample and the 6 analytes (i.e. the 3 pair of chiral
odors). The K value in k-NN was set to 18 (which is close to the square root of 350). The kernel function in SVM was
set as linear function, and the hidden layer sizes in ANN was set to 10. Data were classified using 5-fold cross
validation, where 90% of the data points (i.e. 315 points) were used as the training set, and 10% were used as the
test set (35 points). The outcome of the k-NN, SVM, and ANN algorithm is the grouping of the data to the different
classes and the comparison of the assignments to the classes that were correct or wrong, shown in the confusion
matrix. The used program codes are given in ref.810,



3. Principle of a Fabry-Pérot sensor:

In a Fabry-Pérot cavity, the light is reflected at both surfaces of a thin film. The different (multiple-
reflected and non-reflected) light beams interfere, resulting in constructive and destructive interference.
More details are given in refs.!!"13 Briefly, the FP principle is:

The wavelengths (1) of the reflected interference peaks are given by

mA=2ndcosb, (1)

where m is the reflection order (1, 2, 3, ...), d is the film thickness (here the SURMOF thickness), 7 is the
refractive index (RI) of the SURMOF film, and & is the incident angle (i.e. the angle between the surface
normal and the angle of the incident and reflected light, which is 30° in the experiments).

The RI of the SURMOF film (74,mplc) increases with the embedment of molecules (i.e. the analytes) in the
porous film. The RI of the pristine SURMOF without guest molecules in the pores is #pyigtine surMor and
the RI of the analyte is 7naiye. The effective RI value of the sample can be calculated by!4 13:

2 _ 2 . 2
nsample - np‘ristine SURMOF + (x nanalyte) (2)

where x is a factor describing the amount of analytes in the SURMOF pores. Generally, x depends on the
volume fraction of the analytes and, therefore, depends on the free pore volume, the host-guest interaction
and the vapor pressure. For small vapor pressures (i.e. in the Henry region of the isotherm), x is also
proportional to the vapor pressure of the analytes. There, by combining eq.1 and 2, the shift of the
reflectance peak is proportional to the chiral vapor concentration and to the selective adsorption behavior
of the chiral SURMOFs for different analytes.

In a previous study based on experiments with a quartz crystal microbalance?, it was found that the
enantioselective uptake of chiral guest molecules by SURMOFs Cuy(Dcam),(dabco) and
Cuy(Dcam),(Bipy) differ significantly, although the chiral centers in both MOFs are identical. There, it
was found that the uptake of S-lim is significantly larger than of R-lim in both MOFs, Cuy(Dcam),(Bipy)
and Cuy(Dcam),(dabco). This is in line with the data in Figures 2 and S5. Moreover, as expected for the
achiral HKUST-1 SURMOF, a clear difference between the different molecules (Lim, PEA or PhOH)
was found but no difference between the isomers (S or R). A similar selectivity has been found in our
previous study using a gravimetric transducer technique.'®
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Figure S2: The Fourier Transform Infrared Reflection Absorption Spectra (IRRAS) of the SURMOFs films: a) Cu,(DCam),(dabco): The
absorption bands at 1624 cm™ and 1467~1401 cm™ are ascribed to the v, and v; stretching bands of COO- groups, according to refs.17. 18
c) Cu,(DCam),(Bipy): The bands at 1614 cm™ are assigned to stretching bands of COO- groups, according to refs.'® e) HKUST-1: The
symmetric COO" stretch vibration at ~1390 cm™, C-H stretch vibration at 1452 cm™, and asymmetric COO" stretch vibration at 1640 cm™
are assigned according to refs,1%-21

Cuy(BDC),(dabco) b) Cuy(BDC),(Bipy) HKUST-1
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Figure S3: The cross-section SEM images of the Cu,(DCam),(dabco) film (a) and d), left), Cu,(DCam),(Bipy) film (b) and e), middle), and
HKUST-1 film (c) and f),right).
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Figure S4: The intensity changes of the reflectance peak of the FP-Cu,(DCam),(dabco) film versus concentration.
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Figure S5: The reflectance spectra of the FP-Cuy(DCam),(dabco) film in different analyte vapors. The analytes and concentrations are
labeled. The insets show the peaks with the Gauss fittings (lines) in the range of 460-490nm.
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Figure S6: a) The reflectance spectra of the FP-Cuy(DCam),(Bipy) in different saturated analyte vapors. b) The wavelength shift of the
reflectance peak of the FP-Cu,(DCam),(Bipy) film versus vapor concentration. c) The intensity changes of the reflectance peak of the FP-
Cu,(DCam),(Bipy) film versus concentration. d) The wavelength shift of the reflectance peak of the FP-Cu,(DCam),(Bipy) film for R-Lim at a
concentration of 300 ppm. Different odor exposures were repeated, testing the repeatability and reproducibility.
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Figure S7: The reflectance spectra of the FP-Cu,(DCam),(Bipy) film in different analyte vapors. The analytes and concentrations are labeled.
The insets show the peaks with the Gauss fittings (lines) in the range of 460-490nm.
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Figure S8: a) The reflectance spectra of the FP-HKUST-1 film in different saturated analyte vapors. b) The wavelength shift of the reflectance
peak of the FP-HKUST-1 film versus concentration. c¢) The intensity changes of the reflectance peak of the FP-HKUST-1 film versus
concentration. d) The wavelength shift of the reflectance peak of the FP-Cu,(DCam),(Bipy) film for R-Lim at a concentration of 300 ppm.
Different odor exposures were repeated, testing the repeatability and reproducibility.
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Figure S9: The reflectance spectra of FP-HKUST-1 film in different analyte vapors. The analytes and concentrations are labeled. The insets
show the peaks with the Gauss fittings (lines) in the range of 570-600nm.
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Figure S10: The k-NN confusion matrices of FP-SURMOFs for the 6 analytes (i.e. 3 pairs of chiral odors) at a concentration of a) 100ppm, b)
200ppm and c) 300ppm.
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Figure S11: The SVM confusion matrices of FP-SURMOFs for the 6 analytes (i.e. 3 pairs of chiral odors) at a concentration of a) 100ppm,
b) 200ppm and c) 300ppm.
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Figure S12: The ANN confusion matrices of FP-SURMOFs for the 6 analytes (i.e. 3 pairs of chiral odors) at a concentration of a) 200ppm
and b) 300ppm.
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Figure S14: The X-ray diffraction (XRD) data of the FP-SURMOF-films samples, before and after the sensing experiments. The data
indicate that the samples are stable and the crystallinity is not affected by the analyte exposure.
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Table S1: The RGB values of the FP-SURMOF sensors in saturated vapors of the chiral odors. The RGB numbers are averaged from 10
measurements (i.e. 10 consecutive photos).

Cu,(DCam),(dabco) Cu,(DCam),(dabco) HKUST-1
Pristine (115,145,92) (57,67,42) (200,172,37)
R-PEA (131,137,63) (47,47,30) (170,147,41)
S-PEA (119,131,78) (42,55,31) (170,145,41)
R-PhOH (127,133,65) (31,42,28) (165,140,43)
$-PhOH (123,135,70) (38,45,29) (165,141,42)
R-Lim (115,142,86) (52,54,31) (175,148,36)
S-Lim (117,139,82) (50,56,32) (175,148,38)
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Table S2. Sensor parameters of the FP-chiral-SURMOF film. The limit of detections (LODs) are calculated by the
(wavelength or intensity) sensitivities divided by 3 times the standard deviations. The wavelength standard deviation
was determined by the variation of the peak intensity of the pristine sample in three subsequent measurements,
which is 0.1nm. The intensity standard deviation was determined by the variation of the peak intensity of the pristine
sample in three subsequent measurements, which is 0.01%.

Analyte | FP-SURMOF film \éveivse.t'ﬁflitfl Wavelength-LOD sé?]ﬁﬂi.'gm Intensity-LOD
102 nm /ppm N ppm 10/ ppm N ppm

Cuy(DCam),(dabco) 3.2 9.4 -2.0 15
R-PEA Cu,(DCam),(Bipy) 24 12.5 -1.5 20
HKUST-1 2.9 10.3 -1.1 27.3
Cuy(DCam),(dabco) 2.4 12.5 -1.6 18.8
S-PEA Cu,(DCam),(Bipy) 2.1 14.3 -1.2 25
HKUST-1 2.9 10.3 -1.1 27.3
Cuy(DCam),(dabco) 29 10.3 -1.8 16.7
R-PhOH Cu,(DCam),(Bipy) 34 8.8 -1.8 16.7
HKUST-1 34 8.8 -14 214
Cuy(DCam),(dabco) 2.7 111 -1.7 17.6
S-PhOH Cu,(DCam),(Bipy) 27 11.1 -1.7 17.6
HKUST-1 34 8.8 -14 214
Cuy(DCam),(dabco) 1.0 30 -0.8 37.5
R-Lim Cu,(DCam),(Bipy) 1.4 214 -0.9 33.3
HKUST-1 2.1 14.3 -0.7 42.9
Cuy(DCam),(dabco) 1.6 18.8 -1.1 18.8
S-Lim Cuy(DCam)y(Bipy) 1.8 16.7 -1.0 30
HKUST-1 2.1 14.3 -0.7 42.9
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