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Figure SI1. Photographs of the setup and sensor array.
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Table SI1: Comparison of different sensor techniques.

Sensor 
type

Operating 
Temp

Power 
consumpti
on

Sensitivity Selectivity Reproduci
bility

Response 
time

Ref.

metal-
oxide 
semi-
conductor

~300-400°C High >0.1ppm Poor Moderate Fast 1-4

Conductin
g polymer

Ambient Low 0.01ppm Moderate Good Moderate 4-5

Quartz 
crystal 
micro-
balance

Ambient Low >0.1ppm
Poor to 

high#
Moderate#

Slow to 

fast#
4, 6-7

surface 
acoustic 
wave

Ambient Low ppb
Poor to 

high#
Moderate#

Slow to 

fast#
4, 8-9

gas 
chroma-
tography

Ambient-

elevated
Very high ppt-ppq High Good

Slow / Very 

slow
10-16

Notes:
# Depending on the surface functionalization.
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Figure SI2. Scanning electron microscopy (SEM) of the samples. The sample names (S1, S2, S3 and S4), the scale 

bares as well as the parameters are given in the images. a) Top view images of all 4 samples. All top view images 

are recorded with the secondary electron (SE) detector.

b) Cross-section of sample S2. The left image is taken with the SE detector. The right image is taken with the back-

scattered electron (BSE) detector, showing the silver layer of the substrate. The thickness d of the SURMOF on the 

silver film is estimated to 0.2 µm.
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Figure SI3: IRRA spectra of the Cu2(F2AzoBDC)2(dabco) SURMOF. The thermally-relaxed sample (100% trans) is 
labeled as dark (black). The sample upon irradiation with violet, blue and green light are shown in violet, blue and green. 



6

Figure SI4. E-nose responses to the exposure to 1-butanol (a-c) and n-hexane (d-f) vapor as a function of time. All 

azobenzene-groups in the sensor array are in the 100%-trans state in a) and d) and in the 86%-cis-state in b) and e). 

In panel c) and f), the sensor array is photoprogrammed so that the azobenzene groups are in 100%-trans (0%-cis) 

in sensor 1 (S1), 14%-cis in sensor 2 (S2), 47%-cis in sensor 3 (S3) and 86%-cis in sensor 4 (S4). The light-grey 

data in panel a) and c) are from the blank reference sample. The insets show zoom-ins of the data at the end of the 

analyte exposure where the y-scale is 20 Hz.

 

Figure SI5. Linear discriminant analysis (LDA) of the VOC data recorded with the e-nose where all sensors are in 

the 100%-trans-state (left), in the 86%-cis-state (center) and in the selectively photoprogrammed state (S1 0%, S2 

14, S3 47% and S4 86% cis, right). The axes are the linear discriminants LD1 and LD2. The molecules are labelled 

in the legend. The discrimination accuracies are 47.1% (left), 81.5% (center) and 100% (right). 
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Figure SI6. E-nose response to the exposure to 1-propanol (a), cyclohexane (b), 1-butanol (c) and n-hexane (d) 

vapor as a function of time. The sensor array is photoprogrammed so that the azobenzene groups are in 86%-cis in 

sensor 1 (S1), 47%-cis in sensor 2 (S2), 14%-cis in sensor 3 (S3) and 0%-cis (100%-trans) in sensor 4 (S4).  

e) Confusion matrix of the 4 molecules and their classification. The insets show zoom-ins of the data at the end of 

the analyte exposure.
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Figure SI7: E-nose response to the exposure to 1-propanol for 3 consecutive cycles. The sensors of the array are in 

the 100%-trans state in a) and c) and in the photoprogrammed-state in b) and d), i.e. 0%-cis in sensor 1 (S1), 14%-cis 

in sensor 2 (S2), 47%-cis in sensor 3 (S3) and 86%-cis in sensor 4 (S4). The time course of the sensor signal is 

shown in a) and b). The sensor signals at the end of the VOC exposure are shown in c) and d). The standard deviations 

of the three measurements of each individual sensor are between 0.26 Hz and 0.49 Hz in c) and 0.15 Hz and 0.4 Hz 

in d).

Figure SI8: E-nose response to the exposure to 1-propanol for 3 consecutive cycles. The sensor is in the 100%-trans 

state. The data in a) were recorded with the pristine sample, the data in b) were recorded after 1 week. The sample 

was stored in pure nitrogen. The standard deviation of the signal response at the end of the three VOC exposure 

cycles is 0.5 Hz in a) and 0.4 Hz in b). The difference between the mean values is approximately 0.1 Hz.
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Figure SI9: E-nose response to the exposure to 1-propanol (a, black), cyclohexane (b, red), n-hexane (c, green) and 

1-butanol (e, blue). The sensor is in the 100%-trans state. The data are recorded with the pristine sample (left-hand 

side), the data are recorded after 2 week (center) and after 1 month (right-hand side). The sample was stored in pure 

nitrogen. e) The comparison of the observed frequency shifts at the end of the VOC exposure (d) show signal changes 

of less than 0.4 Hz.
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SI: Vapor pressure determination by dew point

Figure SI10: Dew points of VOC vapors. The gas flows enriched with the vapors of 1-propanol (a), 1-butanol (b), 

cyclohexane (c) and n-hexane (d) were flowing over a blank QCM sensor. The temperature of the QCM sensor was 

decreased step-by-step, starting from 25°C with 1°C step size. The vapors were made by bubbling the nitrogen gas 

flow through the wash bottles at room temperature, 23°C, see experimental section and figure 1b. When the 

temperature of the QCM sensors was below the dew point of the vapor, the vapor condensed and the mass on the 

QCM sensor increased, i.e. the frequency shift decreased. The determined dew points are 19°C for 1-propanol, 17°C 

for 1-butanol, 14°C for cyclohexane and 14°C for n-hexane. This corresponds to vapor pressures of 19 mbar for 1-

propanol, 5 mbar for 1-butanol, 78 mbar for cyclohexane and 124 mbar for n-hexane.

Table. Saturated vapor pressure of the targeted VOCs at 23 oC.

Vapor Pressure / bar Ref.

1-propanol 0.025 17

n-hexane 0.185 18-19

1-butanol 0.0078 17

cyclohexanone 0.119 18, 20

Table. Saturated vapor pressure of the targeted VOCs at the determined dew temperatures.

dew temperature / oC Vapor Pressure / bar Ref.

1-propanol 19 0.0193 17

n-hexane 14 0.124 18-19

1-butanol 17 0.0052 17

cyclohexanone 14 0.078 18, 20
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Figure SI11: The structure of Cu2(F2AzoBDC)2(dabco). The azobenzene side groups of the SURMOF can isomerize 

from the trans form (left-hand side) to the cis form (right-hand side) and vice versa. Since the isomerization occurs 

upon excitation of the n-π* transition with visible light, the trans-cis isomerization process of the azobenzene moiety 

most likely happens via rotation around the N=N bond.21-22 The transition state with red arrows indicating the rotation 

is sketched in the center. There is sufficient space in the MOF pores for the trans-cis isomerization. Carbon atoms 

are shown in gray, oxygen in red, copper in orange, fluorine in green and nitrogen in blue. Hydrogen atoms have 

been omitted.
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