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Synthesis of BDPQ-Oct:

The synthesis of BDPQ-Oct was followed the route outlined in Figure S1. Compound 1 was
synthesized following a previously described method [S1]. A two-neck round-bottom flask,
compound 1 (100 mg, 0.23 mmol) and compound 2 (99.4 mg, 0.92 mmol) were dissolved in
EtOH (7.5 mL), followed by the addition of acetic acid (15 mL). The reaction mixture was
stirred and heated to reflux at 120 °C for 4 hours. Upon completion, the aqueous layer was
extracted with with dichloromethane, and the organic phase was dried over anhydrous MgSOea.
The solvent was then evaporated under reduced pressure, and the resulting crude product was
subjected to purification via column chromatography using a hexane/DCM (1:1) eluent,
affording BDPQ-Oct as a red solid in a yield of 32%. 'H NMR (300 Hz, CDCl3) 6 = 0.85 (t, J
=8.4 Hz, 12H ), 1.25 (s, 2H ), 2.01-2.11 (m, J= 3.6 Hz, 4H ), 4.64 (t, J= 7.2 Hz, 4H ), 7.68-
7.74 (m, J=11.4 Hz, 2H ), 7.77-7.83 (m, J = 3Hz, 2H), 8.18 (d, /= 8.1 Hz, 2H ), 8.35 (d, J =
8.1 Hz, 2H ), 8.58 (s, 2H ) ppm.'3C NMR (75 Hz, CDCl;) 6 = 1.0, 14.0, 22.6, 27.1, 28.4, 29.2,
29.3,29.7,31.8,41.9, 102.9, 122.5, 125.9, 127.9, 129.3, 139.1, 139.3, 139.7, 141.2 ppm. MS
(ET") calcd. for C3g Hyy Ng: 584.3627 ; found : 584.3630.

0
N HaN ACOH,EtOH ;
(e} o +

4 N H,N 80 °C 4 h, 32%

2 BDPQ-Oct

Figure S1. Synthetic reagents and conditions to BDPQ-Oct.



Figure S2. Top-view FESEM images of ZnO NRs.
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Figure S3. XRD profiles of ZnO, ZnO BDPQ-Oct, and ZnO BDPQ-Oct exf device.
Reference XRD profiles of ZnO (JCPDS No. 36-1451) is inserted for comparison.
Characteristic XRD peaks assigned to ZnO and BDPQ-Oct are marked by # and ®, respectively.



Figure S4. CLSM images of ZnO BDPQ-Oct sample excited by (a) 488 nm laser (Aexcitation =
488 nm) and (b) 555 nm laser (Aexcitation = 355 nm), received the PL emission wavelength ranging
from 500 to 630 nm (Acopection = 500—630 nm). (c) CLSM images of ZnO BDPQ-Oct exf
sample under the condition of Aeycitation = 555 nm and Agojiection = 500—630 nm. CLSM images
of (d) ZnO BDPQ-Oct sample and (¢) ZnO BDPQ-Oct_exf sample under the condition of
Aexcitation = 639 nm and Acgjiection = 630—700 nm. (f) Overlapping CLSM image of (b) and (d).



Characterization:
At a room temperature of 25°C, we measured the photoresponsivity of different sensing

devices exposed to a UV light-emitting diode (LED) (peak wavelength: 365 nm), a red LED
(peak wavelength: 630 nm), and a white LED.UV, using a light sensing apparatus shown in
Figure S5(a). The device was placed within a probe station that connected its two electrodes to
a semiconductor parameter analyzer (4155C). With a bias voltage of 5 V applied across the two
electrodes, the devices were subjected to illumination from a light source that cycled on and off
in 30-second intervals. The photo sensitivity and photoresponsivity of the light-sensing device
was calculated using the following formulas:

I,-1;

P 0% 100%

Photo sensitivity (%) = Iy (1)
I,~1g
Photoresponsivity (A/W)= P (2)

, where I, and 14 are the photocurrent and dark current of the devices, respectively, and P is the
power of the illumination light sources.

The gas sensing device was initially placed in a sensing chamber to evaluate its sensitivity
to acetone and carbon monoxide (CO) gas. Similarly, the two electrodes of the devices were
connected to a source meter (Keithley), as shown in Figure S5(b). With a bias voltage of 5 V
applied across the two electrodes, the device was exposed to consecutive cycles of zero gas and
target gas to measure the corresponding real-time changes in resistance. Under ambient
temperature of 25°C, the inflow of zero gas and target gases into the gas sensing chamber can
be controlled using a mass flow controller (MFC). Once the zero gas has been introduced into
the chamber and the resistance of devices had stabilized, this resistance was denoted as R,,.
When 300 ppm of the target gas was introduced into the chamber, replacing the zero gas, the
resistance of the devices was denoted as R,. By repeating the gas exchange at fixed intervals,
the gas sensitivity was calculated using the following equation:

R_-R

g % 100%

Gas sensitivity = Ry 3)

, where R, and R, are the resistance of devices exposed to the target gas and zero gas,

respectively.
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Figure S5. Schematic illustration of (a) light and (b) gas sensing apparatus.
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Figure S6. R-t responses of ZnO, ZnO BDPQ-Oct, and ZnO_BDPQ-Oct_exf devices under
various light conditions for acetone and CO gas sensing. Acetone gas sensing of (a) ZnO, (b)
ZnO_BDPQ-Oct, and (c) ZnO_BDPQ-Oct_exf devices in dark conditions. CO gas sensing for
(d) ZnO, (e) ZnO_BDPQ-Oct, and (f) ZnO BDPQ-Oct exf devices in dark conditions. Acetone
gas sensing of (g) ZnO, (h) ZnO_BDPQ-Oct, and (i) ZnO_BDPQ-Oct_exf devices under UV
LED illumination. CO gas sensing of (j) ZnO, (k) ZnO_BDPQ-Oct, and (I) ZnO_BDPQ-
Oct _exf devices under UV LED illumination. Acetone gas sensing of (m) ZnO, (n)
ZnO BDPQ-Oct, and (0) ZnO BDPQ-Oct _exf devices under white LED illumination. CO gas
sensing of (p) ZnO, (q) ZnO_BDPQ-Oct, and (r) ZnO_BDPQ-Oct_exf devices under white

LED illumination.
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The Al processing procedure performs the following goals

1. Converts raw time-series sensor data (from two channels) into CNN-compatible
samples using a sliding window.
2. Labels the data into two classes representing different gas conditions (or sources).

3. Builds a 1D Convolutional Neural Network (CNN) for training and classification.
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4. Evaluates model performance using accuracy and confusion matrices.
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CNN MODEL:

Ytrain = categorical(Ytrain);
Ytest = categorical(Ytest);

layers = [
sequencelnputLayer(frame_size)
convolutionldLayer(15, 15, 'Padding', 'same")
reluLayer
batchNormalizationLayer
convolutionldLayer(15, 10, 'Padding’, 'same")
reluLayer
batchNormalizationLayer
convolutionldLayer(15, 5, 'Padding', 'same')
reluLayer
batchNormalizationLayer
flattenLayer
fullyConnectedLayer(2)
softmaxLayer
classificationLayer

I;
Layer Description:

Layer Type Function
sequencelnputLayer(...) Input layer: 500-length time-series per sample.

1D convolution: extracts local temporal features using

convolutionldLayer(...) X3 varying filter sizes.

reluLayer Non-linear activation to increase expressiveness.
batchNormalizationLayer Normalizes data to accelerate and stabilize training.
flattenLayer Flattens feature maps into 1D vector.
fullyConnectedLayer(2) Final layer: outputs probabilities for 2 classes.
softmaxLayer + Converts outputs to class probabilities and computes
classificationLayer classification loss.

frame_shift = 25;

oy is the label vector: each sample is labeled as class 1 (from x1) or class 2 (from x2).
e size(X 1, 1): Number of samples from x1.
e X: Merged feature matrix, where each row is a 500-point sample.
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