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Linear discriminant analysis (LDA)

Linear discriminant analysis (LDA) was empolied to statistically analyze the sensing data, the result
of which can provide a quantitative indication of the ability of the sensors in distinguishing among
different VOCs. With LDA, the sensing data were associated with predetermined groups, and new
cases can be classified into those groups. Three discriminant functions (response, response time and
recovery time) were employed to classify the target gases into two groups (acetone and interfering
gases).

1. Calculate the average m;
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Where 1 is the classes of gases, m;=acetone, m,=interfering gases; j is the number of variables
(1=response, 2=response time, 3=recovery time).
2. Calculate the intra-/inter-class scatter matrix

within-class scatter matrix
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Where, ¢ is the number of categories, the value of cis 2, m is a vector which has three values and
show the average of all samples in each variables, m, is similar with m and shows the average of
each variables in category i, N, is the number of sample in category i, X, is the vector of sample &
in category i which has three variables.
3. Calculate eigenvalues and eigenvectors
Si'Sy
Since eigenvalues are sorted in descending order, the greatest amount of data variance will be

closed. The corresponding eigenvector is W.

4. Calculate the new matrix

Where i is the classes of gases

5. The test sample can be assigned into one of the two available classes in new space depends on
its Euclidean distances with training samples.
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Fig.S1 FTIR spectra of DMBIM ligand, (a)Au-ZnO@ZIF 5 nm and (b)Au-ZnO@ZIF 50 nm-
DMBIM
New peaks (813 cm™! and 854 cm!) correspond to the C-H out-of-plane deformation vibrations in the
phenyl rings of DMBIM. The red shift of these two peaks and the disappearance of N-H stretching
vibrations at 3100 cm™! are attributed to the deprotonation of DMBIM and subsequent Zn-DMBIM

coordination.
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Fig.S2 "H-NMR spectra of the dissolved (a) ZnO@ZIF 5 nm-DMBIM

and (b) ZnO@ZIF 50 nm-DMBIM
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Fig.S3 N; sorption isotherms of ZIF-8 and ZIF-8-DMBIM (the inset: pore size analysis)
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Fig.S4 (a) Acetone and (b) Toluene vapor sorption measurements of ZIF-8 and ZIF-8-DMBIM at
room temperature
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Fig.S5 Acetone and water vapor sorption measurements of ZIF-8-DMBIM at room temperature



Table S1. Physical parameters of selected gas and vapor adsorbates.

Sample VTR vy PN 1T R £ R
acetone 0.47 0.26 186.7/157.1 16
toluene 0.585 0.344 112.6 / 86.7 23
ethylbenzene 0.60 0.378 95.9/53.6 44

[a] Gas molecules are expected to be spheres. [b] ZIF-8 / ZIF-8-DMBIM (P/Py=0.8). [c] Vapor sorption of ZIF-8-
DMBIM compared with ZIF-8.
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Fig.S6 SEM images of (a) Au-ZnO@ZIF 30 nm-DMBIM and (b) Au-ZnO@ZIF 50 nm-DMBIM
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Fig.S7 (a) XPS patterns of Au-ZnO@ZIF 30 nm-DMBIM; (b)-(d) high resolution XPS patterns of
Au-ZnO@ZIF 30 nm-DMBIM corresponding to Au 4f, Zn 2p, and N1s respectively
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Fig.S8 TEM images of (a) Au-ZnO@ZIF 30 nm and (b) Au-ZnO@ZIF 50 nm
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Fig.S9 Response-recovery curves of (a) Au-ZnO@ZIF 5 nm (b) Au-ZnO@ZIF 5 nm DMBIM (c)
Au-ZnO@ZIF 50 nm (d) Au-ZnO @ZIF 50 nm-DMBIM at 275°C to 100 ppm acetone with different
relative humidity
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Fig.S10 Response-recovery curves of Au-ZnO@ZIF 30 nm at 275°C to 100 ppm acetone with
different relative humidity
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Fig.S11 The response-recovery curve of Au-ZnO to 100 ppm acetone with different relative

humidity.
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Fig.S12 Response-concentration log-log plots comparison of different sensors.
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Fig.S13 Normalized response-recovery curves of Au-ZnO@ZIF to 100 ppm acetone at 275°C
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Fig.S14 Normalized response-recovery curves of Au-ZnO@ZIF-DMBIM to 100 ppm acetone at
275°C.
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Fig.S15 Response and recovery time comparison of different sensors
These materials also have similar response & recovery speeds with the reasonable values of ~3 and
~1 min, respectively, in the situation of the chamber residence time of ~0.5 min.
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Fig.S16 (a) CV comparison of the sensors by varying RH from 0 to 90% (acetone 100 ppm, inset:
long-term stability of anti-humidity properties), and (b) response long-term stability of Au-
ZnO@ZIF 30 nm and Au-ZnO@ZIF 30 nm-DMBIM for 4 months.

As for response long-term stability, both Au-ZnO@ZIF 30 nm and Au-ZnO@ZIF 30 nm-DMBIM
can keep 65% of original response value after 4 month exposing to the air (Figure S16b).
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Fig.S17 Normalized response comparison of Au-ZnO, Au-ZnO@ZIF 30 nm and Au-ZnO@ZIF 30
nm-DMBIM toward various interfering gases
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Fig.S18 Responses comparison of different sensors to various gases
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Fig.S20 LDA analysis of the sensor’s responses to acetone and benzene series



Table S2 Detailed information of log-log plots of response-concentration for various sensors (LOD:

limit of detection (ppm))

5 nm 30 nm 50 nm
ZIF ZIF-DMBIM ZIF ZIF-DMBIM ZIF ZIF-DMBIM
S 0.5321 0.7363 0.5517 0.7694 0.4698 0.5538
logA4, 1.1522 0.8158 1.279 0.7908 -0.2945 -0.4398
R? 0.99 0.98 1.00 1.00 1.00 1.00
LOD 0.0001 0.0034 0.0001 0.0047 0.0315 0.0159

Table S3 Selectivity improvement comparison of acetone toward benzene series of various MOF

coated sensors compared with bare Au-ZnO NWA

Core Au-ZnO Au-ZnO Au-Zn0O
Sheath ZIF 5 nm +DMBIM ZIF30nm +DMBIM ZIF 50nm +DMBIM
Benzene 83.8% 440.0% 167.5% 311.0% 78.5% 90.0%
Toluene 43.32% 219.0% 34.7% 115.3% 90.7% 85.59%
Ethylbenzene 30.0% 165.7% 6.5% 78.5% 78.5% 72.0%




Table S4 The sensing responses toward acetone of the devices in this and previous works

Materials Response (concentration) Temp./°C Ref.
Fe-C co-doped WO3 17 (10 ppm) 300 1
Sn0,/ZnO 21.4 (115 ppm) 300 2
Fe;04-RGO/PIL-PEDOT 1 (saturated vapor ) RT 3
MWCNTs/SnO, ~3800 (300 ppm) 250 4
biomorphic SnO, 7 (10 ppm) 350 5
WO; + HZSM5 admix 2.48 (6 ppm) 350 6
NWN ZnO ~ 80 (100 ppm) 300 7
3D spherical porous ZnO 77.5 (100 ppm) 420 8
3-D TiO, Nanoflowers 66.58% (700 ppm) 60 9
C/WOshollow spheres 10.2 (10 ppm) 300 10
Y-doped ZnO rods 32.2 (100 ppm) 400 11
RuO,/WO;NFs 77.61 (5 ppm) 350 12
NiO-decorated TeO, nanorod 601% (500 ppm) 125 13
Pt-ZnO NFs 13.07 (5 ppm) 450 14
Single-crystalline a-Fe,Os;nanospheres 16 (100 ppm) 170 15
GO/ZnO-NR/GO 4.5 (100 ppm) 450 16
mesoporous y-Fe,Osnanoparticles 217 (1000 ppm) 240 17
Pd/AlGaN/GaN 95% (1000 ppm) 150 18
C-Cu,0 crystals 1.7 (5 ppm) 200 19
Pt/Ag-codoped Te,Os 5.1 (100 ppm) 150 20
MOF derived ZnO cages 14 (1 ppm) 300 21
NiO-TiO, 7 (100 ppm) 400 22
ZnO@Au@ZIF-8-DMBIM 231 (100 ppm) 275 This work
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Table S5. Linear discriminant analysis (LDA) of selected sensors

Sample Au-ZnO Au-ZnO@ZIF Au-ZnO@ZIF-DMBIM
Accuracy 92.4% 96.1% 97.2%
Standard deviation 0.0503 0.0632 [l 0.0330

[a] The value of standard deviation at around 0.05 or lower means high accuracy and good stability
of the analysis.



