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Samples prepared in this paper are given in Table S1.

Table S1. Samples prepared in this paper

The molar ratio of

The molar ratio of

Condition

Samples The amount of chemicals chemicals Co: Al (EDS)
At ALl Hydrothermal reaction
CAW Co: 0.8 mmol, Al: 0.4 mmol; U: 28 mmol Co: Al: U=2:1:70 - at 90°C for 6 h
Hydrothermal reaction
. . . . Co: Al: U: NH F= .
CA-1  Co: 0.4 mmol, Al: 0.4 mmol, U: 28 mmol, NH4F: 4 mmol 0 4 3.40:1 at 90°C for 6 h
1:1:70:10
Hydrothermal reaction
. . . . Co: Al: U: NH F= .
CA-2  Co: 0.8 mmol, Al: 0.4 mmol, U: 28 mmol, NH4F: 4 mmol 0 4 3.65:1 at 90°C for 6 h
2:1:70:10
Hydrothermal reaction
. . . . Co: Al: U: NH F= .
CA-3 Co:1.2 mmol, Al: 0.4 mmol, U: 28 mmol, NH4F: 4 mmol 0 4 3.80:1 at 90°C for 6 h
3:1:70:10
- _ Hydrothermal reaction
C-2 Co: 0.8 mmol, U: 28 mmol, NH4F: 4 mmol Co: U: NH4F= - at 90°C for 6 h
1:35:5
Hydrothermal reaction
. . . Al: U: NH4F= -
A-2 Al: 0.4 mmol, U: 28 mmol, NH4F: 4 mmol 4 at 90°C for 6 h
1:70:10
Two step reactions product: C-2 was synthesized by
hydrothermal reaction, then, C-2 reacted with Al (0.4 Co: Al: U: NH4F= Hydrothermal reaction
CCA-2 mmol) to obtain CCA-2 at the same conditions 2:1:70:10 - at 90°C for 6 h
Two step reactions product: the A-2 (solution) was
synthesized by hydrothermal reaction with Al: (0.4 Co:Al:U:NH4F=2: Hydrothermal reaction
AC-2  mmol), U: (28 mmol), and NH4F (4 mmol); then the A-2 1:70:10 - at 90°C for 6 h

reacted with Co: (0.8 mmol), hydrothermal reaction at the
same conditions again

Co: Co(NO3),*6H,0; Al: AI(NO3); *9H,0; U: urea.
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Fig. S1. EDS spectra of (a) CA-1;(b) CA-3

In order to study the formation of CoAl-LDHs under the hydrothermal condition, a series of experiments on
reaction time were carried out. As shown in Fig. S2a, XRD diffraction patterns manifested that the CoAl-LDHs had
been generated in the early stage of coprecipitation for 1 h, but the intensity of the diffraction peak was very weak.
Initially, a-Co(OH), was formed (Fig. S2b), finally, it was subsequently converted into CoAl-LDHs (Fig. S2a). When
hydrothermal time was increased from 2 h to 6 h, different morphologies of flower could be observed (Fig. S2 (d-h)).

And the nanosheets of 3D flower-like became into ultrathin structure increased with hydrothermal time increasing

(Fig. S2 (g, h)). This may be due to the etching of NH,F.!
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Fig. S2. XRD diffraction patterns (a) different hydrothermal time; (b) different addition sequences; SEM images (c-h) different
hydrothermal time; (i) C-2; (j) CCA-2 (two step reactions product of C-2, see Table S1); (k) AC-2 (two step reactions product of A-2)
(see Table S1).

Fig. S3a displayed that carbonate ions inserted the LDHs interlamination, FT-IR spectra consistent well with the
v3 vibrational band of carbonate ions at 1367 and 723cm’!, this indicating that the pure carbonate ions intercalated in
LDHs had been prepared after 2 h reaction time.?

Experiments of change feeding order were carried out in order to observe the impact on structure and

morphology of the CoAl-LDHs. XRD diffraction peaks (Fig. S2b) of C-2 could be indexed to a-Co(OH), (JCPDS



Card NO. 48-0083), and its structure was the urchin-like (Fig. S2i) which could contain carbonate ions and nitrate
ions in the interlayer gallery (Fig. S3b). With the follow-up experiment, XRD pattern of CCA-2 (Fig. S2b) indicated
that the product was composed of a-Co(OH), and CoAl-LDHs, and the structural characteristic of it was urchin-like
and flower-like (Fig. S2j). In parallel, the other experiment was carried out: the precursor only contained AI(NOs);
*OH,0 for reaction, then, the cobalt nitrate was added into the [Al;3(OH);,(H,O)]”* solution to obtained AC-2,> and

endly it was constructed by 3D flower-like with many ultrathin nanosheets (Fig. S2k), similar to CA-2 (Fig. S2h).
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Fig. S3. FT-IR spectra of (a) different reaction times (0.8 mmol of Co(NOj3),*9H,0, 0.4 mmol AI(NOs3); *9H,0 and NH4F and 28 mmol
of urea were dissolved in 40 mL deionized water, stirring for 0.5 h, then hydrothermal synthesis was performed at 90 °C for 2, 3, 4, 5 and

6 h, respectively); (b) C-2, CCA-2; (c¢) AC-2 and CA-2.

Table S2. Specific BET surface area, pore volume and average pore size of the CA-1, CA-2 and CA-3.

Sample Sper(m?g) Viores(cm’g’!) Dpores(nm)
CA-1 11.84 0.02 18.85
CA-2 49.45 0.10 8.25
CA-3 24.32 0.06 9.66

Fig. S4. The SEM images of CAW sample.



Fig. S5 (a) TEM and (b) HRTEM images of CAW sample.

Table S3. Ols results of samples

Sample Name Peak position (eV) Peak area %
CA-1 1 530.9 81.36
2 532.5 18.64
CA-2 1 530.9 75.09
2 532.2 2491
CA-3 1 530.9 79.81
2 532.6 20.19

Table S4. The response, response time and recovery time results of CoAl-LDH sensors under the different NO, concentrations at room

temperature
Samples CA-1 CA-2 CA-3

NO; (ppm) Res. Tri/s Tra/s Res. Tri/s TRra/s Res Tri/s Tra/s

100 5.29 3.3 16.7 26.61 1.3 14.6 20.39 4 29
50 4.15 4 16 22.56 2 14 18.78 4 28.6
30 3.52 4 15.3 18.78 2 133 14.56 4.3 253

10 2.46 5 15 13.85 2.7 12.7 9.32 4.7 26

5 2.21 6 14 11.22 33 12 5.51 4.7 22

3 1.97 6.7 14.6 8.24 33 11.3 3.36 4.7 18
1 1.56 7 14 6.85 3.7 10 1.97 6.7 16.7
0.5 1.32 9 16.7 4.12 3.7 8.7 1.58 7 15.3
0.3 1.28 9 18 3.03 4.6 6.7 1.37 7 133

0.1 1.21 10 16 2.08 4.6 6 1.33 9 12

0.05 1.15 10 14.7 1.53 4.6 6 1.27 9 10

0.03 1.12 11 12 1.38 4.6 53 1.22 10 9.7

0.01 1.12 12 12 1.29 53 4.6 1.13 10 8.3

*Res.: Response  Tg;: Response time  Tg,: Recovery time
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Fig. S6. (a) Response curves of sensors versus various NO, concentration from 0.01 to 100ppm;(b) Amplified response curves in

low concentration at room temperature.
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Fig. S7. NO,-TPD comparative of CA-1, CA-2, CA-3 and BCS
Note: the BCS meant the blank contrast of fresh CA-2, which was directly raised temperature without adsorption any gas, the TPD peak
represented the desorption product of H,O or OH-.
(NO,-TPD conductions: adsorption NO, for 1 h at 25 °C, then purge 1 h by N, at 25 °C, and then, a heating rate of 10 °C-min~! under N,)
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Fig. S8. The dynamic response-recovery cycle curves of CoAl-LDHs based sensors. (a) CA-1; (b) CA-2; (c) CA-3; (d) CAW at RT.



Table S5. Gas sensing performance and minimum detection limit comparison of samples to 100 ppm NO, at room temperature.

Minimum detection

Various kinds of sensing Res. Tri/s Tro/s
materials limit (ppm)
A-2 1.67 4.0 10.0 1

C-2 13.80 1.7 12.7 0.03

CCA-2 1.87 0.7 14.7 0.05

AC-2 24.34 2.0 16.0 0.01

CA-1 5.29 33 16.7 0.01

CA-2 26.61 1.3 14.6 0.01

CA-3 20.39 4.0 29.0 0.01

CAW 4.40 4.0 31.6 0.3

*Res.: Response  Tgy: Response time  Tg,: Recovery time

Table S6. The response, response time and recovery time results of the other four sensor materials under different NO, concentrations at

room temperature.

Sample A-2 C-2 CCA-2 AC-2

NO,(ppm) Res. Tri/sS Tra/S Res. Tri/s Tra/s Res. Tri/s Tra/s Res. Tri/s TRra/s
100 1.67 4.0 10.0 13.80 1.7 12.7 1.87 0.7 14.7 24.39 2.0 16.0
50 1.50 0.7 22.6 12.11 2.0 12.7 1.71 0.7 16.0 22.38 2.3 14.7
30 1.38 1.3 24.7 10.11 2.0 15.3 1.66 1.3 18.0 17.79 2.0 12.0
10 1.20 0.7 18.7 8.21 2.0 16.7 1.54 0.7 18.7 12.89 1.3 11.3

5 1.14 1.3 16.0 5.92 2.0 17.3 1.50 0.7 18.7 10.32 2.7 9.3

3 1.08 1.7 22.7 3.56 4.0 10.0 1.20 2.0 21.3 7.63 2.7 8.6

1 1.04 4.0 9.3 2.59 6.7 15.3 1.14 2.0 27.3 3.30 33 11.3
0.5 1.71 4.7 18.0 1.13 33 18.0 2.35 4.7 12.7
0.3 1.39 4.0 28.0 1.13 2.0 23.3 2.04 10.7 20.7
0.1 1.36 4.0 37.3 1.12 33 24.0 1.56 8.7 34.7
0.05 1.26 3.7 45.3 1.06 2.7 37.3 1.39 2.7 25.3
0.03 1.17 4.3 40.7 1.29 2.0 26.7
0.01 1.19 4.6 37.3

*Res.: Response  Tgy: Response time  Tg,: Recovery time

Table S7. The carrier concentration and the fitted impedance parameters of CA-1, CA-2, CA-3 and CAW.

Samples Na Ry(2) Ri(©Y) R(€2)
CA-1 2.31 x 1013 14.37 266.9 3622
CA-2 9.80 x 1013 12.33 2479 2480
CA-3 5.82 x 1013 14.46 298.4 2984

CAW 3.08 x 1013 14.28 554.6 4128
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Fig. S9. The equivalent circuit model of CoAl-LDHs modified electrodes.

R; represents the resistance between the uncompensated electrolyte, separator and electrode, where R is the charge-transfer

resistance at active material interface, and CPE is constant phase angle element involving double layer capacitance.
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