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Experimental section

Synthesis of ZnO NRs / Co304 NPs

The optimal ZnO NRs / Co304 NPs were prepared through a facile hydrothermal process and
post annealing treatment.” Firstly, 0.073 g cetyltrimethylammonium bromide (CTAB) and 1.92
g NaOH were dissolved into 20 mL deionized water under magnetic stirring. Subsequently,
2.32 g Zn(NO3)2:6H20 and 0.2838g Co(NOs3)2:6H20 were dissolved into 20 mL deionized
water to obtain Zn / Co molar ratio of 8, and the obtained mixture was added dropwise to
above alkaline aqueous solution. In the dripping process, the color of the solution changed
from colorless to deep blue and finally to pink, and the viscosity increased gradually. After
another 30 min vigorous stirring, the mixture was then transferred into a Teflon-lined stainless-
steel autoclave and maintained the temperature at 95 °C for 10 h. Afterwards, the precipitate
was filtered, rinsed with deionized water and ethanol, dried at 60 °C for 6 h. Finally, the
glaucous product was obtained by annealing the as-prepared powder in air atmosphere at
300 °C for 12 h with a ramping rate of 2 °C-min-'. For comparison, pure ZnO nanorods (NRs),
pure Co304 nanoparticles (NPs) and ZnO NRs / Co304 NPs with various Zn / Co molar ratios
of 2, 4 and 16 were prepared using the same procedure by modulating the additive amount
of Co(NO3)2:6H20. The samples with various Zn / Co molar ratios were denoted as ZnO NRs
/ C0304 NPs -2, ZnO NRs / Co304 NPs -4, ZnO NRs / Co304 NPs -8 and ZnO NRs / C0304
NPs -16, respectively.

Characterizations

The morphology and crystalline structure were characterized by field emission scanning

electron microscope (FE-SEM, JSM-7800F) with an energy dispersive X-ray spectrometer



(EDS, Oxford), transmission electron microscopy (TEM, JEM-2800) with high-resolution TEM
(HRTEM) and X-ray diffraction (XRD, Rigaku SmartLab, 3 KW). X-ray photoelectron
spectroscopy (XPS, Thermo Scientific ESCALAB 250Xi) was applied to investigate surface
elemental information of the samples. Ultraviolet-visible (UV-vis) absorption spectrum (TU-
1901 UV-vis spectrophotometer) was conducted to deduce band structure. Mott-Schottky and
electrochemical impedance spectroscopy (EIS) measurements were performed on
electrochemical workgroup (VersaSTAT 4, AMETEK Princeton) with a standard three-
electrode configuration, wherein the electrolyte is 0.2 M Na2S04 aqueous solution (pH = 6.5).
The sensing evaluations

The fabrication of the sensor prototypes was similar to our previous research.>* The gas-
sensing test was conducted on the WS-30B test system (Weisheng Instruments Co.,
Zhengzhou, China) at a relative humidity of 15%-30%. The response of all the sensors is
defined as S = Ra / Rg except for the Co304 NPs sensor (S = Rg / Ra), where Ra and Rq are
the resistance in air and target gas ambient, respectively. The response and recovery time
are designated as the time taken for the sensor to reach 90% response variation of its

saturation state after the injection or release of target gas.
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Fig. S1 (a) XRD patterns of ZnO NRs / Co304 NPs -8 before and after calcination. (b) XRD

patterns of ZnO NRs / Co304 NPs with various Zn / Co molar ratios.



Fig. S2 (a-c) SEM images of ZnO NRs. (d) TEM image of individual ZnO NRs. (e-f) HRTEM

images taken from the dashed rectangle in (d).



Fig. S3 (a) SEM and (b) TEM images of Co304 NPs. (c) HRTEM image taken from the dashed

rectangle in (b).



Fig. S4 SEM images of (a) ZnO NRs / Co304 NPs -16, (b) ZnO NRs / Co304 NPs -4 and (c)

ZnO NRs / Co304 NPs -2.
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Scheme S1 Schematic synthesis of ZnO NRs / Co304 NPs.
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The proposed formation process of the ZnO NRs / Co304 NPs are described in Scheme S1
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Co(NO3), 6H,0+2NaOH—Co(OH),+2NaNO3+6H,0

3C0(OH),+70,—C0304+3H,0

(2)
3)

In weakly basic solution, Zn(OH)2 precipitation is partially dissolved in the form of

[Zn(OH)4]% (equation 2).5 Surfactant CTAB not only reduces the surface tension of solution

and the energy required to form a new phase, but also acts as ionic compound, ionizing CTA*,

negatively charging [Zn(OH)4]*> to form CTA*-[Zn(OH)4]> through electrostatic interaction,

and accelerating the orientation growth of ZnO NRs (equation 3, 4)." Moreover, the another

9



precursor Co(NO3)2:6H20 combines with abundant OH" to generate Co(OH)2 NPs attached
to ZnO NRs (equation 7). Then, as the ZnO-Co(OH)2 NRs have grown long enough, some of
them begin to be tilted and contact with each other and be coalesced.® On account of Co ion
has a higher electronegativity (1.88) than Zn ion (1.65), this might lead to the formation of
dipole that facilitates the NRs contacting and combining together to form new nucleation
points, which is verified by Fig. S41.7 Finally, the growth units aggregate at the new nucleation

point and grow axially, resulting to the formation of ZnO NRs / Co304 NPs after calcination.
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Fig. S5 (a-f) TEM images of ZnO NRs / Co304 NPs with varying amounts of NRs.
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Fig. S6 (a) SEM image. (b-e) EDS mappings of ZnO NRs / Co304 NPs.
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Fig. S7 The resistance variation of ZnO NRs / Co304 NPs to 5 ppm 3H-2B at 200 °C.

13



—~
QD
=

=
3
8

6000 -

o
2
8

S
]
8

= 5000 -

Response (R./R;)
B oNow
o 8 8 8

——Zn0O NRs/ Co;0, NPs
—+—ZnO NRs

Response (R,/R
= N w B
o o o o
o o o o
o o o o

1 2 3 4
Concentration (ppm)

—e— ZnO NRs/ Co,0, NPs
—+—ZnO NRs

o
o
o
o
o
o
S
ey
S
S
e
o
o
o
o
o

20 40 60 80
Concentration (ppm)

100

I 1 ZnO NRs/Co,0, NPs
I I 1 ZnONRs

[

=| =| I|

10

20 40 60 80
Concentration (ppb)

(e) 180

160 -
140 -
120 -
100 1

80

Recovery time (s)

20 1

60-
40-

I 1 ZnO NRs/Coz0, NPs
I I 1 ZnONRs

10

I H |

I‘ I I
20 40 60 80
Concentration (ppb)

‘ n
100

Response (R./R;)

(d)

Response time (s)

—~
—h
~—

Recovery time (s)

——2Zn0O NRs/ Co;0, NPs

0 100 200 300 40

1.3 — ZnO NRs
10 ppb
0 100 200 300 40
Time (s)
90
801, F 1 ZnO NRs/ Co,0, NPs
70. I 1 ZnONRs
60
5o |
40-
30 !
il I I I I I I
20 I t =
I I
o] | ‘
0 T T L)

02 05 1 2 5 10 20 50 100
Concentration (ppm)

50

451 F 1 ZnONRs/Co,0, NPs

40 I 1 ZnONRs
35-

0y | 1

25 ] i |
I

20

15

10- ‘I

I 1 I
LN AR
02 05 1 2 5 10 20 50 100
Concentration (ppm)

Fig. S8 (a) The summarized response of ZnO NRs / Co304 NPs and ZnO NRs toward 100

ppb-100 ppm at 260 °C. (b) The response of ZnO NRs / Coz04 NPs and ZnO NRs toward 10

ppb 3H-2B at 260 °C. (c-d) The response time and (e-f) recovery time of ZnO NRs / C0304

NPs and ZnO NRs toward 10 ppb-100 ppm 3H-2B at 260 °C.
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Fig. S9 The selectivity of the Co3O4 NPs toward 10 ppm 3H-2B and interfering gases at 260
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ten times than that of 3H-2B.
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Table S1 Features of ZnO NRs / Co304 NPs sensor toward 1 ppm various gases for the
principal component analysis (PCA). (Notation: R: Response. tres, trec: Response time,
Recovery time. R@10, 20, 30 s: Response at 10, 20, 30 s. Max. dRags/dt: Maximum slope of the

response from the transient curves).

Max. dRads/dt

Gas R tRes tRec Re@1os R@20s R@s3o0s
(s
3H-2B 157.2 33 11 66.51 117.48 136.52 10.6048
3H-2B 169.43 35 10 74.69 125.87 147.74 8.8411
Benzaldehyde 7.61 199 185 1.53 2.19 2.57 0.0833
Benzaldehyde 7.26 200 188 1.22 1.85 2.44 0.0625
2, 3-butanedione 10.14 105 153 2.2 3.86 5.1 0.1648
2, 3-butanedione 10.89 96 152 2.74 4.52 5.85 0.1807
2, 5-dimethyl-pyrazine 7.44 176 341 1.67 2.35 2.96 0.0698
2, 5-dimethyl-pyrazine 7.24 190 343 1.72 2.35 291 0.0595
3-methybutanal 8.97 137 170 1.63 2.74 3.72 0.1031
3-methybutanal 8.96 130 168 2.27 3.15 4.03 0.1071
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Fig. S11 Nyquist plots of ZnO NRs / Co304 NPs, ZnO NRs and Co304 NPs.
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Table S2 Comparison of the sensing performance of MOS-based sensors for 3H-2B

biomarker detection.2 3. 814

] Gas Working ) Response/
Sensing ) Response Detection
. concentration temperature o Recovery References
materials (Ra/Rg) limit )
(ppm) °C) time
Mesoporous WOs 5 290 27 0.1 ppm 4s/13s [8]
Cr/WO3
) 5 140 71.8 0.05 ppm 27 s/36 s [2]
nanofibers
Mesoporous NiO
) 50 120 302 0.5 ppm 92s/82s [3]
nanocuboids
ZnO@AI203
50 300 37.2 1 ppm 27 s/34 s [9]
nanocables
Pt/SnO2 hollow
10 250 48.69 0.5 ppm 11s/20 s [10]
nanospheres
SnO2@AI203 48 s/194 s
5 120 43.3 0.1 ppm [11]
nanocables (0.5 ppm)
PtCu/WOs hollow
10 110 221.2 0.5 ppm 9s/28s [12]
sphere
Mesoporous WOs
25 205 152 0.4 ppm 255s/146 s [13]
nanoflowers
Pd-{010}BiVO4
) 10 200 103.7 0.2 ppm 12s/8s [14]
microdecahedrons
ZnO NRs / Co304 .
5 260 550 10 ppb 17s/8s This work

NPs
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