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Fig.1 Schematic diagram of the synthesis process for 3DOM SnO» and
PtAu/3DOM SnO2
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B, 8 AR RVESEIL T PtAu W& R 4K AL TR
3DOM SnO, K I 5 78, RFHABIERFLE T
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2 (a-b) 3DOM SnO: #ll(c-d) PtAu/3DOM SnO: ] SEM E14 ; (e-g)
PtAw/3DOM SnO; JLEMAE; (h) PtAu/3DOM SnO: [¥] EDS i,
Fig.2 SEM images of (a-b) 3DOM SnO: and (c-d) PtAu/3DOM SnOx.
(e-g) elemental mapping images of PtAu/3DOM SnOa. (h) EDS
spectrum of PtAu/3DOM SnOx.
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Fig.3 XRD images of 3DOM SnO: and PtAu/3DOM SnO>
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Fig.4 XPS survey spectra of 3DOM SnO; and PtAu/3DOM SnO»
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Fig.5 (a) Sn 3d and (b) O 1s XPS spectra of 3DOM SnO2 and

PtAu/3DOM SnOs.
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= HE XPS i o il T AT IS, i
N E R Cn Oy fl O, ML FEELE AR Al
A (OF, PIFBRgiAfE). Hf, 3DOM SnO, HF§4
U Y 25 4 BE 23 99N 532.19 eV AT 530.93 eV, PtAu/3DOM
SnO, H NI IR 455 R A 532.14 eV Hi1 530.77 eV, ¥
I 45 BE 7 R B m AL« % mAZ R I Pt A Au 5T
B4 1 3DOM SnO, KA IAEL, §oma |y ah
IR MRS S Re R0 A o IX P X IR B 5] RS 1 FL T
0 [ 2508z AT I A A R IR M S RS AT D, AR
W HA U NS RE .
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MELF| Pt 4f (Pt 4f7 M1 Pt 4fsn) F1 Au 4fs, IR
Hor, Pt 45, Al Pt 4fs, PIANRFAE IR 45 & BE 730 22 70.77
eV M1 73.86 eV, Au 4fs, FRfEIER 45 G HEZ 87.38 eV,
BIEAR T AN 24 B AR E(E (Pt4f: 71.0~71.5eV; Au

4f: 87.6~88.0eV), FH Pt Al Au 5 3DOM SnO, X [d]
AR FHEAEN, SREERmEFHEEN. B2
YAk 1 B Pt AN Au 4b T-E3 — M BEC A 34 5S , T RES 3DOM
SnO, KT Y Aat& A WAL Sn JR I e Ar st . 1X
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Fig.6 (a) Pt 4f and (b) Au 4f XPS spectra of 3DOM SnO. and
PtAu/3DOM SnOs.
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WG 1.5 BTk 77, XF PtAu/3DOM  SnO, f/ i
REREAT T RGIMAR. 7E 160 ~ 400 “C i BV Fl I 1
3DOM SnO; F1 PtAu/3DOM SnO, % 100 ppm P4 i [ 1 5
FEPE, DA A TAERE . Wl 7a Fios, B R
ThiE, W NABSEIGINE TR, IR TR RN R T SOV S
AR B B AR B S S . FETHRBIZERT B, KL
T TH W B () o3 SR O, AR R 2 iR YRR (O
F O, HE5R T A KA 0T AR e B s H 25 B —
SEAH, WETEEIPAIAE 1 W B, SBUN R
RREARG 0 SNk 55 o T AR, 1 R A - S - it PR ) 5 4 ~F- i
K&, BETEREROIFFESILE OEMARERS
LB 3k BT IRE . 3DOM SnO, Al PtAu/3DOM
SnO, A B HIE 300 Cik Bt TAERE, B
PtAu/3DOM SnO, %F 100 ppm A EHIN R (R/R, =
192.3) W3 = T RE XN E B E M) 3DOM SnO, (RJ/R, =
67.6). X—4RTFHE T PtAu ZKb T AL /E FH K AL
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Fig.7 a. The response of 3DOM SnO: and PtAu/3DOM SnO: to 100
ppm acetone at different temperatures. b. Selectivity test of
PtAu/3DOM SnO: toward 100 ppm different gases at 300 C.

K 7b J&7R T PtAuw/3DOM SnO, 7E 300 CHtETAE
HEFE R X 100 ppm A (CH;COCH3) . Z.%E (CoHsOH)
A (NH3). HEE (CH;0H). # (CeHg)+ HIZE (C7Hs)-
THZ (CsHip) IECE (CeHip) AIHEE (HCHO) %
OB A YIRR W JCE WA R G L. Hodr,
NH; 58RI E %M E, CHsOH & H T2 A,
C7Hg 5 JAE ) 5 397 25 A7 £ G HK, HCHO U 5 .0 ML 9
R IAR G . SR, PtAw/3DOM SnO» X P il F
AR SFEEEM, HmRBE (RJ/R,=192.3) B3 & T X H
b S AA Ry 2, 2 B AZAA RS PR LA A S PR e R TR
AEe . X—UR PR a T =46 P N fLE W m &t
RIS FLRTFIERN, PLI PtAu gKKF L B
FFEF, JLEMGERE T PR 53 £ SO LR T AR 56 M)
b5 S 8O B, T AR A A LSS . RS RN T
PtAW/3DOM SnO, 7E 5 A% SRR o6k PR i ) 1) 1o o 5
PERTINTE 77, RFEAEEBRRTCANZ W B8 B8 1 Bl

Kl 8a Al 8b JE R [ fEmRETARIRE 300 CTF,
PtAu/3DOM SnO X AR BE Al (0.084 ~ 200 ppm) )
BNASIE N 2k . BEAE AR P T, e A R S
B IR 25 T A R S [ PR T AT L 5 3 R A U 1) e

o FE—D BRI, SAE AR B 2 A R I
SRS PE (R2=0.9996, y=1.884x +3.349, fII
Bl 8c), 1 BH Al iE i £ PR UL G S B A A B P v s L
FME . EAERNZ, 7E1KE 84 ppb IR & AR &
T, MEMZR I B T I S KR R, R AR
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Fig.8 Dynamic response curves (a and b) and linear response (c) of
PtAu/3DOM SnO: to acetone at different concentrations (0.084 ~ 200
ppm) at 300 C.
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84 ppb acetone at 300°C PtAu/3DOM SnO,
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Fig.9 Transient response of PtAu/3DOM SnO: to 84 ppb acetone at
300 C.

RHUPR (DL AV TR RO R B AR AR fE
T EESERR . EVFAS PtAw3DOM SnO; X 74 i ff A1)
BB, SRA T MRS ge ok, i REG)RIE).

2
RMSnoisc = % (3)

RMS

=3 Slope o
FES MR 88 T TN 2 1T, BOZESE 10 AN AU
B, FARIE TG E BB R mZ S 0.0484, FH < BR
TRBAPRHETE B AR SR R KT KA T FE4),
Dr=3X0.0.0484/1.884 = 0.077 ppm (77 ppb). i%ilH 4k
RELMBIE G RIF, RETEINEMER . 1%
N BRI TR PR e B ST B 2 T I AE, E B
PtAu/3DOM SnO, H 7% Ji & P4 Fl 11 =7 72 B P A )
71, RN AL IR PR RS ¥ 23 T IR S B s oK

Wi 87 /P 52 B[] 2 VPAN SO R 3 2 M e 1) B 2 4
Fro 1300 C TAEHLE T, PtAuw/3DOM SnO, %} 1 ppm
PRI P e 57 B () R P BT ] 43 531009 30 FBAR 9 BB, A
10 Fizs, R PR e 3 - SRtk . X — R R
FEIFAET PtAu A R E T SR s A O B
I T MRS TR AR BAE R RSLRE 22, T S5 35 4
ST S R A B T

5

L
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w e
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Il
Fig.10 Response/recovery time of PtAu/3DOM SnO: to 1 ppm
acetone at 300 C.

ik Pl PtAu/3DOM SnO, B R S F
HRWREEN, /£300 C TR 1 ppm AEHP S,
Xt PtAu/3DOM SnO TR BHIEAT 1 KI5 21 KA AN
WA 30 REFFEEMEI . 11 Fos, SEEH
Wi NEABLAE 2 IR PEA DA thde AR Ae e, AR l)s
BT IRE BAIRES . RPZTEM R A# RIFREE
PEEFE. anEl 12 B, 30 KRGS RD A ER §)
Wi AR AT B A R R AE AT AR LK, HLAEREA I 0030 1)
BeABERL /N X — G R SR 2 B R B R
PRI . IZVEREHIR T =46 FP LA M TR
PERIREE SRR - P 5 LA PtAu X A4 RER L
RSP FIAR E AR

6

PtAWw/3DOM SnO, 1 ppm acetone at 300 °C
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Fig.11 Repeatability test of PtAu/3DOM SnO: to 1 ppm acetone at
300 C.
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Time(day)

Kl 12 PtAw/3DOM SnO:7E 300 C FxT 1 ppm A 30 KA 5E Pk
k.
Fig.12 The 30-day stability test of PtAu/3DOM SnO: for 1 ppm
acetone at 300 C.
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Fig.13 Schematic diagram of the molecular sieve hydrolysis and
dehydration processes
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Fig.14 Response of PtAu/3ADOM SnO: to 1 ppm acetone under
different relative humidity conditions (300 “C) before and after

coating with SBA-15 molecular sieve as a moisture barrier layer.
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Fig.15 Sensing mechanism of the PtAu/3DOM SnOs. The upper part
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is a schematic diagram, and the lower part is an energy band diagram.

MAEEBE ARG, SnO, I =4EH P A fLA5 1 A
ARFENY, HERMHRmMAE A 135 1R
B, AR TS T5 SO, KM 7870 Hefh it KA
B2, AEAS OB R AR ARIR A EA BT R, B RERE
B R BHCR R 2 T AR RS S A2, AT
FEARAT PR . [, HoA P SOEfLE S AR Tk
THIPRIEY BORIBL R, A6 A BE NS TR BTERRE A HE Y
s L I BAERIEEAAI S, T
0 RE PR IE M FLIAE HH BB R, AT S8 2 4 A i AT 1R
Wl R, FLEZHXTA R RS SR 1 R g fE
F, M85 7 RORET R R FR . BEAh, 3DOM G544k
HARFRRE . HeBILEa e R+ 6




S W & RMEE TRAEASE: (WAERMES TR SRR

REFESRE, MR 7 U RETE R a . R
Mk, A2 LA M ORIE T A T30 TR
R — 2k, SR 2 RE RN PRI R
R AR e

PtAu GKKLT1F 9 U AL 22 UL R — P i o 1
ORISR RE . PtAu 9KRE T BAT U O AL 1
I R AR R AL, R KRR AR A S
i, A SnO, RIERE 5 1 TAERR, WTIRTHA
JEC FELBEL 5 e B R A . Pt R Au BRI E
BT, AT AR T A R S SRR AL RE 22, i
P 15 TR R T A B 1 SN AR, X R AL
TERAERT 1% LR RBAE T EA MBI %M. R,
PtAu KK T KGN ANBAE T SnO f LT~ 45 K - B0
1%, SIHTERIIR A AR 7B TR, T
F T AT A o X RO R B RS AN N B T PR R 4
R RE, HEo9m 1R RE, IEARE TN . ARE
PERUHIRIAR LA AR IR N GE 77, A% ARAE B TE Al
AR LA 5N T 7T .

3 B4

AW TR AR 7% 5 R AL 38 Bk R T i % T
PtAu/3DOM SnOy. & ELRAH F A fLEH (L2
70-80 nm), 2141 A SnO» I 2] 73 BUE PtAu GKHL
T, H XPSIESEH AR TR S FHM LN . <
BERE T, 2B RE 300 Cae AR E T X
100 ppm PFEAIMNAE (RJ/R) Ti5 192.3, mfL TR B
Tif¥) 3DOM SnO, (Ry/R=67.6) « K155t P W ik £ 1k AL 57,
KMPRARE 77 ppb, 7ETEREWENLME R (R? =
0.9996). [FIlS, WaRL/KEESER (1 ppm FHaR/E
1] 30 £8/9 &), PRI AR E ML . FTids e SBA-15
3T 0% B W R A R TR, AE 20% ~ 95%H%
R B P9 W S A s B, B I R ISR I S 3
BE@E N VERER AL E IR T =4EH R fLE iR
B RN 5 e Ay HoETE, L& PtAu 40K
K7 F AL 5 BT B . 3 3R 1 IR
RO WS S RNB 15 . SR BT, AW FUT R
PtAW3DOM SnO, B RME R . JEFEIE. i IE
&R IR AS VS DT TR BLR B, B AR e < B A
AL R G B 1, RE RN EHZ Wi i 1 AT 47 /)
fE T %
£EHL References
[1] Janine Walker, Priyanka Karnati, Sheikh A. Akbar et al. Sens.

Actuators B Chem.[J],2022,355:131242.

[2] Ma Shuai, Xu Jingyong. J. Mater. Chem. A[J],2023,11:23742.

[3] Mizaj Shabil Sha, Muni Raj Maurya, Sadiyah Shafath et al. ACS
OmegalJ],2022,7(5):4257.

[4] Wei Shiyu, Li Zhe, Murugappan Krishnan et al. Adv.
Sci.[J],2024,11(19): 2309481.

[5] Luo Qin, Liu Rongyue, Li Yilin et al. Sens. Actuators B
Chem.[J],2025,439:137854.

[6] Li Feihu, Jing Junjie, Li Jinkun et al. Sems. Actuators B
Chem.[J],2024,400:134887.

[7] Naader Alizadeh, Hoda Jamalabadi, Farnaz Tavoli et al. IEEE
Sensors Journal[J],2020,20(1):5.

[8] Wang Huaping, Ma Jianmin, Zhang Jun et al. J. Phys.: Condens.
Matter[J],2021,33:303001.

[9] Yoshitake Masuda. Sens. Actuators B Chem.[J],2022,364:131876.
[10] Sun Dan, Tang Xiaonian, Li Shuo et al. J. Phys. Chem.
C[J],2021,125(20):11107.

[11] Liu Hang, Zhao Ying,
Commun.[J],2023,59:2931.

Liu Yaoda et al. Chem.

[12] Li Gaojie, Li Xueyang, Zhang Lingi et al. Sens. Actuators B
Chem.[J],2025,435:137652.

[13] Yang Xuanyu, Shen Sumei, Yue Lijuan et al. Sens. Actuators B
Chem.[J],2025,441:138055.

[14] Deb Moumita, Lu Chia-Jung, Zan Hsiao-Wen et al. ACS
Sens.[J],2024,9(9):4568.

[15] Lei Biao, Zhang Hongwen, Liu Weiwei et al. Sens. Actuators B
Chem.[J],2024,401:134907.

[16] Chen Ke, Zhou Yue, Jin Rongrong et al. Sens. Actuators B
Chem.[J],2022,350:130807.

[17] Zhu Li-Yuan, Yuan Kai-Ping, Yang Jia-He et al. Microsyst.
Nanoeng.[J],2020,6,30.

[18] Jing Junjie, Li Jinkun, Xue Qing et al. Sens. Actuators B
Chem.[J],2025,431:137462.

[19] Qin Yuxiang, Zhang Yizhe, Lei Jing et al. Sens. Actuators B
Chem.[J],2025,428:137239.

[20] Zhang Yanlin, Zhang Zheng, Luo Yuanyuan et al. Sens. Actuators
B Chem.[J],2025,440:137845.

[21] Zhu
Nanomaterials[J],2023,13(21):2880.
[22] Chen
Nanoscale[J],2023,15:17206.

[23] Wang Chunshui, Wu Haiyan, Jiao Cheng, et al. Rare Metal
Materials and Engineering[J],2024,53(06):1536.

xiaofeng, Li Yongzhen, Guo ruihua er al

Zaiping, Liu Wei, Si Xiaohui et al


https://www.sciencedirect.com/science/article/abs/pii/S0925400521018104
https://www.sciencedirect.com/science/article/abs/pii/S0925400521018104
https://pubs.rsc.org/en/content/articlelanding/2023/ta/d3ta04953a
https://pubs.acs.org/doi/10.1021/acsomega.1c05948
https://pubs.acs.org/doi/10.1021/acsomega.1c05948
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/advs.202309481
https://advanced.onlinelibrary.wiley.com/doi/full/10.1002/advs.202309481
https://www.sciencedirect.com/science/article/abs/pii/S092540052500629X
https://www.sciencedirect.com/science/article/abs/pii/S092540052500629X
https://www.sciencedirect.com/science/article/abs/pii/S0925400523016052
https://www.sciencedirect.com/science/article/abs/pii/S0925400523016052
https://ieeexplore.ieee.org/document/8846091
https://ieeexplore.ieee.org/document/8846091
https://iopscience.iop.org/article/10.1088/1361-648X/abf477
https://iopscience.iop.org/article/10.1088/1361-648X/abf477
https://www.sciencedirect.com/science/article/pii/S0925400522005184
https://pubs.acs.org/doi/full/10.1021/acs.jpcc.1c00344
https://pubs.acs.org/doi/full/10.1021/acs.jpcc.1c00344
https://pubs.rsc.org/en/content/articlelanding/2023/cc/d2cc06656d
https://pubs.rsc.org/en/content/articlelanding/2023/cc/d2cc06656d
https://www.sciencedirect.com/science/article/abs/pii/S0925400525004277
https://www.sciencedirect.com/science/article/abs/pii/S0925400525004277
https://www.sciencedirect.com/science/article/abs/pii/S0925400525008317
https://www.sciencedirect.com/science/article/abs/pii/S0925400525008317
https://pubs.acs.org/doi/10.1021/acssensors.4c00105?ref=PDF
https://pubs.acs.org/doi/10.1021/acssensors.4c00105?ref=PDF
https://www.sciencedirect.com/science/article/abs/pii/S0925400523016258
https://www.sciencedirect.com/science/article/abs/pii/S0925400523016258
https://www.sciencedirect.com/science/article/abs/pii/S0925400521013757
https://www.sciencedirect.com/science/article/abs/pii/S0925400521013757
https://www.nature.com/articles/s41378-020-0142-6
https://www.nature.com/articles/s41378-020-0142-6
https://www.sciencedirect.com/science/article/abs/pii/S0925400525002370
https://www.sciencedirect.com/science/article/abs/pii/S0925400525002370
https://www.sciencedirect.com/science/article/abs/pii/S0925400525000140
https://www.sciencedirect.com/science/article/abs/pii/S0925400525000140
https://www.sciencedirect.com/science/article/abs/pii/S0925400525006203
https://www.sciencedirect.com/science/article/abs/pii/S0925400525006203
https://www.mdpi.com/2079-4991/13/21/2880
https://pubs.rsc.org/en/content/articlelanding/2023/nr/d3nr04040b

8 WA e RS TR #5145

Synthesis and Acetone Sensing Performance of Three-dimensional Ordered Mesoporous
SnO: Loaded with Bimetallic PtAu
Zhu Xiaofeng >3, Guo Ruihua 23, Li Yongzhen ?>?, Dong Lihua >3, Yang Hui '
(1.School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027)
(2.Institute for Smart Ageing, Beijing Academy of Science and Technology, Beijing 100089, China)

(3.Beijing Key Laboratory of AgeTech and Health Engineering, Beijing Academy of Science and Technology, Beijing 100089, China)
Abstract: Acetone is a key biomarker for early screening and non-invasive diagnosis of diabetes. This study aimed to develop high-performance
gas-sensitive materials suitable for breath acetone detection. PtAu bimetallic-modified three-dimensional ordered mesoporous SnO> composite
material (PtAu/3DOM SnO2) was prepared using a template method combined with an in-situ reduction process. The results of material
characterization revealed a highly ordered mesoporous structure, a rutile crystal phase, and uniformly dispersed PtAu nanoparticles. At an
operating temperature of 300 ‘C, the material exhibited a high response value of 192.3 to 100 ppm acetone, a low detection limit of 77 ppb,
response and recovery times of 30 s and 9 s, respectively, and demonstrated good stability and anti-interference capability over a wide humidity
range. The performance enhancement is primarily attributed to the high specific surface area and rapid gas diffusion channels provided by the
three-dimensional ordered mesoporous structure, as well as the synergistic catalytic and electronic sensitization effects of the PtAu nanoparticles.
Together, these factors promote the adsorption, activation, and surface reaction kinetics of acetone, showing significant application potential in
diabetes breath detection. .
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