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Abstract

With the rapid development of environmental monitoring and the Internet of Things, the strategic
value of gas sensors is becoming increasingly prominent. Traditional heat-excited metal oxide sem-
iconductor sensors have problems such as high operating temperature and high power consump-
tion, which limit their application in wearable and distributed networks. Although light excitation
has the advantage of low room temperature consumption, its physical mechanism is still unclear.
Aiming at the problem of selective regulation, this project innovatively incorporates thermal exci-
tation and light excitation into a unified theoretical framework and proposes a selective dynamic
switching mechanism based on Fermi energy level regulation. Using Au@ZnO nanostructures as
models, the materials were prepared by hydrothermal synthesis and chemical deposition, and the
gas sensitivity properties under heating and light conditions were systematically studied. The re-
sults showed that the sensor showed significant dual selectivity: the response to n-butanol was ex-
cellent under thermal excitation, and the response value reached 380 at 100 ppm concentration.
The response to formaldehyde was the highest under light excitation (480 nm light), and the re-
sponse value was 115 at 100 ppm. The constructed selective switching model clarifies the transition
mechanism from “sensitive to n-butanol” to “sensitive to formaldehyde”, which provides new ideas
for realizing the dynamic regulation of gas identification ability and designing high-performance
sensors for multi-scenario applications.
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1. 5l

&R AN TR (MOS) AL AR R RRAIG . MR, 5y il 4 SR A3, TERRBR I, Tolkzedx, &
RES ST B A T R R AT [1]. SR, HARK IR B AR SRR IR BB I AR 2 . EE IR
Berh, ZRSMAILAE, EARBRERCEHE X R e Ak, RIE SRR ER N, BRI RgAeRE. B
I, R R (R AR AE R ) J& MOS A% 38 8% M S2 6 5 7 1) i WAL Y S — 2 .

SR ERERE R R AR 2 A 0 SRR S P O B H bR S ZIg TSR EE ). H ok,
FA RSB A 5 14 - MOS A& I8 1 AN LB I8 3 B TS 7 5 AR SR T TR B 4 40 (O
O~ O%) Z [Al A IE 5 [ RE[1] [2] o WZALHIR K 22 HOE B4 (CON Ha VOCS) B AL 1 SR (NOR) 3&E H
SOl PR, WIS VOCs = A I S [ BRI L G 23884k, ELAIX 43[3]. Hik, HLFRETT 4
[ 72 . ZlAH MOS AR T oK B S HAESR AN IR IR BE Y, TAR S N UL AS Y o AR it s i
MR RS, HAE SRS SR P AR ERPORRERA . FORRERE e, ARSES 7
ATERPUIERES S POKBE R AT, HATHERERE TS B REZE AR, MRS AL, e NI 2 2 Fal
MOS #EHSNO2« ZnO. WOs3 55)) 1 i S {H 16 814 72 1) = 2 i R [4]

NFRPOE B, BT E B T AR RS AN G PR RS . AR TR AR B R R,
XPREE SRR B BSOS B A, LR TES S SRR (AR Z . 90K . LA M a3 W B B
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TR, W

PEER) [1]. REmUaeth: 713 Aus Pt Pd S0 BIEILAEE, Q0 Au &1 ZnO 9KaExt HoS Mk
PEPEM N, %F CHav CO MR E5[4] [5]; MIEESFRLS: p-n 45, n-n S5 Rpt g = A W@ I e
ih, AR FIREARUR NS B A MRS MOF #525: FIF MOF 41 2 Rk £ IR Bt seal il e
£ 5IIE6] [7]. W AU@ZnO@ZIF-8 #i& iy I B e R PR W B 4l /K Z8 SRR 2R 4000 1A i 5w i
B TAESRAT S IR 75, f F IR AR IR R R i (O [e) S B R S BT FEANR]), (AR AEREFRE R Wi B
18, TRSER S X0 2 RNE0T . RE LR ke B E, B2 R ET ST
DL [l e ik B a[2] [8], 1 2K T hAS . JRAL. AR AR AE f 1 45 M (I B K RE ) R T
RetE, JE# NE — R AR AEAN R AN T VD3I R R, ST RE 0 B AR AR A T R

F%(HCHO) 5 IE T ¥ (n-C4HoOH) 2 B! H ' 3L A7) VOCs 15 44¥. Hi# 4 IARC %14 1 KRB0,
KRR BRI SR . s RS, R EE T NG . RS a3 W A WA I AL T ik,
KA B AR B TR Rk WRIRGE, SR SR AR RGP R . ERIZ) . EIRISES T,
] Re[FI I AEAE[9]-[13]. P HRIEJEYE VOCs, fEA 4 MOS #5848 = ALl i BEAS 5 LLIX 435 HL
g B AS BRMEAN R, R 2 R KB VPG B s i it . DR, TP R REHERIX 2 B 55 1E T BE R SR AL %
A, 0HHIZG . AT AT R ER M R R e 4 B N B SRS LS B LA A Y7 R

AR IR T — T Au@ZnO YK &5 MK BN A B AR BB L o S P28 SR — 43R 0
B PRI AR, T AT R RGEOR S BRI AS R AN RE RN T 2, 0 R Ak
ORI S oK REZEAT U2, SCEAEAS [N 2% A0 T % FE AN IR T BE Rk £t om0 4 . BB |, 34
BORSRALIARE IR BN R T A 22 B, 5 MR BT IR BRI R s P s SRR OUH R KA ) R e T RE =7
AT - 2SO, TR R R THT FEL A 43 A AR R S LA [14] . 24 Au 5 ZnO TR RRERSE I, IR
77 2O S 5 f2 ARy 5 it AR AN [F R, B AS B SRR RE AR T FHUE R AL E . X P “ O
T2 W AETR ] — Au@ZnO 14 B85 R 8 1 HEAS [RI e SRR, 43 10 %F FR e AR T e 7 A I 34 i

ARSI X Au@ZNnO A& IERAE IR RGO IR 0N SR BRI R Guxf b, RFT T A e
BT 0 WA B R T L S5 A AU — SRR BLAE FH 22 Rl L . % TAEAUON X 4 R AN IE T 4
U7 — Pl R RIS, EE BRSO AN B AN AS R T A, SRR
PER R B EEFE K, AT —RAER. ZH RGBSR T T 2R A

2. SEEERSY
2.1, R

b ZR A HE: HAUCI,-3H,0. D-#iZiF#. Zn(CH3CO2)2-2H0. AgNO;-2H;0.
2.2. AR

Au@ZnO HJEH: 2 mL 0.01 M HAUCI-3H20 ML 50 mL 0.5 M B & Bi/K I, HiF: 30 min 544
F£ 4 100 mL s W%, 180°C /Wi 8 h [15]. ¥A#1J5 29.0»(8000 rpm) U ERAR (=1, KR LAk =
K, 13 Au@C FTIRIARZKER[3]. 60°CHZ T 6h. HL 0.3g T/5/5 1 Au@C 5 2.5 9 Zn (CH3CO2),-2H,0
N 60mL oK LB, #EAE Lhy itk 12h. SO0EE, KICEED R, 60CHT TR 6h, HEAETT
450°CHERE 2 h, K Au@ZnO B &K K [16].

Ag@ZnO KA F: K 2 mL 0.01 M AgNO;-2H,0 5 50 mL 0.5 M i & B /KIS & [17],  $c#E 30 min
Jei T 180°C/K XM 8o 15.03(8000 rpm)US SEAE B =4, IKIZEEDREAS Ag@C TSRk, 8T, 5
BRRIR A B - BiRE. BOBRG . EA TR 450 CIRIRE SRS Au@ZnO EA—E.

ZnO K& H: K 50 mL 0.5 M #i & B /KT T 180°C /K B 8 h, B LEERIA, 7K/ ZBE B AG
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FURTIRAAR . JFE: BT SERE R - HiEREE . BOWsk. Tk 450 CHBE 2h 018 S
Au@ZnO #H[A .

3. &R5ve
3.1. RIS RAE

1(@)&/~ T4 ZnO. Ag@ZnO K Au@ZnO AR &R X SHEATH IS . v KM, B
HREMMIYLE 31.77°, 34.42°. 36.25°. 47.54°., 56.60°. 62.86° 5 67.96° 4k SLIH B FIATHFIE, XLkl 5
INTTEFEERT 45K ZnO I ARHER Fr (JCPDS No. 36-1451) 1 FE W47 [16], 7 43 548 kR4L 4 (100). (002). (101).
(102). (110). (103)F1(112)f4TH . IX—ILGRIUESL, Au Fl Ag GKBRL I 51 N IR AR ZnO FEAA 1) 44 5
WEAER, Bl I A EMRAR IR R T RIFMZS R . 1A, 76 Au@ZnO F & AT 3 S, B ZnO 1)
FRAEUEAE, WL 3056k 2T T 0 32 J7 546 Au FRAEAT 1T (JCPDS No. 04-0784) [15]; J&fultt, Ag@ZnO
FEh R B T TR OO 45K Ag IR AERT S8 (JCPDS No. 04-0783) [17]. /& 548 1 3 B A X 48
K, SEOLATHIERZRES, (B LRRHEIE R BB C 78 IS Au Fl Ag 40K B0k R Zh f1 8k T ZnO ik
P

1(b) AR R AE S R Ah - AT L8 OB RO g . T ZnO ARAE A BRI, =S FE S AE
200~400 nm 84ROt X s R B H 9R 2L AW SeT 2R I H0E 58 A B R A I e S AR PE[16] . AEARTE R
&, M T4 ZnO, Ag@ZnO F il fE 440 nm LS 3R] 5% DX s 52 B0 S 632 B iy, T Au@2ZnO
i JU)7E 558 nm Ak H L — > B 2 (1 4R IE R AT 6 o o A T AL S X (A R A O K] i R 4 K AR A R 1) S
BRI 5 B OT IR AN . IO FRRIEAMY Y Ag T Au 9K BIURE 1) J Th SR B A T B IR AR
WA T HAERR @WK IR W BE 77 IE /& i 0 b 20 58 B 18 9 R 6 W s ks v, IR 7 T
Au@ZnO FI Ag@ZnO &M EHE FBR N K i BB AR QR D 57 140 4 T B AR SR Vit ) e 38 1 1
¥R,

X AT R (XPS) 70, & 1(c)~(0) I 1 B F T8 78 il 4 4 BH 2 AL 2 LR S % e R
AR . BB L) XPS AR aHiss Bk, =AFE 3 iEMWH W E] Zn, O, C =Mt
MRFAENE, Hob C uRMAZIEEH AE T XPS XA K2 RA N =M 51 NI BTs Y. (AR
52, 1 Au@ZnO Ff il Hh A I 2 B 5 (1) Au 4F (55, [FIITFE Ag@ZnO F b Ag 3d [ AHFAEIE 5755,
K—IREZEAR T 5248 Au il Ag 7E ZnO K1 A E X EUE, KT XPS HA Rl = 505 ik
. L(d)ER T =AFEI Zn 2p 3 XPS gtk T4 ZnO. Ag@ZnO K Au@ZnO, ¥JTE4E&
HEZ) 7 1021.87 eV #1 1044.82 eV Ab H I BN XF BRIGAFAEDE, 23 5% BT Zn? (1) Zn 2ps. 5 Zn 2pa H g
BBy 240, 3BT LR B, 2 Au BE Ag B R, Zn 2p BRI I A7 AR B T 48 ZnO R R A W] RS,
X —2E BRI 4B R IR M Zn0 ek Zn TR AN A, ORI E) I () & 4R B 7 2R
55, B ZnO M7NT7 A8l SR S MTE E G R 15 DUR KR, X A EH B e AR e AR T 451
i

1(e) A=""HEN O 1s I 4 #E XPS el J HAp A& 45 5. A FEm 1) O 1s 3 vl & A
AR 0. X2 ZnO, XA 7306 7 T 454 8 530.44 eV 1 531.98 eV, FHAHXS & &7l
62.07%7F1 37.93%, 1] 43 AV JE T A AR TR AR . &8 A SRR 1 SRR 28 L ) 2
esE AU RE RIS IR & . 4T Ag@2ZnO FEdl, O 1s B MU & igAr T 530.37 eV 1 532.33 eV, Hrf
RIMPARILER 5 RS 24.86%, M T-46 ZnO B3408/0, XFRW Ag 73S E ZnO Fi i 1 b
AR AR B, X AR AT AR S SRR NS R I RCR P AE AR . KT Au@ZnO £, O 1s 1)
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G UL T 530.34 eV 1 531.93 eV, KFEESA L N 32.41%, AHE T4 ZnO {UAH M58/

1) Au@ZnO B Au 4F (R 4335 XPS feili. fE45 468 84.08 eV i1 88.48 eV Kbl il 4 #f
HEAMREIENE, 2 BI% N T 2825 Au ) Au 42 5 Au 4fsp FIESUE 232406, 285 RIFL7E T Zno %
[ Au JCER LR & RS, B 1(0)BR T Ag@ZnO ¥ Ag 3d ¥ 40 7 XPS REE, TE4E 4
At 367.78 eV 1 373.63 eV ALWLI BIPH AMRFAEE, 43 0T B T4 )@ Ag 1) Ag 3ds 5 Ag 3ds I iEHLIE 7
U0, R Ag [RIRE LR A RN 6138 T ZnO £ R Ag U RE AL, (HES S O Ls T 4s
Ag IFENT ZnO K F2EA AP IR BORAIT AR thah, HRIEESL - nr R BOEiE a4, Ag
Je3 4587 THT 25 5 G LR S8R TE TT L DX R AT B P B Ot S Rl RE 3 SRR I 55 T A, IX AT RE R S
Ag@ZnO HAMEHEARSHE R T Au@ZnO M FEZ R A .

(@ (b)l 0 —Au@ZnO
\ ——Ag@ZnO
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Figure 1. (a) XRD spectra of Au@ZnO, Ag@Zn0O, and ZnO; (b) UV-Vis spectroscopy testing of Au@ZnO, Ag@ZnO, and
ZnO; (c) XPS maps of Au@ZnO, Ag@ZnO, and ZnO; (d) Zn 2p spectrum; (e) O 1s spectroscopy; (f) Au 4f spectroscopy; (9)
Ag 3d spectroscopy

1. (a) Au@ZnO. Ag@ZnO. ZnO B XRD EiE; (b) Au@ZnO. Ag@ZnO. ZnO EI%L4M - AT TLIEIEMIK ; (c) Au@ZnO.
Ag@ZnO. ZnO Y XPS EiE; (d) Zn 2p Ki&; (e) O 1s Hik; (f) Au4f ik (g) Ag 3d Kik
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KR FEH BT 24 ZnOo. Ag@ZnO J Au@ZnO =Fh gl KA B O S HEAT AL, 45 Hin
2 fvn. B AERT M RTES . P KSR SEM BIHR, o El 2(a)~(c) R
Au@ZnO, [ 2(d)~(f)*t Ag@ZnO, %] 2(g)~(i)%t ¥4l ZnO. WEER %N, 4 ZnO RIS I —4EghK
BRRGEH, 9KFE BRI AR TE 49 2 80 nm YU Rl N, I RAFrI4s SR oo, wnlEl 2(g)MIE 2(h) Bir
e WAL, FEIE 2(1) ik AT gL BB B AR 20 90 & 130 nm BRI AL BELE Y, A R AT VA R T
A B PR BRERASAR A7 LE : EEF R SEAE R R U TR B, 45858 KALBE LRI 5, TER T ZnO
ZOERFE. BRI, BT FARGOREE, ZBRIE M & AT D . & Au GURIRL 71205, ZnO FE4R{)
YeRFH—4EGURBEES (N 2()R1E 2(c)Fw), (YK EBERIEE I, »A67E 63 % 87 nm JE 4 ;
IR, 7214 2(b) AT T M L 2 R ~F 2408 0.26 £ 0.39 um B Au@ZnO 549K BRI T ZnO 9kt
. T Ag@ZnO Kb, Hgukrs HAMINE R B3, /S AfE 98 & 160 nm 2 [i], fk 2(d)F & 2(f)Fr
i, HAEE 2(e) b FFE IR EL 4224 70 nm ) Ag@ZnO ERFELE#) . K% SEM EHE (K 2(c). 14 2(f).
2(1)dE—AESE, =R TE IG5 RIS S TS A, RS S B B AR TR R . X
T — YRR S5 H G R TSR 71 MR B S5 3 B = & s AL R S R AR a4 A
BRSO RE = AR ARSI

TR I G BR — T BRHI RO AL S5 A A LGSR TAR AT /0, g5 Rl 3 Fom. B 3 =A
FES IR - BUNSRL, =H WS PR IV RISRREE, JhEEa B AR 2R, BER RN
EAPTEANFLEE, 5 — e TP HERUE SO HERRFLIE R IE — 8. FLAR A 22 (1 3(b)), RIA=Fft
AL E EAEFE 20~60 nm Z 8], Au@ZnO HIFLAERK, NS T I ORI R T 3 £ (1
. M 3(c)F AT LA, Au@ZnO FILL KA A 16.80 m?/g, Eh4fi ZnO & 0.10 m¥g, Ltk Ag@ZnO =
3.20 m¥g. BRI LERR TR — Mo iy ok 55 22 [ SR RS 7 A, AT A ) T4 v ARk 18 A=) %2 12

ob
He o

Figure 2. (a)~(c) Au@ZnO scanning electron microscopy image; (d)~(f) Ag@ZnO scanning electron microscopy images;
(9)~(i) Scanning electron microscopy image of ZnO

2. (a)~(c) Au@ZnO I EE%; (d)~(f) Ag@ZnO KIFHEEBERIR; (9)~()) ZnO HIFIHEEEE K
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Figure 3. (a) N2 adsorption-desorption isotherms of Au@ZnO, Ag@ZnO, and ZnO; (b) Pore size distribution of Au@ZnO, Ag@ZnO,
and ZnO; (¢) Au@Zn0O, Ag@ZnO, specific surface area of ZnO
3. (8) Au@ZnO. Ag@ZnO. ZnO A N2 IRF - BMtEiR4k; (b) Au@ZnO. Ag@ZnO. ZnO BIFLZ 49 #; (c) Au@ZnO.

Ag@ZnO. ZnO Bt = mEFI

3.2. SEEFESH

R R SR AR I B EMERE SR, AR SO HISOR (IR RO G IUR (R K) B Fr TAERBUT, Au@ZnO.
Ag@2ZnO fRIEANT T HIEE . HEE, LFE. B 1E TR 2SO SF LA R SR BT T RGN,
M AL S8 SRR IR A 2 S B 2R rBELAN H b SR P AR AS B LU (Ra/Rg) . ORISR, & 4(a) F]
4(C)FT7R, Au@ZnO TE 220°C~330°C TAE IRV FE Xt IE T B B SR R RE e, 78 250°C ik 3 ok
Wi SAE(380), Az i T AR MR AR RS, ARG B 0 IE T Bk B, WK 4(a); Ag@ZnO 1E
190°C~300°C 7t [l P o IE T BE A BAF FImEI N, 220°C I ik 32 80 fRIMFI SRR, (H 2 Mot NG ARt 24
Au@2zZnO 1%, ULIE 4(c). WiFPER & RIEMRIN ZnO ALK ARAE AR B A0t IE T BEA R IR BE 77, i
NAERE TARRETH = T = a0 BT SR S R S oA R E A 1 de i TAR IR R

LY EDCHOAR I, ik AD)RIE] A(d) s, AORMR ARG ERIEAT R AR T R R .
X Au@ZnO & as ki, 7£ 365nm. 405nm. 680 nm KT, IE T EEAIMTNAE B & R4, 7E 480 nm 4056
M2 g5, IE T RERma S S B BT R AR o B AR O G OR, REREEIAR] T 115.2, JCARIERE iR
FEAE RO AR R X E T RE AR SRS, AR A SR IE T B RO M AR, 0] 4(b) i BONAR
M 7 X [ FBOR L X6 F Ag@2ZNnO fEIKEE, TEANRIMBE KGR, X B ARt < 14 v Jo2 s {2 40 b F R
BRENMGZ, RATE 365 nm SEAM GRS T IE T B Al G RS I ma L, R BB N LA
BN, n P 4(d) R A R X TR EOK B, X BB Ag@2ZnO [ R KBNS MK T Au@zZn0. ik
SERFMIEN, R TAEBREBRFCEUR) VI, o] LA R 51 4@ 181 ZnO FAL EREs < 0k
AT N, o Au@ZnO FERWHUR TR IE T BEA BT IR IR RE 77, TEGHOK T FOk BV R K AR
WS ARA, St FE R A S DRI K, T B T R 0 e e R MR SR AR AR S

K 5(a). [ 5(b)7 A4 T Au@ZnO. Ag@ZnO F4li ZnO =A% IR 4 78 HI & A R A6 2R JE 4
HLFEARE R . FR P S(a) AT, ARG RE T s i = R iEeas e PRAELZ R/, B SL i 2 Sk Ui
RS ERERNRE, E%  HRRETHERERIE, Au@ZnO Fl Ag@ZnO K HLHE #R R T4 ZnO 1%
JEE, XA LU TR & B YRR SN, BT Au BUE Ag KBRS ZnO ik 7L I T2 Rk 1 4 3
&, BT ZnO FEH 35 48 BE R A & R AR BURLE Bl ZnO Rl FARERZAR 5, oM
FHE R G . EEIOR ISR (] 5(b)), RATTER 365 nm T 405 nm 2841 1] W BRI, 5 1%
{14 FEL LB At B0 BA 58 19 B 5 T 7E 480 nm A1 650 nm AT LGRS R, i Il R 4 &2 HBR A 500 MQ,
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Figure 4. Au@ZnO, the gas sensing properties of Ag@ZnO samples: (a) Au@ZnO selectivity profiles of six reducing gases
at different operating temperatures; (b) Au@ZnO selectivity profiles for six reducing gases under different wavelengths of
light; (c) Ag@ZnO selectivity profiles for the six reducing gases at different operating temperatures; (d) Ag@ZnO selectivity
profiles for six reducing gases under different wavelengths of light
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Figure 5. Characterization of Au@ZnO gas sensitivity properties of samples: (a) Au@ZnO basic resistance at different tem-
peratures; (b) Au@ZnO basic resistance at different wavelengths of light; (c) Single dynamic response/recovery curve for 100
ppm n-butanol at 250°C; d) Single dynamic response/recovery curve of 100 ppm formaldehyde under 480 nm light
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Figure 6. (a) Au@ZnO sensor cyclic exposure to 100 ppm n-butanol at 250°C; (b) Cyclic exposure to 100 ppm formaldehyde
at 480 nm light; (c) Long-term stability test for 100 ppm n-butanol at 250°C for 8 days and long-term stability test for 100 ppm

formaldehyde over 8 days at 480 nm light; (d) Response at 250°C in relation to n-butanol concentration; (e) Response at 480
nm in relation to formaldehyde concentration
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