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k@i, —2, KFEH, Fx=5
(R F2p Al S50 T 24 Be , 34 716000)

WE IR T T Dy0y/La:0:H 52 & AW iyt Re Ak K OBIE BT &, AT 1, 2- 3R %8 (PO) e 5
PRGN . A0 L AL R A0, Dya05/Lar0s 57 5t T 77 28 T W35 1 UM R AL R0, 5230 T %
PO 43T 1Y 1 o ABURE 5 1 e PR AG I (LOD=82.8 wumol/L, Xt PO A& i Ji7 5 B & T 89 1065 2L F). AE e fd: 5
06 2 PF R CRE I 1< 575 am, AR BE 360 °C, AR 4 320 mL/min) , ALK G 5 PO R &L KIF2R 6
Z, RN y=9701.25x+15085.19, 5 H R 7 8.28x107 mol/L, R?=0.9969. 1% &8 Z 45 HAT B 1T HyFa & 1
(11 KGR RSD<3% ), AR IR K 96%~108%. FeTFILI0 25 A H T “ Sl & - A IG b - B AL - R
RICT WG ENUR . A TAE R IR TURE - A S o R T 3R, I A IR R A P (VOCs)
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Cataluminescent Sensing of 1,2-Epoxypropane Using
Dy20s/L.a203 Rare Earth Composite Oxides

ZHANG Yuwei, DU Yihao, ZHANG Yantu, LI Yunyun'
(College of Chemistry and Chemical Engineering, Yan'an University, Yan’ an, 716000, China)

Abstract In this study, we developed a high-performance cataluminescence (CTL) sensing platform based on
Dy>03/La>05 rare-earth composite oxides for specific detection of 1,2-epoxypropane (PO). Through optimized compo-
sition regulation of the rare-earth oxides, the Dy, O 3/La, O ; heterointerface demonstrated remarkable synergistic
catalytic effects, achieving both high sensitivity (LOD=82.8 wmol/L) and exceptional selectivity (10-fold higher
response to PO than interferents ). Under optimal conditions (detection wavelength: 575 nm; temperature: 360 °C ;
gas flow rate: 320 ml/min), the CTL intensity showed excellent linear correlation with PO concentration (y=701.25x+
15085.19, R?=0.9969), with an ultralow detection limit(8.28%x107° mol/L). The sensing system exhibited outstanding
stability (RSD<3% over 11 cycles) and satisfactory recovery rates (96-108%). A "photoexcitation-oxygen activation-
selective oxidation-characteristic luminescence" sensing mechanism was proposed. This work provides a novel
strategy for developing rare-earth oxide-based sensing materials and offers an innovative solution for environmental

VOC monitoring.
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5 RAEA LI (Volatile organic compounds, VOCs)J&—2 2 AA4EF TALHERL . IRE RS ™
an R SR PRI TR A AL i R L R DB, VOCs X SIS {5 PR 58 A4 ol )™
s R, A SR RELA VOC A& BRI 7 R BT 25 . Hirp, 1, 2-32R N ¢ (Propylene
oxide, PO)JE—FVEZ ML TI50RE, |2 FFREFZI0RE . N ZBESE ™ AR, SR PO HA s Al
GyRRYE , FEXEVETE DM A AR XU 7. Rt , R el . R 1, 2- R SR e A% kil B AR AE 37
BRI | ol 2 4 A BT e AR v B R

H AT 41 1 PO Rl H AR A S 312 (GC) | BTiEE (MS) | £LAMEIEE (IR) | HUAb 2R AR IR R e
TG IRAE 1 SR B )y k4 HAR BN, AN GC IR MS 75 B AR RS i, (Al H i 45 i ot L BE R
FRFERT, JOPN R S TR . BRI, ZESEBR N R LR 5 I R | SRR . O R A
B AR, 1L &t (Cataluminescence , CTL) A& BE ARFE VOCs K I H HA SRR, JoHAE R
BECRE | 7 T AR SN Wy TR B SE . CTLAL SRR A A AR X 7 B | 3 AN A, 2% SRR R
FGEEAGT I AR B, FT B SRR S A TR, TCRE S - W FE il AL BE2E TR >4 FE CTLAR IR 4t
o, S RME AR IO, M RE BRI CTL W R BURE | SR nAs etk e

s 1 AR B R I H 454 L DSt R A AL 1 M, AT T VOCs ik & 15 I8k
R . i 4R (10 CeO2, Lax0s, Y2055 ) HA RAFAy b ae e rnfieoe vt , HEA F & R
NS A AR SRR, BEIBAESL VOCs M5 AL SO 7' DR o P47 - S e 2t L 454
a5 H MR A AT R AR ANE PR, TR — 2D AR T AL TG PR R, S e
VOCs MR B S v RBREARTIN . SR, s TR SR s e /b, AH SCAILTT i AN TR o>

AR TCR FH fl B K B il 45 T Dy, 0,38 241 Dy,0,/La,0, %% + 2 & kY, FHE i WK X 5k fir 5
{X(PXRD) | 4 L+ 358 (SEM) F X S HL BB T (XPS) SR AR RAE T HLAOULZE A A AR F Rk
JT . il L EEE Dy,0,184% 18 (5%~30% ) 3458 La,0s FAEALIE M . S8 2L AR Ak 2 AL IR A 25 44 %
JERIRRE | ARSI A AN A, SRR T PO 1Y R U R e MY CTLAR I . s, G p R
PIE R PR RL BRI T T A5

1 SEIGESH

1.1 XK 5

NIKA SRS [ Dy (NO,),+6H,0 [FI7S /K GRS ER [ La(NO;) 5+ 6H,0 1, LAz e MA w5 S84
ToK I 1 2- AN %E . TG . S e FIIE . FIE . DUSRKI . IR SR RSN, 2545 H i
SRR A F] L SCBG R FGRIE8 R bl

X'Pert PRO MPD & X B R AT S (XRD, 7 2% PANalytical 23 7 ) 5 Zeiss Sigma 300 %74 B i 734
B (SEM, fiE[# Carl Zeiss AG /A A ) ; Thermo Kalpha % X 5 285 HL T HERE (L (XPS, 3£ [E Thermo Fisher
Scientific A F] ) ; BPCL-1-TIC BB 1b~4 % S (O MO ERHE A F]D.
1.2 LR
12,1 BB HE & Dy,04/La,0, 8 GA BT & . SROCIR017 ] IR MEE M, FIFZKIG B
B4 T Dy,04/La,0, 7 T 58 48404 .t Scheme 175, B %6FREL 5 mmol (2. 1652 g)La(NO,),+6H,0
F10. 23mmol (0. 1051 g)Dy(NO,),+6H,0 7% T 30 mL 2 25 F7K th; 7RG S50 FHdhE 1 b5, Wik
o F HA BV LIS N m TR RS Z8 7200 “CR RV 12 hy R SERUG A H R, X7 Pkt T
BT, IR KR TOK GRS PR 3 s b n , B THAE 80 'CTH 12 h; ), ¥
P E T R T 650 CHERE 6 h, 1531 Dy,0,#84% 18 4 10% B Dy,0,/La,0; PR K. 104N, R X
D T Dy,0,38 248 K 5%~30% ) Dy,0,/La,0, 5 15 558408 . 5286 Fhid il 1 2540 3 La,0, 94K
Wk, RO BRI Dy (NO,), - 6H,0 4h, 5 FiR& BB TEAHTA] .
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Scheme 2 Schematic diagram of the CTL sensing system
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2.1.1 PXRD &AE [ 177K Dy,04/La,0,Ff -5 & AL ¥ PXRD 5 R, 7E26=26.11°, 29.13°,

29.96°, 39.53°, 46.08°, 52.13°, 55. 44° i & H1 BL
A 5 B AT 0, 4 0% BV La,0, B i - (PDF#05-
0602) 1y (100) , (002), (101), (102), (110),
(103)FI(112) fbTaT , 3k EERAEE AT S ShrifE R A
SE4SVEECRY. [A]I, 7E 20=28.98°, 33.59°, 48.23°
b B 435 5% U 8 T Dy, 0, (PDF#43-1006) 1) (222) ,
(400) F1(441) Fhiai . 20=27. 5° fit i 30 A0 A7 50
Al REIH K T Dy,0, 842 3 it S 80484k, 51
AT P RN s BT La 0% &) W AR

i, W52 S K 43 SO AR B La (OHD 52, R
TZATT 0 T RS I F  2 TRAE D i Ah P B R
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AR FRHIE B La(OH) 22 AR . LA, A7 59 I Hh ARG 0 1) At 2 o e, 156 W1 BT ] 45 119 Dy, 0,/La, 0,
BA DS SE b ARSI, RUHZE B R B il 45 B — WAl | = 2632 1 Dy,0,/La, 04 + 5 &
Ay
2,12 XPSHRAE it XPSH3HT T Dy,0./La,0, 4 BHA AL 221 anfE 2(A) s, XPS 4k i i i ml I
Dy, La, O Fll C LR HIHHENE . K1 2(B)~(D) A 10% Dy,0,/La,0, 1 5 73 HE8 XPS i &1, Hi La,, 1% 4]
[1¥12(B) ]7£ 834. 98 eV (La,, ) F1851. 68 eV (Las,, )b 5 LM XU éﬁé}ﬁﬁl‘ﬁﬂﬂﬁﬁm 7eV. HTHT-
2 7RG RN, TE La,,, Fl La,, 0522 H 58 A HB’JE 24250 Py, l’il[r«ilz(c)] /R, 1295.88 eV
(Dy,,,,,) F11334. 18 eV (Dy,, )AL IIFFIEIERS I T Dy (k#2500 0, 3% E LI 2(D) AT L5 344
TEWE , A3 %F 7 528. 38 eV AR A% 48 (Ora) © 530. 48 eV bR FL A (—OH) LK 531. 38 eVALE@ﬂliBﬁ%L
(0,,). F& SO B TR SR N IR Ut 2T ML a5, NI PR s 1 .

(A) Lass (B) 851.68 eV L 834.98 eV

WM Lass; 2 ..
e i
Wﬁ : \
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M
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Fig.2 XPS survey spectra of Dy,0,-La,0,(A) and high-resolution spectra of La,,(B), Dy,,(C),
0,,(D) of 10%Dy,0,/La,0,
2.1.3 SEM%(AE  Dy,04/La,0, &M BRI HORZE A WK 3(A)~(D) iR, SEM 43 #72H, Dy,0,/95] A
I 5 2 AR La, O, 1 IEARTE S, FE S OREE R R GURZS AR . (AR, 9K 2 RE R T

Fig. 3 SEM images of Dy,0,/La,0, composites
(A) Pure La;03; (B—D) Dy0s-doped samples with 5%, 10%, and 20% doping concentrations, respectively;

(E—H) corresponding elemental mapping of 10% Dy>03/La>0s.
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F & B AR EREERFLER, ARV AE T AR BUE I, R UE TR A BAE BT R
E 3(E)~(H) A 10% Dy,04/La,0, EDS Mapping &, A LIIEEE] Dy, La 10 3FpoCEFEM AL 230 w5
BISI A BOIRAS , &0 A KR A 8 R AT, HAR & 0B I 9 B o3t b sl 2% A o S 4

2.2 CTLfZEA&T & HaIK

AL PO BRI RE , DA 10% Dy203/LacOsVE AL B L, #E 10 mmol/L PO ¥R BE 4514 N %48 T K
DA . AR IR B R A 3 25 24006 CTTL e 1 A 5]

WK AALEE R E 4 (A) Fros, SEIC— a2 ¥ F B B8 6 R 35700 a2, Bl 2 8 6 R K B 38
(400 nm~620 nm) , CTLAF 558 3 S BUSEH N5 08558 . 76575 nm A WE B 5 K iy i, FRBZIE K
TR AL R OCROR A, i A AR A . ZE R E R IR (575 nm) 2544 R, TAEREE
AL LE AP 4(B) fir 7 B BT T8 (260~400 °C), CTLL 58 5L PG HE 3 5 00 U, 18 360 “Cik
FWEAE R B . X — PR AT A SR AL & 6 SO 1K) Arrhenius R . 1B 4(C) /R TSR 1% (220~360
mL/min) % CTLAS S REAE R . 24373 < 320 mL/min B, PO 435 {40 50) 22 T8 35 P o7 s 1y 42 ik Fsf [
o, AL SNE FE A5 TS > 320 mL/min B, 5 PRS- BU N P B B RIS A2, AR 58 4 U )
PO 2 FHH7 B SOV IX 5 78 320 mL/min B SEEL SN 722 A7, 345K CTL IR LY

8.0 8.0
(A) 575 nm (B)
3 555 nm =
£ 60} S 60
£ 535 nm 600 nm z
8 E
E 40t 2o 2 40f
- 3
-
3 490 nm gL E
L 20 460 T 201
= 7 440 e =
425 nm|
0 0
450 500 550 600 650 260 280300 320340 360 380 400
Wavelength/nm Temperature/°C
8.0 3.0
© (D)
= = 5% Dy203/La.0s
=\V§ 6.0 ‘\; 10% Dy203/La203
£ £ 20r.20% Dy:0:/La:0;
S E) =30% Dy203/La203
= 401 i La;0Os
d 5 1.0F
® 20f 5
= =
0 L
0 . . . . . .
220240 260 280 300320 340360 0 5 10 15 20 25
Flow rate/(mL-min) ¢(1,2-Propylene oxide)/(mmol-L-")

Fig. 4 Detection wavelength(A), working temperature(B), gas flow rate(C) and working curve for the CTL
sensing of PO based on Dy,0,/La,0;, catalysts(D)

2.3 kR ER RAR H FRIUE

TEPACBIREIN 250 T (A=575 nm, HJE 360 °C, SR 320 mL/min) , AN[F] Dy205484% LA ) Lax0s
HEAE XS PO 9 CTL MR W 45 W 4 (D) Bz . 24 PO IR VI LA 1~25 mmol/L I, CTL R (y) 5 PO
W R (o) BT IZRPE R . R L M OC R B R Bk H BR (LOD) 433 h y=4676. 55x+2784. 60,
R*=0. 9980, LOD=2. 0x10™ mol/L (5% Dy,0,/La,0,) , y=6970. 17x+3883. 69, R*=0.9955, LOD=1. 13x10™
mol/L (10% Dy,04/La,0;) , y=9701. 25x+15085. 19, R’=0. 9969, LOD=8. 28x10"° mol/L (20% Dy,0,/La,0;)
K y=2839. 30x+9711. 93, R’=0. 9949, LOD=1. 51x10™* mol/L.(30% Dy,04/La,0,). SZH45 0 | K =2
T BEE Dy205 7 1 XN (5%—20% ) T . 35 3 51 (4676. 55—9701. 25 a. u. *L-mmol™"), 20% B44HE i
B 5% FES I RIGUESETE T 202, 1655 SR, 49542 HL G4SN 2 30% 5, A4AHT CTL 5 5 AT 2
OB A BT R . X —45 R, Dy,04B 22 M B X AHRHE e oA W& AR VE T, 7ER BB 24 {E
(£920%) T, Dy205/La:0: 2 B H fe i BOMEAL T M, X EZIH R F Dy 5 La¥ Z [0 B i FEb RN, B4
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AL T B P RS O LA A AR R R T R P 5 20 2 M BB , 14 Dy.0:88 441 fig
ST T 2 ST | 7 R T e B AR M AR S AL S 5 PR AIC CTL M 2.
24 fEEMEREMEITE

Dy>05/Lax0: 52 & A BHE PO Kl g 9 PR AR e MDA ZE SR W& 5 (A) s, Zead 11 YGESEMNR, B
AFEY R T 0 E ST, XS 22 (RSD) 23 5118 3. 1% (5% Dy,04/La,0,) , 2. 6% (10%
Dy,0,/La,0;) , 2. 7% (20% Dy,04/La,0,) F1 3. 8% (30% Dy,0,/La,0,). Mk, B4 &4 6 kK
RSDAEHART 5% , W AL MRS 20K

8.0

@A) (B)
o M2 RSD=27% 2% Dy:04La:0: A
F oo ")\w\,/ . J/Q\‘W ° g 6.0 3
£ 08 . £ g = 2 =
é RSD=2.6% 10% Dy:0:/La;0s § sob g _ é R ,_% ..§ % o ..%
E E 2 o ©° = i T S
5 0.6 RSD=3.1% 5% Dy»05/La;0; = 2 8 5 E 5 § 5 3 =
3 . 078 DY0 3 et Zf:=fsfz
R SI338% —o 3 Dy u L, 2% 8 335 E S % 3
S 041 o909 o909 oo oA = B2 2 <A & & < =

L i 0

Ist2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th
Cycle

Volatile Organic Compounds (VOCs)

Fig. 5 Cyclic stability test of PO catalytic luminescence(A) and selective response to various VOCs on
Dy,0,/La,0,(B)

2.5 SEEFMITMG

TERAE TAESAE T (A=575 nm, L 360 °C, ik 320 mL/min) , 2K 20% Dy>03/LaOsf% b4 Ak Xt
PO S HEAE T O A et il nf& 5(B) Frzs, BEx 8 R Y VOCs (R FEEEE | B | IFZEHI
PUESE) AR HESEIR s, SRR CTL WA 38 E A PO 9 9. 27% , DU R IR Y CTL I 58 B2 AR PO
8. 56% , 52 IR AT 10%. HARTHY (ONE . W be . e RO b . NRRIEFI I 240K
R E) B EES . DL EZSRE, Dy,0/La,0,%) PO R H RS AL G, ATRRIH A F Dy G dE s
X PR E LT R SR, (A1 Lao O &AM AR H ARy A9 IR, 0 (4 REAI 4 A AR SF O DL IEE T
PO HEALIGALRE ™, AT R X 7 BN 54 5 HE VOCs.
2.6 hn#REIH L

HPEAL Dy205/LarO5f% AR E SEPRFE it K vh O PERE , SR AR DSk 4T T 30IE . 78 PO I 4t
RGP, A3 ) A e . F I e AR R R JBT rh AINAEG . v s 3RIVR B AY PO BRfdi , LASEADL
S EEREN . R LR, PORRMERL S INBRTR S CTL R N5 0 B Ve 22 57 (P>0. 05) , KWL
FE TR PO K 4 52 00 7T 200 . H AR 3 BT 0 4 1SR L 96%0~108% , AR A i 22 (RSD) Sy
1. 6%~3. 9%, [BICRAEIT 100% , UESERLINZE RAER n] 5, 7520 VOCs HA7 25 0F A IRFF Rk 1k
T 2 AT ALy T 36 UE (2R (TSR 80%~120% , RSD<5% ), 36 IIX — 3 1% & 2% 3 o 1) 5K
PrEE AT

Table 1 Results of the spike recovery experiment

Actual concentration/ Measured concentration/
No. Composition RSD(%, n=3)  Recovery(%)
(mmol - L") (mmol-L7")

1 Propylene oxide 5.0 5.4 3.9 108
Dichloromethane 5.0 5.4 39 108

2 Propylene oxide 10.0 9.6 34 96
Methyl alcohol 10.0 9.6 34 96

3 Propylene oxide 20.0 20.0 1.6 100
Formaldehyde 20.0 20.0 1.6 100

Chem. J. Chinese Universities, 2025, 46(8), 20250108 20250108(14/16)
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27 EUENARE

FEFSLIEE S B A SCHRESY , $EI Dy>05/La0:%f PO AL & 6 B AILEE A Scheme 3 BTN . B
5, PO Sy T IMTE Dy,0,/La,0, KT , 325 Dy,04/La,0, 44k PO 5 0, % A E AL , A= B 1] 77 4 B f
L) ZIS AT N A SRR (1) B2 O A . FEMEAL R R B R, Dy20s/Lax0s1F A
WAL 2S5 Ry, i 2 A Sy i B v i RE AR AL SR R fr 4325, Dy20+/LaxOs+hy——>e +h*(Eq. 1) ;
(2) TEHEEIRIE AR . 2T W B AU AR L AR B A A 3L 0a(ads)+e——>027(Eq. 2) 5 (3) Ak
AR PO STE A R AR B A A A BOOR AS ENA , C3He0+30,——CH,CH,CHO*+CO,*(Eq. 3);
(4) SCHESIRENC : R AT Y4 &%, CH,CH,CHO*——>CH:CH.CHO+hw (575 nm)*, CO,*—>CO+hv*
(Eq.4). JW4 F%ﬁﬁ%%cm1@Mﬁﬁmﬂﬂﬁ%ﬁDﬁLﬁmﬁi$uVﬁ& G AkRE, 02
EACHGEIAEIR, TR R B et 5 A ek S T = AR R iE 2O 5

Dy203/La203 Dy203/LazO3(Cf) 4 DyzO3/La203(h+)
Eq.2 »
0, + & —> 0; v Ea =
0 \ Eq.5

l
%‘ + O _FO3 cncncH + co; + HO

0
0 hy \ Eq.4

Il
CH:CH,CH + ¢

Scheme 3 CTL sensing mechanism

3 &

T AT KR AT G BT Dy205/LacOs 9K E S HEMLMEHA R | IE4G LN F A& %6 (PO) 1
PREAb R A T LL§%m%HﬂﬁA@mmﬁfwmwm&ﬁawﬁk&ﬁ,ﬁﬁmﬁﬁ%w
W), SCELT X PO 2T A s RS e B A I . MERE IR A S |, %L A R AT TE M Bh A
WL FE (1~25 mmol/L) | B AR (82. 8 mol/L) L R Al S (A RE e E (RSD<3. 19%). % TAEAL
S A AR SO R BT RS TR, SN IREE VOCs B I H AR 19 & RS2 44 T3 4
RF-BL, R nT dE—2 T K (i R 15 45, 4 R EL o FH A 40K

z % x Wt
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