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Abstract

4-Nitrophenol (4-NP) and 2,4,6-trinitrophenol/picric acid (PA), as two common nitroaromatic com-
pounds (NACs), are widely used in fields such as explosive manufacturing, chemical raw materials,
and organic synthesis. Despite their extensive applications, NACs exhibit strong environmental and
biological toxicity, posing significant hazards to human health. Therefore, designing a highly sensi-
tive, rapid-response, and portable luminescent sensor for detecting NACs is of great importance. In
this study, a heterometallic compound with strong blue-green emission was selected and fabricated
into a PMMA hybrid film for the specific detection of 4-NP and PA.
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1. 5|8

AT E bR AT R IR S SAARHE, ARG R g, HorP AR A R T O
FFEH . WRIEEA EREV AT 2023 FEIRE B, AIRAA 17 MEEEFAT N B R IREUE AR R
FIRITETERE I[1]o FET 40T 2 AT 1, A8 & AU S 0 Rk R O A e 2 1ie
VIFa R, XEHEV AT M. FEREESE. SRR, KPafsr2amis
2-TH R (2-NP). 3-THHEE(3-NP) 4-f A FN(4-NP). 2,4- T EZEM)(2,4-DNP). 2.4.6- = fil 8/
TRIR(PA) [F] A ZEFF 2K (DNT) DL K 2,4,6- —FHFE 2K (TNT) (2] o, 4-NP #E#HE G et =
2y AR RIR 25 R k), (B B RORM E R EoE N, KA s T e 27 5 B R R, 5
EEIFIER MHE R Z AR RPE R G RGO K, 4-NP B B ™ 85 e i b, SRS
RYCPHI[3]. 1 PA R—FE itk GBNEILED, SR RER RS0 ™ E g, i N K
PREEIE, ATREXT KA AR AE DG B T, AR RGP (4], MhAh, N ARER N BRI il
PA S5 E 5, GG R bl B 5 AR S . S el IXBRARVS . SMERFAS . mE e g
&, R TAMHL(WHO) RV R /K + PA BISRE H FR(LOD)A 0.001 mg-L™!, ZKT PA XK FlfEk
HEFEN(H ) 120 mg-Kg ™ [5]. RSB PA 2318 I A SR FE 7] &, (5 PA A5 32 B T 39kl Tolk
KEHREE ML= SRR Y T A SEEE = R 2 Tl i 6] -

PP AR SR, MRS BB IAEE, OOy R E TR R SR A O W
AL BT R EA 57 R RE I 2 & R A S T R R IR 4-NP B PA 158 a i i o

2. SEI§
2.1. LAk

1) LUK HEG . 3-8 5 O I N JERE b TR N-(3-Z8 5 28 )-2- FR S R F Ik Mg, A3 v 1] 44
5K s K N 4 A IR NAS B HoL: 2-FRFE-N-(3-((2-F8 3L WP % 38 ) 38 ) W 36 25 R It e o

2) 2 0.05 mmol AifA& HoL IIAZE] 50 mL (1 EEF A, IAE R KGR, BRI NI 3,
RN 13.5 pL =4 EBRAEYH R4, #Hidk 0.5 h /5. PS8 H)E, FREC 0.0149 g (0.05
mmol) Zn(NOs)> IO B FiR ¥, W E| 2RI H IR LR PTvE, HiFE 2he FREX 0.0444 g (0.10 mmol)ff
Sm(NO3);-6H,0 MR E MR, 4ksLfidt 2ho WbE, WD, BIEE 7 —METR A L MEE)E
&Y ZnSm-Cycle.

3) ZnSm-Cycle@PMMA Z= VIR & 5 i%: #ERFREL PMMA 2.00 g, & 50 mL BRLEHH+, MA
10 mL LR LB . FEREFEAAF N R A n#I730, BL2°C/min MTHRIEERZE T2 80°C, HEM
KOk PMMA MR . BES, 2 BIFE X mg (X =2+ 4. 6. 8 mg)Bl &Y ZnSm-Cycle, #2573 8TF 10
mL ZRBEF AR EME . AEMER RN LA PMMA B 2R OESER, HEhik: 4 h, 78 80°CHIE
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WK ELFATIN 10%. TR AR INTE 10 x 2.5 cm IEIR_ LA 2R BRRT G’
AR (R B MLAE Z8 K 4 h AP BRI B . TG A 82 T A% A JBE B w453 21 AN [R] o &2 3
ZnSm-Cycle@PMMA Z:1LJE .

2.2. R 55RAE
f# FH| Hitachi F-7000 ¢ %64 ZnSm-Cycle@PMMA 2440 JIE () 5 1t RE A% I8 g HEAT 1R
3. EREIR

PL 440 nm MR PAK, KT ZnSm-Cycle FIRFERSERE, @& 1 Fir. 1(a)RHIZERETE
475~540 nm HIL 7 — IR R A, FIETELN 33 nm, KEFERLT 490 nm &b, X AT HERE TS RO
BB T R BN 7], LA 490 nm AR B, 433 7 ZnSm-Cycle FI R GHE, 7 425 £ 460 nm H
Y — AR A R, RAEBUR KA 440 nm, ZnSm-Cycle 7 425~460 nm F 38 1T 58 45 0 & 11 25 B
T 5 R R R A AR AR N AR TS, S T AR AR ERIT, b T A MR TR . S
7E 440 nm AR RS, 7T LUEEIME S ZnSm-Cycle RICAE S AR . K 1(b) NS ZnSm-Cycle &
SEERE GBI CIE (AL, RIMESE AR RETIERTX R CIE (AR, TS 2L A AL bR
9(0.1348, 0.3962), AbT it RIZR 2T X 55K
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Figure 1. (a) Excitation and emission spectra of ZnSm-Cycle; (b) CIE chromaticity coordinates corresponding to the emission
peaks of ZnSm-Cycle (Inset: Photograph of ZnSm-Cycle complex powder under 365 nm excitation from a handheld UV lamp)
[ 1. (a) ZnSm-Cycle FIB & F& 5 HIE; (b) ZnSm-Cycle & 5HIEXT R AR CIE & E 4 4RE . (EE: ZnSm-Cycle Bt &
IR AR IEFHFIICAT 365 nm H & FHIEHIE F)

BEJSHRPT T ZnSm-Cycle@PMMA ZRAUIR KIS % LG, TEAH TR 2640 R IIE S B 1 465 PMMA iDL
J& ZnSm-Cycle-X%@PMMA Z+AbE(X = 1. 2. 3. 4, REFAWINRE B0 FR S AL,
2 fire P 2(a) T AR B M0k KN 220 nm ), 407 PMMA S JE ) & 316 TETE 300~450 nm f9%
KL A, 5 ZnSm-Cycle BRI —EHIES . 111 2(b) M AT LAREE BLE J b B RBOR el R B T
PMMA #5 FIRS0E, ULHA P i Th 3B 2% o AN RN A0 2 2 00 1 A0 It R I H AN TR R 9 BB, e
EVITE S HR 1% N2 3%, A5 BEE 4 o7 2 B s g N, 4B B I 4%, R I
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Figure 2. (a) Excitation and emission spectra of pure PMMA film; (b) Excitation and emission spectra of ZnSm-Cycle@PMMA
hybrid films with different mass fractions

2. (a) 4% PMMA BRI & &L ST (b) TRIRESDHEN ZnSm-Cycle@PMMA ZAL IR A& F & STt itk

# ZnSm-Cycle-3%@PMMA ZALIEFEBI A 1.2 x 2.5 cm K/ R, B Hy 47 9% B (e X A 2R i
T M (A BB ARE E, BN 2mL K& FRVENA . BCHIREEAN 1 x 102 mol- L,
T FAL Y, BIRYFER(NB). 2-H3E H 2E(2-NT) 3-AHFEFFZEG-NT) 4-F42E H 4 (4-NT). 2,4,6- =1
FLHZR(TNT). 2,4- R (2,4-DNP) 2-H 52K (2-NP) 3-iHZE R (3-NP). 4-NP DL PA KK
W, RIERIA AL 10 uL STk EREEAT IR . SRIR 4 SR, A[F NACs M7KIEBNT
ZnSm-Cycle-3%@PMMA ZRAIE IR 2 G I 2 M A7 7E 35 22 5o W] 3(a) Bl 3(b)F, FEIIAHiAth NACs
JE AL B0 AN A B E A R, (H2 4-NP BLK PA X T H5% B BN & R KL
N, RS HIEF] T 76.9 F195.9%. iXEH] ZnSm-Cycle-3%@PMMA Z= Ak [ AT LM Ak 22 fil 3 55 AL,
SRR R 4-NP 1 PA. DL ESERBEH], ZnSm-Cycle-3%@PMMA Z& Ak i a] LLIE /K AH R £
4-NP Fl PA 195 18K

IbAh, F% T ZnSm-Cycle-3%@PMMA ZRAGIRAE HoAth NACs fEER 56547 0, DAVEAl 240 I 1R
4-NP A1 PA T THLRE 1. Se 4Lt RIBAE &4 10 pL A NACs K¥EHIK) 2 mL &8 -7/K A 10
uL 4-NP B PA BI7KIEBCRBEATI . TSR KB 1 x 10# mol- L. F 4k, EHL 715 4-NP
N PA AR UL — IR ARSI RE y, AFEX JLE & . 4-F 5K (4-CNB). £
HELK(PCB). EM(CB). ZMI5E(PAH). AL IE(OPAH). Pb?. Cd**LLK Hg?'e M 3(c)~(DH
ATLAEH, BEMEEHAR NACs DL &P T HMAAERITEDL T, ZnSm-Cycle-3%@PMMA Z+{LJE KSR B
FEPEH RN KA 5T 1Y) 4-NP F1 PA.

I RGP K E SIS ZnSm-Cycle-3%@PMMA Z< AL ARG 4-NP A1 PA ) REFEREE, 1
K 4(a), BEFE 4-NP IKEEM 0 BEINE 500 uM, LI 490.0 nm ALF2E GEREE N 5514 BHT 44 1273, 2
JEFRR N 4-NP, ZAL R 5600 B 1 LA R A . B R @ 6P Stern-Volmer(SV) T FETHH Ksv
[8], 45 B 4(b)Far, 24 4-NP IR FEAKT 120 M, gkl 200 B IF 2R ME A e ME(R2 = 0.9821),
AR Ksv {88 11.75 x 103 M1, 4 A LOD = 36/Ksy i 515 H 2L IEXT T 4-NP [ 5 PR (LOD)
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4 0.85 uM (30 2B it 6} Al — 4R BT AT I & 10 YO bR HE 23], THEEUE 36 = 0.01). 258U,
Wik 4c)s K 4(d), 2 PAKEALT 60 uM i, HHZEHLEFRE 2L B LR HEAR G R? = 0.97772), Hl

RIAF RN Ksv HN 17.67 x 103 M, FHRiHL, ZAbEXTF PA BIHAGA N FR(LOD)A 0.57 uM.
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Figure 3. (a) Emission spectra of ZnSm-Cycle-3%@PMMA hybrid film after addition of different NACs aqueous solutions;
(b) Relative fluorescence intensity of hybrid film after NACs addition presented in bar chart; (c) Competitive experimental
results of the hybrid membrane for detecting 4-NP in the presence of other NACs; (d) Competitive experimental results of the
hybrid membrane for detecting 4-NP in the presence of other interfering substances; (¢) Competitive experimental results of
the hybrid membrane for detecting PA in the presence of other NACs; (f) Competitive experimental results of the hybrid
membrane for detecting PA in the presence of other interfering substances.

& 3. (a) IMAAE NACs KB ZnSm-Cycle-3%@PMMA ZR L BEH & 5H5EE; (b) DAHIREIRREIMAARE NACs
IKBERERAIEEITRAIEBE; (o) FHUEEEM NACs BETHRN 4-NP WREFIWER; (d) BUEARMBTIR
MEENFETRN 4-NP WEREIWNER; (o) RUIREHM NACs FE TR PA NEFIWLER; () RMLEE
Hit T EAENEE TR PA NESSHRER

BE S5, I AH R R R 3 LR RS 2 05 B Ak & WD/ R ) 8 NI SO B e S L IRSCRFAE, Wil 5 BT
R, WS PA HIEAMRISOERE S5 ZnSm-Cycle HIMRISOERE I AE 300~450 nm 3 KIGH N AFTER H E S
(EBHIRL 60%), 1M 4-NP B SOGE 5 ZnSm-Cycle FIMR IS 1E N £E 250~400 nm ) 55 Y5 P 55 ZnSm-
Cycle I 22 161l 5 S (E S UL 90%). X2 F RO S RAE AR = F A R K
MUHIPRAE T BT . 4-NP [R5 58 Y0 [ 1 ) 1l B 8 1 3 ZE0a i 5w SR O LR Kk, 1T PA IR
PR B B 1T 3 AR L T R iR A2

K 2 R BB (DFT) 1%, £ B3LYP/6-311G+(d,p)F: 20 197K F L i 3 1 55045 ) Fl A4 A0 0,
NACs HJHTZ5> 14118 LUMO 1 HOMO fe 4. KZ % NACs J&§ T # A [1) LUMO RERACH oL 124K, &
RS Gyt 454k - ZAR(D-A)MH AR 3532 & 2O RO 7, T3 350 6 03 (72 S0 K
w6 fax, S5HA NACs #HEL, PA B LUMO $UEREHAAK(-3.89 eV), 5 H.L [ LUMO ¥UiEREH
(—1.96 eV)ZE(HE N, Frlh HoL FIBUK T35 58 PA 1) LUMO #UBEREHTE:SZ, 1fi 4-NP ] LUMO
HUBRER(—2.49 eV) HZBAK T HoL, #:52 H2L SR T INRE 155 T PA.

gk BATR, 4-NP PLK PA Xt ZnSm-Cycle (197 Y65 K AT LUE BRI TG 15 5 (1 L 5% 7% A e e S IR A
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Figure 4. (a) Fluorescence titration curves of ZnSm-Cycle-3%@PMMA hybrid film with 4-NP (0~500 uM); (b) Linear rela-
tionship between Io/I at 490 nm and 4-NP concentration (0~120 uM) for the hybrid film; (c) Fluorescence titration curves of
the hybrid film with PA (0~500 pM); (d) Linear relationship between Io/I at 490 nm and PA concentration (0~60 uM) for the
hybrid film

4. (a) 4-NP (0~500 uM)%t ZnSm-Cycle-3%@PMMA ZALIRRIEAEER; (b) ZLAE 490 nm & 101 5 4-NP JRE
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Figure 5. UV-vis absorption and excitation spectra of the compound ZnSm-Cycle, along with UV-vis absorption spectra of
nitroaromatic compounds (NACs) aqueous solutions (50 uM)
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Figure 6. HOMO and LUMO energy levels with electron cloud distributions of ligand H,L and nitroaromatic compounds
& 6. Bpik HL FAHEF FIZ/ HOMO F1 LUMO RER KB F RN
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FCHIIGA R o [AISAL B S5 A R 5 't 5t B2 e 1A 2 3] 5 e D T SR A e R A A 24 (1) 7K, i [l ica
FHfY) ZnSm-Cycle-3%@PMMA Z+ALJEATSREARFEXT 4-NP 5 PA IR GE f1. Ta ke iR EoR, %
fRIEM R ZR DT EGAE R 5 AR AT A B R ERE . XU, RAMEAE N DON 2 A% &S
A W AR TIEIAE AR, HAE SRR W (0 B FH PR it 7 B R, £ A BRI T4 R, ZnSm-
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Figure 7. Recycling experiments of ZnSm-Cycle-3%@PMMA hybrid film for repeated detection of 4-NP and (b) PA five times
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