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Abstract

2,6-Dichloro-4-nitroaniline (DCN) is a typical chlorinated nitroaniline herbicide. While it enhances
crop yields, it also poses negative impacts on human health, the environment, ecosystems, and the
economy. Therefore, it is essential to develop a rapid, sensitive, and convenient sensor for detecting
pesticides in the environment. In this study, we selected a strongly blue-green-emitting heterome-
tallic compound and incorporated it into a PMMA hybrid film for the specific detection of DCN. Ad-
ditionally, Rhodamine B was encapsulated within this compound to create a dual-emission compo-
site, thereby enhancing the sensing capability for DCN.
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1. 5|8

RAGHEAN A = T B iR U kA s e = i, (RS BEAE AR T — R A, AR 7™ i
b NS, AEASIREEH AT Ae it BB L B . 2,6- G -4 FEFE i (DON) S — Ffr S R £ SGUA A FE 2
FERBRELH, W T 2 5 REV IR M8 B, D AR = = E i &, {H DCN BARER
BPE. RE AN RAEDBORYE, EMEHS E T Re ik B T RAEMR LRTRZE, IF B FEMR G 24 st
SRIK 2,6- ~EORFRING, — BE N AR E G H SRR, SlEME RENU . % R 5 6L UL EE
RIAET 5[]

B R ERANGRE, PP, %, EHEE., EESRTRehaY, XBbamEs
e R G RE M  me RAE RCFF [ 2] BeRbE 25 1) MOFs ELAG XUR S A0 P 7% 65 1k R Ak 4 A% 3k
FRPE[3]. HAREALEREE MOFs FFLIEE &4 7T 2 P B(RhB)AESE B a2 . MR AT, W7 A 2k
Wi RGN RS S YRl O B B R SR, X R IBE A T HH2EE B LI MOFs 8 il &4 141
TRRAE T8 U S b B AL B2 B /D [4]. 2023 4, Javed Hussain Shah %6 AfE—F#i 8 Zn-MOF &8
A HIHESL(Zn(OAc)2(4-BrIPh) (1,10-phenonthroline) (H>0)]-HO (4-BrIPh = 45 [ 2 — FER) Py R Ao 265 BH 25
TYRLZ S B AL T 2 A% RhB-Zn-MOF [5], I S0 R T 04N KAk - a7 LG . G 4T
AR X S ERATH L EOCBUR N & BN B R AW AT T RIE. 4R ERW, GRS EME
RhB-Zn-MOF A5 XWURSHREYE, AT DB —Fa SR Er, 78 Cr (MDA & & 5 74776 N X Cr (VI)sE
P FEIEAL R, ARy 20.5 ppbe X TAE 9 FF A& HAT XU S H R BUSE = 1) RO AL & a3 it 7 — 291
SERTAT IR

KGR B RERER, B AREE. A8, ASREMEFFHRAmEmN. Kk, FFx—Mn
DAPGHE . R E5E AL R A IR R R 2 R IR L. BT X —ab)FeK, R T —Faets
FEKARAA 2 ksl R 2 DCON 28I ARAL T Hmot Ak i fe .

2. S
2.1. SCWTTE

1) HEERFE: BT ZnSm-Cycle ¥ T# WANIERIMMER T LB OHG, BrLALL LR LBRAE Jydt 3
fIA . 171 20 mL & E 4 50 ppm ) RhB 1) L& LB I 20 mg 7165 [ ZnSm-Cycle, $ii#f2 h
JEHE, 48 h 5, RhB ML OERERBEAZ R, SIED BEEMFER, milf3 2 Ea R ZnSm-
CycleDRhB 5 &Yk A UL LR b W K APk RTE 80°C T EZ T 2h, H#443%] 16.8 mg ZnSm-
CycleoRhB.

2) ZnSm-CycleDRhB@PMMA Z= AV 5 [ i) £ 75 7% HERIFREL PMMA 2.00 g, BT 50 mL B L+,
BN 10 mL 218 L. AEBFE AT T R A a3, BL2°C/min M FHRIE 8T 2 80°C ) b
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B, HZEPRCIR PMMA WEEE. BJE, 723 EL 6 mg ZnSm-CycleoRhB &40k K, 42515080
10 mL LR ZFgrh A3 38l 18 2y i in_Eik PMMA [ QB2 CBREH, dkSiidE 4 h, 1E 80°CHt
IR R B FARTRN) 10%. & HR R ARV IICE 10 x 2.5 cm PBFER BR85S BARTE
o e A R R B AR IAE 2R TRK R 4 b [ B AR B . AR T A AR B AT 9 3] ZnSm-Cy-
cleDRhB@PMMA 444k Ji5 .

2.2. WA SRAE

FIFH Therrno Mattson #2148 iAX LL &2 UV-1800 Shimadzu 4841 7] W23 Y66 B HHE&AIE ZnSm-Cycle 2
) d % RhB, i Hitachi F-7000 % 55 A R 28 AR 1) %€ S A ek g b AT R0 EU 22

3. ZRE5WiE

T %% ZnSm-CycledRhB HHTLLANEAEH 5 ZnSm-Cycle LL % RhB HIZLAMGIE#EAT X b, W1l 1(a)
ffi7n, ZnSm-CycleoRhB ¥} R FILLAM GG, 955 em™ Zb ] JF)JEF RhB ) C-O fi4iiR5), % T RhB (1)
ZLAMEIEF 1003 em ! AL C-O R 4EHR B KA T UL s 3200~3300 em ™! Ak 1 IEFHEL T ZnSm-Cycle
ML AR R AE T — @RISR, TR ETEEYFIIANT RhB SHURE S &M F800, £
2349 em ™ A I 15 RhB AHIE PSS 06 . FRINAS T 3 HT S RhB 1) SR 87 R 48 A i
LAk, i 1(b) Ao, i 560 nm AbWR AR Ak AT DURRE BRAA - LE/R 2 1T 5 ZnSm-Cycle #2% RhB
(P&, H3E 5 RhB KBS 22.7 ppm, @I LLERATAE IR B AR 24K, 20 mg ZnSm-Cycle REfE 334 0.55
mgRhB, f#H N 0.0275 mg/mg [6]. F1%E RhB A J5 I LLAMEHE DL AR SNt L #RIER] T ZnSm-Cycle
REME A 2k 56— & #1) RhB.

(@ (b)1.0
~\_/v-’—\f — before encapsulation
2 © after encapsulation
N 2 S ©
—— RhB e e 0.8
W 8
2 0.6 -
e
2
0.4
<
0.2 , ‘,
—— ZnSm-Cycle — AN
. T i 0.0 . . :
3200 2400 1600 800 450 500 550 600 650
Wavenumber(cm™) Wavelength(nm)

Figure 1. (a) IR spectra of RhB, ZnSm-Cycle, and ZnSm-CycleDRhB; (b) change in UV absorption curve of ethyl acetate
solution of RhB before and after encapsulation

[& 1. (a) RhB.\ ZnSm-Cycle EAX ZnSm-CycleDRhB FIZI5hHiE; (b) THEEHEIGHY RhB B R ZEEA KA L IMR UL h
5 RN

¥ ZnSm-Cycle-3%@PMMA AL BN 1.2 x 2.5 em K/NITE A, 8 7R A 9 L o L6 £ 28 ik
B Astham b A BRARE, BN 2 mL %8 FRIENNT . BEHIKEZEN 1% 102 mol-L-
VNFPAR 27K, BIECEAR(DQA) H HLRE(PQ) IR BE(PFO) FL H B (GPS). 2,4- “ SR A L 1R(2.4-
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D). HEZ(ACO). MELL(DDV)LLK DCN, #RJEHKK A EMLAF AN 10 pL &FhAR 25 1 7K 3 0l
R Wil 2(a) LR E 2(b)FiaR, XA 245 1)K ZnSm-Cycle-3%@PMMA Z: AL I Kk 3R
D HH AR E BB KBS TEZBURVAFAE T, JRAGIE I 5% 0 i P AR AR e BBE A R %, 1l DCN MU XS
FeAb MR I HE R O KN o S A A B B T AR, KA R 25 DON X F 244k B &6 B
AR A TR R KRN, X — R R W% ZnSm-Cycle-3%@PMMA LB XT DCN A 245 H AT 5 51 1)
RABEST, bﬁzﬁfﬂﬁﬁﬁﬁﬂﬁﬁﬁm AR =(1-1/1,)x100% TH5HARZ DCN 3 A& AR K6 1
WPERZEE g, 2 Lo AT 53 AN AR 257K BT J5 A IRAE 490 nm AL R S5, i v 545 31 2%
WIEAE I DCN J5 5GP KRN 75.1% . B HEFIE 15 252 At 43 0 (0 40 2 s S P A% Jok 85 f T
BRI IAEAR, N T ALK BRI DCN FI3 TR T, #ET T 38 AL R . SR
SH SRR A 10 pL HAKR 257K T) 2 mL £ 87K MA 10 pL DCN H/K SRR BT 1), g b
BAAETE T 5 3 W P IR A7 AR B (15 e Y i 43 B 58 AR IR S5 . SR ss Rl 2(0)FiR,
B SR N 1 x 104 mol- L, FEAUH HE RAAFAENT, FAbIETE 490 nm b5 e o (R FFF e
BHE A R FE, TS 2NN DCN J5 4 A6 IR 58 S # B 7 K, Ut B ZnSm-Cycle-3%@PMMA 2446 I X DCN
MR — BB IREE ), A2 AR AR R T PR
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Figure 2. (a) Comparative emission spectra of ZnSm-Cycle-3%@PMMA hybrid film upon addition of different pesticides; (b)
Bar chart representation of relative fluorescence intensity changes of the hybrid film after pesticide addition; (c) Competitive
sensing experiments for DCN detection by the hybrid film in the presence of various pesticides

B 2. () MATREIRZGE ZnSm-Cycle-3%@PMMA FALIRHIL ST HIELLEL; (b) MARRIRAZRUEBR FIRE
HIFEREIRT; (o) RUREFRIRAFE TN DCN R FE RS

NEG#% % ZnSm-Cycle-3%@PMMA Z<ALiEXT DCN IR R B, TFRE T R OEHE K e 5Ly, 45
Rl 3a)fiR, B DCN WRERIIIIN, Al B IHTA6 5 0m B 2 B0 S 7 B R P PR K. 24 DCN
%zfc?iﬁu 500 puM B, P B R K7 s S 5 BE AR 2 2 1] 75.1% . 24 DCN IR BETE 0~150 pM IR A2
X[a]}, JEId Stern-Volmer (S-V) i REit — B THEREHE K HE L 1,/1 =K, [M]+1 [7], 3\ Io52¢ ZnSm-
Cycle—3%@PMMA FACTE I HIUE R EERE, T2 INASF & DCN Ja5 4L & 658, [M]/2 DCN B8
IRIKFE, Koy K E R WRAEE 3(b)f Stern-Volmer Mi£E /0 Hr 4 1, AEMIKFEX AN, HIGG 7% e E 5
WEK J 9 5 LUAB (To/D) 5 DCN BEJRIK FE[ M) 2 18] 0 R A 2GR, Ko fH N 13.01x 103M 1. ith4h, A
X LOD =30/K,, (LOD &t Hrpik i, o2 10 N2 35O RbsHEZ, Ko 1,/1-[M]4%
PR RN A LU T ZnSm-Cycle-3%@PMMA Z AL IR 51 DCN BRI, 545 3 2 AL )T
DCN ) LOD 4 0.97 uM, H itk ZnSm-Cycle-3%@PMMA ZAL % 4 25 DCN & I B I AL P g o

N TR DCN X ZnSm-Cycle-3%@PMMA Z A 15 2 6 (17 i AL [8], 7 S2i@ ik X)L & b fe 24
5 ZnSm-Cycle 8 #MRUS 128 LA K2 ZnSm-Cycle HIBUR s - anlE] 4 fios, WA i aT LLE # ZnSm-
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Cycle HI5 MR ZELE 300~400 nm JEHE A )R 4MR U2 5 DCN FPR st A 5 B R EE,
M5 oAl A 25 () SR AR i 2k B S 3R D s WA & . U DCN Xf T ZnSm-Cycle %6 1 K A] LA
HE TR E TR 53 4h ZnSm-Cycle MU IG5 BT R 25 1R IR R # L% A =S, HERR T
DCN 5 ZnSm-Cycle &4 %R AE B AT HE .
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Figure 3. (a) Fluorescence titration profiles of ZnSm-Cycle-3%@PMMA hybrid film upon incremental addition of DCN
(0~500 uM); (b) Linear correlation between /o// ratio of the hybrid film and DCN concentration (0~150 pM)
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Figure 4. UV-vis absorption and excitation spectra of compound ZnSm-Cycle, together with UV-vis absorption spectra of
pesticide aqueous solutions (50 pM)

& 4. (LEH ZnSm-Cycle HYRIMNRUFNE &L S R R AKRR(S0 MBI ZEIMRITLTE

Gi4h, GBS LGS — AR RE B SOGTE KL, 38 R (% B B BR)DFT SRR K
S5 23 AT LUMO F1 HOMO #1UIE RE SR AT 73 4. Wilsl 5 B, {81 Gaussian 16 B FHFEFT, &
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i LUMO 1 HOMO REZ #4715 . S 40, X F ZnSm-Cycle LUMO Al HOMO #1368 2% 1 i1 52 ) 2

DOI: 10.12677/aac.2025.152026 271 TR


https://doi.org/10.12677/aac.2025.152026

HHL ZnSm-Cycle @251 RHEELN L2, BRI G5 T8 BB & 0 R R — 80 I A it 7 28
For A P A I O HoL DME T AT vHE . tH RS R Wl 5 Bis, HoL (1 LUMO #1 HOMO #UiE R& 2% (1)
ML 2 Y 0 AR AR AR IR KA 0 i 5 43 (RIS o] LB 2052 2] DCN 1) LUMO #1LE BEZK(—3.08 eV)ik
THCAR HoL 1) LUMO $UE REZ(—1.96 V), I, £ 615 I AT T, #BUR 1Y HL 723 A HoL /) LUMO
B RE R ) DCN 1 LUMO B RS, S5 ZnSm-Cycle HIAERRE VK, 72 A 98 6 KL A .
Fii AL DCN X ECA%) ZnSm-Cycle &6 KALHI T LIE B T R & 56 G LG 7 5 f - R (1 1
EE(EER

. 9@ 2%
LUMO ° “0,:’ o ..
04 A% gg‘ﬂ ”ooO o —0.47ev ’;
°

&
3 0.76ev %‘
14 > - S =
—1.96ev @ 1.52ev .
S -2 -2.19ev
A -3.08ev
T 31
3
- -4 1
>
2.5
[+']
c -] —6.09ev —6.24ev
-6 = u
w —6.48ev —6.51ev —6.89ev —6.59ev
T e ® ad o T . samm . e —_—
o m e g < ; n‘ Z797ev  _g29ev .
IRk DR S 8
94 ° o S 5 . 2 .‘ !:
)

HOMO

‘. “ 9 >
2% 1P
H,L DCN 24-D PFO GPS DDV DQA PQ ACO

Figure 5. HOMO-LUMO energy levels and electron cloud distributions of ligand HzL and eight pesticides
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Figure 6. Fluorescence lifetime decay curves of ZnSm-Cycle before (a) and after (b) DCN detection
6. ZnSm-Cycle ¥ DCN #1i(a)/5 (b)HIZE e E iy R BiZk
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i 2. Al 6 P, RO S St 2 n] DA AR df IR R HUd R, ZnSm-Cycle £l DCN
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RATRFPE, 43 AITE 450~500 nm LA 560~620 nm 6 P9 H L T AN SR BEAS R R 606 . 5] 7(b)9 ZnSm-
CycleDRhB@PMMA ZALJEXT RL[) CIE A AAARIE, BARAEE ARG, THEM B AR N(0.3507,
0.3637), AT Xk,

(a) (b)
0.9
> 10000 ZnSm-Cycle © RhB@PMMA Ex o0 N
:‘u;; ZnSm-Cycle ©RhB@PMMA E 0.8
: |
[ 0.7+
g 8000 -
[} 0.6
Q
C 500
3 6000 - 0.5
] y
g 0.4
£ 4000- 03
-l
B 2000 o
& | Based on ZnSm-Cycle Based on RhB '
T T T T T 0.0 - S T T T T T J
350 400 450 500 550 600 650 - - - - - - - -7 08

Wavelength(nm)

Figure 7. (a) Excitation and emission spectra of the ZnSm-CycleDRhB@PMMA hybrid film; (b) Corresponding CIE chro-
maticity coordinates for the emission spectrum of the hybrid film

[& 7. (a) ZnSm-CycleDRhB@PMMA ZALIRAIM L A& FAIEE; (b) RUBELFAIEITN AR CIE & E 4LHRE

X ZnSm-CycleDRhB@PMMA Z& 4L DCN Bl b AT 1 & 6 R K 2 5% . 1% 8(a), B% DCN
WREEM 0 BEANZE 300 pM, 2R A0 JEE I 1 A i St W ) S D B B2 R M BAAIG, - L 473.0 nm AR PRI AR R 5 6 5
FELT 576.0 nm Kb (A AF X 5 i PR TG BE IR . 2 J5 PR I DCN,, - 2 b JIEE 0 20 e 3 P LF- AN i R AR AR
b Bifi 5 IEHY 476.0 nm &b AR S8 E R AR I LA, @I 2k Stern-Volmer (SV) 7 FEIFE K, » 115
g 8(b)Fn, 4 DON IR T 120 uM B, R4l & 2L R AR MEAH SCPE(R? = 0.9942), AHE
1 K, 165 2.521 x 104 M!, R A LOD =36/K,, iT5H A3 H ZnSm-CycleDRAB@PMMA 24k st -
DCN [ i (A FR(LOD) A 0.40 uM . i idisk P2 i F 42 AL B 52 DCN 1) Stern-Volmer HHZETE 120 uM
JEWEHES %7, K I ZnSm-Cycle-3%@PMMA &AL Stern-Volmer 2R AR 22 1430 73 R AR T 28
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Figure 8. (a) Fluorescence titration profiles of ZnSm-CycleDRhB@PMMA hybrid film with DCN (0~250 uM); (b) Linear
correlation between /o// at 473 nm and DCN concentration (0~300 uM) for the hybrid film
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