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Abstract: A two-dimensional coordination polymer CP 1 with a double-intercalated structure was syn-
thesized by zwitterionic organic ligand 4-carboxy-1-(3-carboxybenzyl)pyridine-1-onium chloride, 1,2-
bis (pyridin-4-yl) ethene, NaOH and Zn*" under solvothermal conditions. The structure of the CP 1 was
characterized by the single-crystal X-ray structure, powder diffraction spectrum and thermal stability
analysis. Its application potential in the field of fluorescence sensing materials was investigated by the
solid fluorescence and liquid fluorescence analysis. Results show that CP 1 can identify aristolochic
acid A by fluorescence quenching. In the low concentration range of 5.0 ~ 35.0 wmol/L, the quenching

efficiency is linearly related to the concentration of aristolochic acid A, the detection limit was 0.022
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pmol/L. The interaction time of CP 1 and aristolochic acid A is 60 s, and CP 1 can keep the structure

stable in five cycles. The prepared CP 1 has good fluorescence properties, and has sensitive, rapid and

recyclable fluorescence sensing performance for aristolochic acid A in ethanol, and it can be used as a

fluorescence sensor to detect low concentration of aristolochic acid A.

Key words: coordination polymer; zwitterionic ligand; aristolochic acid A; fluorescent sensing material;

fluorescence detection
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ML PR AT I Tk, SO RAR LR
ML C IR B W2 BT T, BokiZ
M58 3 TH 06 SO -0 & RE A% 2 A I 245 ) %)
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MR L

4 J@ A P AL B 5 W) B KE(CPs, coordination
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¥R 2.65 g(77#8:90.2%) . IR FZHHE (KBrJE v,
vem™): 3433(m), 3042(m), 2832(m), 1945(w),
1725(s), 1687(s), 1460(m), 1386(m), 1318(m),
1296(m), 1120(m), 926(w), 738(m), 681(w). AL
& H,LCLA & B £ an i 1 s .

COOH
X
2movLHCl |,
0 —  N%-

ci
K©/COOH

H,LCl

1 FcdR HLLCI & i i 4 an A
Fig. 1 Synthesis route of H,LCI ligand

1.3 BELEEW[Zn(L) (dpe) (OH)]-3H,0 (BE&
1) B F &

FREL Zn (NO,) ,-6H,0 (0.029 7 g, 0.1 mmol) .
H,LCI A4 (0.014 7 g, 0.05 mmol) . dpe(0.009 2 g,
0.05 mmol) . NaOH [#{£(0.004 0 g, 0.1 mmol) & F
15 mL B, A2 mL Z B L) K 5 mL B 4fiK
R T ERE 30 min, RIS OV AL E 1S mL Y
R MK A A, 120 °C F/RIV 72 h, 1
JE LA S °C/h IR R B B, MBI AW 1L
PR AR, 75N 27.6% (3T HLCLEC K ),
57 F X CH,N;OZn ., JTCE /AT FIE T RAH (%)
C 5432, H4.73, N 7.31; L {E (%) : C 53.76,
H4.75, N 7.21, IR £ 44 (KBr &/, vem™) -
3424(m), 1612(s), 1384(s), 1069(w), 1027
(w), 832(w), 763(w), 551(w).
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nm) VE R ARSI, SR 0-20 $14# 7 2RISR AT 5 A
Kfh S5, A B 2 ad WsoRs 1E AR U
K FH Olex2 1.3 4k fF 71 /) SHELXL-2018/3 F2 ¥ 1 i)
L X AT R AT iR BT . R 2B B /D
Ik FPRHAER R TS W RS, SR
A7 B S N A A Fourier 457458 . i FECA& W+
FEAETRIF 43§, PLATON 111 SQUEEZE it

LWL LR BRI ST mEREWN 5
TG AL T . TTR BT B AR 25
ERE] FAY 1SR BEE S B OR SS H A 1540
TWFEL, EEMERK . BMALE2. AV
CCDC 52170341,
1.5 BRLTHRREENE

T ARE SR A I, FRAT R R A AL TR
Y 1a9k G, JFEZE TR T R H] Rigaku Dmax-2500
U AR ATEHL, 16 5° ~ 50° 19 518 T W 4 45 ke
R R AT 5T (PXRD) B . MARFEL AW 1A EHE
WA EME, it Netzsch STA-449C #2573 1%
RS ST, 7825 ~ 800 °CIEFI N LA 10 °C /
min B ANAGHCR IR TS Y0 1 e R EUE . 51l
RS e S B AR E P, K 10 mg BF
AT 0 1R AR MR ZE 10 mL JEK B,
HEE 10 min JE B S IR B, WG EER TR
W3 dEHE, ARET, WHERE RS AY
119 PXRD $df .
1.6 WHERDIELREANE
1.6.1 MFBRLAEALRLRA 530K S mg
F 40 (4 TC A5 40 1B A MBI ZE 10 mL oK & B
Hr, 10 min 5 2R A A5 IR B S )
A3 50.0 pmol/L (1) B Y044 J& A8 9 b i LI 1k
Y, YRR R A (aristolochic acid A) |, B-4F £
li (B-sitosterol) . A == fEf# (magnoflorine) . JREER
(allantoin) & I 411 45 i (aristolone) , # /5 min IR
5], FEER . 400 VHL R, B24% 10.0 nmx10.0 nm ,
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Table 1 Crystallographic and refinement data for complex 1

EiEgan [IEX7B
X C,.H,,N,0,Zn
AHXT 53 BT ek 574. 90
b Triclinic
23 [u) T P-1
a/nm 0.996 15(8)
b/nm 1. 113 72(9)
c/nm 1. 496 28(12)
a/(°) 106. 841 0(10)
pI(°) 99.5100(10)
7/(°) 108. 185 0(10)
{KFL Vimm® 1.448 6(2)
ml AL & A Z 2
BRI B %/ (g-em™) 1. 194
W% 22 4 p/mm™ 0. 883
ﬁn%ﬁi%ﬂ&;ﬁ%ﬁ%ﬂn% 178 134
ST AT SR R A 6373 [R,=0.0259]
B A EVEl 35 N
o S 1.218
RSt R1E [1>26()] R, =0.0809, wR,=0.1979
L FRAT I S R H R,=0.0836, wR,=0.1990

Aew= 325 nm [ S5 F TN SRARAH N AW A S R S
i, DI SRELA YR S e e A e B . M
J, B2 0310 mL L A9 1-L BB, — 0y
A B YL TR A SN HABRE TR B, 55— ImA
P W s ot , 2590 Sk B 35 50.0 pmol/L,
FEALEES min, WZER G, BEREAY 1K
T S SRR R A BT T4 -

1.6.2 Z#EMZ  WMEEY1- BRI
A [R] e B (5.0 ~ 60.0 pmol/L) () By ¥R 44T A, %
LI, U5 S R A Yk FE X E
Y11 DGR RYSEIR , DL C A R I SR AL i A

1) R .

1.6.3 mmikEmE  [mEAEY1-LBHRE R T
JIA 50.0 pmol/L 1) Eh SRR A, A5 AN [A] s ] (20
~300 ) J5 REEZIE R GEIE, USRI AW 1K
N SRR TR AP T ] T R

1.6.4 TEHLEAE WA EY 1-LERE
WA 50.0 pmol/L B YU TR A 1l J5 19 %< 6 & 316
T PR AT AR E, oK SEEVE S (10
mL/AK), MHARE TG, EE LREE, HES
Wo LS AFFR I P LA 9 1- L TR B AN
YA TR A@BC &Y 1- L FEIR B Ot E AR 1k,
FEXHIE PR 56 5 1 B A 40 1 RE &L 54T PXRD
W, SR S IR X L, B EA Y
PN I SRAL TR A (T EE A .

2 GRS

2.1 BALEREW[Zn(L) (dpe) (OH)]-3H,0 (BE&H

1) RIEE

Hin XA TR, SRS Y 1456 T
“RMRRR P-1 MR, H 1D TTEmE T
A Zn(IDEF . ISR 1A 00 far 19 LG
1A, 2- (M iE-4-35) 20K (dpe) o 1 ANELAY
OH B F M 3 MiF 5 /K 43 F (K 2a) . LG 114
A48 Zn (1D HH R B 6 FR Az X 50k B 24>
LEAAR 3N O T (01,02 F104A) . 11 OH &
T O J5F (05) L K 24~ dpe B A4 () 2 4~ N 5
(N1 F1N2) & £ 16 50 1 A28 1\ I Ak # 28 AY
[ZnON, | A 5T (F 2a) . MHABAY[ZnO,N, | FEA
Mot la) Seim it dpe 4, B — A (1 V1 i
—YE e Hod Zne--Zn (8] (9B 254 1.343 nm
(B 2b) . [RIEF, FHABHE M) 4 JE o [a] X AkSzm o h
24 Zn (1) B+ F1 24 S 1] L BCAR A 1A {1 Zn, (L) ,
WOREEH (Zn---Zn (B HE B0 1.270 nm, & 2b) %
e, JERUT BCAY 1A 4 R FLIM 28 4546 (J- 2b Fil
2¢). TERCAY L, LoBC AR W A 2 R AR 40 ) oK
WAFE RS &8 hooEsE, HPhaReg

2 AW RIS AR A
Table 2 Selected bond lengths and angles of complex 1

flaf At K/ nm i /()
Zn(1)—N(1) 0.2092(4) N(1)—Zn(1)—0(1) 95.3(3)
Zn(1)—0(1) 0.2151(8) N(1)—Zn(1)—0(2) 152. 8(2)
Zn(1)—0(2) 0.2349(9) 0(1)—2Zn(1)—0(2) 57.7(3)
Zn(1)—0(5) 0.2215(5) 0(1)—Zn(1)—0(5) 87.9(3)
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-COOR 2 XK 25 w-n'n' AL X S 5 BCA,
T I BE PR -COO SR FH A 2 B D AFF 1B ' O
Zn(ID)EH (K 2a) . i, ECAD 1R 48K
2 B3 { Zn, (L), | ARG A B 2845, 2B 1
> 2D+2D—2D ) AR A 4k 45 454 (8] 2¢) o
eJa, AHAB 4k T B E A M A AH B T HERR,
TERCEL A4 1) = 4E 14544 (K 2¢) .
2.2 MEROTHRBEMMR

PXRD 253 (# 3a) 7, BECEY 18 Al B S50
PXRD fi7 5 06 {37 15 308 3 T A S A A 00 400 g e £
EUCHC R A, HOR M BAR AT S0, R PTREC
YRR R AR T, HAi R,
A PR R, R (TGA) SR E 3b s, B

(a) AR FRETTHI LK

AW 80 % 176 CCH R LA, HXFhF
Bl & W 3 N 25 K o3 F 32 I 2R 2 (w, SESGAE
9.73%, PRI EH : 9.40%) . M 200 Z 300 °C & 4
S mE e, HX R T RS Y TR A OH B 7
ZI K L (w, L (H :2.92%, PG I -
2.96%). 360 °CJ5, FLEYI1KESRIKTEAL,
FBCA Y B ARSI R T HR A HLECARTT 6 & A= 4y
fif, 800 °C K JH /5 E FF S &) 4y ZnO ML A
¥, UL B2 BoREC A Y 1 AR AR E .
B 2 S A 1109 PXRD 3048 fon . H PXRD
AT S DA A7 55 R ot S S 3 ) e 37 T 0 AR
A, BRI e, BLHA CEARIRIE
Bl &0 1 S5 AR R A e (1 3a) .

() kLSRG I B = 4 o 5 M) (R 4L A

F2 BAY 1 RER R R

Fig. 2 Structure of complex 1
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X E A 1 M AR HLLCLZ IR T 09 [ A28

Tk, SEIWE 4 FrRgs R, Bk HLCIE K
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=
& ST A B ECAAR dpe 78 % K O 330 nm UL G B 200+
BIFEFIT . 75 353 nm db A i 96 6 & 506, Bk i
B2 G AT U PR T BE AR R Y ¥ -n B k- HL R 1004
iFo BEAYTE32S nm PR SCMIPERTT , 1F 443 i
nm b A RO K ST WX, BCA W1 300 350 400 450 500

TN K B S B HLLCL B, 58 6 g 25 4
g, [HEAE T RS R . 28t B 3 s T 1
T4 Jm 5EARE A, ARRNIERE S, Jf
HL 3 o Je R S vk 2> T sE Y #2k (Wang et al.,
2022) . &S RS BT UE PR BC AR S5 AR ]
HECAR S 48 B F T4 # (Wei et al., 2014) . H
U AT ULHC A0 15 S AE AR RO AT R AN
2.4 UORERD ISR ATERE

2.4 1 BMBHRAERLRALRA WK SafixR,
JIA 50 pmol/L AN [ £h Y44 Ja Al 4 v i) i DA 27 B
SyIa, BEA Y 1- LB TR 468 nm Ab Y 5¢ 5 35
AR 855 o Horp T YL TR A BERCRRRIE Y
PERBLA Y 1- LB MR oG, A i 5%
M/ o AR A QE = [(4, - D/, ] x 100% (K
LT 53500 R A B SR8 T A ) AN R Ak 22 1 23 1T s
BEA ) 1- CFE R MO A 9 G B ) AT 15 Eh Al
iR A D¢ EHE K #(QE) ik 81.17%, i HA IS 4 i

A/nm
B4 EATCRE

Fig.4 The solid state luminescent spectrum

B-7F WL, JRFEZE | A L0 LI K 5 YA T Y QE
E43 5314 6.01%., 2.13%. 7.74% F11.39%.

H T TP E R I ) JOAS TR A Y S50 45 ]
DEMEEASRAIRANEL T, Hurxy
Jo TR B W AW SR 55 T LA 0 1- £ B R L 28
HRE . —HINASYARA, BEY1-LEE
W 5 SRR R B K (K 5b), H QEfH K
82.91%, 55k BEPEAS I A 56 b 4l 2 YR AR R A 11 A
ZARK, UEIHEC A1 R A A A 5T W R AT AE
F, A S AR R A B AU, HERE AT
TF 5T 11 T SR A8 T AE ) b2 R 3R b e Tl A I
PR A, HPt Tt
2,42 RREBRDREABRANZIHE RHiE—F
PRETC AW 1R E SR R A () RAHE, FRATm e
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0+ T T T
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GW1- BRI AT AN [\ Mk B (5.0 ~ 60.0 el(umol-L-

pmol/L) iy Zh Y4 R A, I I SRS A5 21 11
YE R AL bR, T YRS iR A W 1R 0 R Ak AR AR &1 DL
W Ok B S5 o B W G &R o AFoE &8, Bl
B YR AVREER I, BLA Y 1- O BRI
PR AR WA (1 6a) . WNIE 6b BT/, 7E5.0 ~
35.0 pmol/L LM FEYE Rl Y, YRR A I 2SI
KB ZF54 Stern-Volmer ZePEHLS A5, B
I/JI=K,x[M]+1,
KA LA BRI SRR AR LAY 1-4
P2 P VR SR, K, PR KRR, (MR
AR TR A VR ) o G, PRRKE K E
4 6.796 x 10* L/mol (R*=0.9958) ., 3T 1041551
FEM B, AREARK
LOD =30/ K,, ,
K o R R bR A 22, T A 1 AR
FUES TR A (AR BR (LOD) 247 0.022 pmol/L, P 125
W25 AR BC G W 1 B B 9O RS YL TR A
FIRE ST, ELAGI 7 MU e
2.4.3 L ihir Adyitak i HIE 7Ta iR,
Lh YRR TR A TERC A 1- C BB o v | 75 30 s i),
Be A 1- 2 Pt 8 O ) 5 B AT TR, (H A

Ko HLAY 19k o SRR A ) REUZHTS
Fig. 6 Study on the sensitivity of complex 1 detection of

aristolochic acid A
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Je DT B T 51 LA i S5 0 e R i P D TR R e 7
A, SR P RS Y 1 SR IR
S SRR IR ABUR, OREF TR e P, it
BCA 0 VAE OGRS B SR R A B ELAT mI i R R
(T BETE -
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Fig. 7 Study on the rapidity and repeatability of complex 1

detection of aristolochic acid A
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