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Abstract

In this work, a fluorescent probe of levofloxacin (LFLX)-Eu3* complex regulated by sodium dode-
cylbenzenesulfonate (SDBS) was developed for the sensitive and selective detection of phosphate
(Pi). SDBS with low concentration significantly enhanced the characteristic fluorescence of Eu3+
and quenched the fluorescence of LFLX by promoting the energy transfer of LFLX to Eu3*. Since
Eu3+ has stronger coordination with the oxygen-donor atoms of Pi, the addition of Pi can hinder
the energy transfer of LFLX to Eu3+, resulting in the quenching of Eu3+ fluorescence and the recov-
ery of LFLX fluorescence simultaneously. Based on the dual fluorescence signals, the fluorescent
probe can achieve the detection of Pi in the range of 0.1~25 pM, and a detection limit of 0.027 pM
was obtained. This probe exhibited a good specific fluorescence response to Pi. In addition, the
fluorescence color change of the probe caused by Pi can be used for naked-eye visual analysis of
Pi. This fluorescent probe not only provides a new method for the determination of total phos-
phorus in environmental water samples, but also provides a new strategy for the fabrication of
fluorescent probes based on energy transfer mechanism.
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1. 518

MRKAEAZ RGN F, PR (P& B~ MEENAES@REIEIR, EEMRG T RIS £ R EEK
PERT . R, Dok RV AIAE BOK B Eh i B AR KSR G, S5IKIEEE TR,
DIKPRIEARAE, ETT SBOUKBUGAL[L] [2]0 Bk, 1R 25 500 DR BE RIS 9K A HLYS e i — R
Y, Biln, v EMERKIASE R EARHE D TR, Horh | SROKOK B SRS B (TP) /£ 0.02 ppm AR, Al
Ue, PR, PR, ATEE. QPP A RIS, S KRt R #h (1) R BSE PRI B A R .

HETCA @ 72 H TR EA 7%, ntb ik, ALk, SO Bak, At ke
TEIEIRAEF[3] [4] [5] [6]. & T-MiEEH I 2% 5 (4 U s AR G2 R RE ARG I 7K A5 rh R v PR IR ok PO o
Jiiks AHRZINE S R PIRERER ITI0,  Behh, 207k 1 RN 0.01 ppm, AN BE 2 XS TR LR
KA R K A IR o IR, SO IRIT IR R H M S P . R . R AR A AL A A T
F R RIET] [8]. HiRIRIE T RITTRIVEOCMEL BT HERIHIL . Ky ediar. TRt
R M 255 e, BB TE R AT AT AE[9] [10] [11]. HETCIFK 7 2R EE T3 R IT R VOLRIBER
HARIETTE . ARG ITT I, AR T BRI 0 AU T 4 T DA E A R R T RE
Fett, 2Em T EE R BT IVOCREK, SCHLBERR ERNIE [12] [13] [14] [15] [16]. #RTD, IX4Ew]A XL
i L ICER R HINHRBC A Z A IR, SOR PR R SO RNt P R fg . Bk, XL i)
HA BRI, A AR A R, RItt, SR ITF AR . BRIg 8 2 56 1% & sig H1 T
PR ERASIN -

FEXTUTAR P, J:F 1 e e R R4 (SDBS) (2 HE I R B B I AT R 17 /6 D J (LFLX)-Eu®™
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Scheme 1. Schematic illustration of the strategy for the detection of phosphate based on energy transfer mechanism (ET)
from LFLX to Eu®* induced by SDBS
775 1. EF SDBS 5li#2 LFLX-Eu* RIEE B4 (ET) ML A T ABR AR A&

2. SEWERSY
2.1. SCERIA S

SIS AT B AT A R B D Al . A S RYD R (LFLX) . AN7K A IR £ (Eu(NOg)s6H,0) 1
e L R il R BN (SDBS) A B iR B (NasPO,) M B L Fi $ T A= AR AR . PUIR MR . H R &
((NH4)6M070,4-4H,0) P9 41 22 (C4H,KO7Sb-0.5H,0) . HRFR(H,SO4) F A MANFN =2 HI B S L 5 (Tris)
e E E 2R R A IR AT . FAMM TSR 820 ¥ tra, T E E 2L RS0 A IR A
H) o 2B 258 K (18.25 MQ-cm) H UPK/UPT 17K 2 G5l %

FES I B F-7000 %G (H L, HAR)ATIE, BOREIE AT, BOR R S ks
9 5nm, JGHLEIE RN 400 V. BTA pH & A7E FE28 FRifk pH it (Mettler Toledo, Switzerland)_t i3
7o
2.2. WHIRSHOIE R X BRI AN E B 5% 148

7E 5.0 mL (LB o, AR —E =AW R EW: 200 uL 1 Tris-HCI 80P (1 x 107° mol-L ™,
pH =8.0).160 pL ) LFLX & (2 x 107> mol-L ). 160 pL Y Eu* V(2 x 10°° mol-L %) 12000 uL ¥ SDBS
W5 x 10 mol-L ™), W% LFLX-Eu* L &7 iR Er

FAREF T 2B 0 pM. 0.1 pM. 0.2 pM. 0.5 uM. 1.0 M. 2.0 uM. 5.0 pM. 10 pM. 15 pM. 20
uM. 25 uM 1) Pi, B ZEEF/RKERE 4.0 mL. FEMREIS) GRS TR E RN 20 min, &5 H
PEICTEIEANAERR Ky 285 nm, IR REE RS B8 5 nm ZA4F T, KU E &4 5 7E 350~680 nm
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WIS . BL 450 nm Ab IR Y6 BEAELE N Pi IR FEIIER S, AT Pi e & 00T . RIS,
FAHABFTRERI TR AR Pi, SR FAHE 09I 8 77 iR AT A TR, R T ERED X Pi IR HE M .
2.3. SEPRHE ST IR K B B RE

IKBERAE: TKFE 3R [ R 30 T Y I R /K R A 8 T K

IKFETIALER: HCRAE/KEE 25 mL T 50 mL #EEH, I 3 mL iRAEERFIECRI A7, REAIZ Ja1Erd
P RS A 10 mLs WK FEISRTER, BN 2 mL IRASER RS2, B E/KFFARTIE B, 4k
GMAOKFESIE T AEE M 10 mL 4K IEAEAY), 31 F NaOH ¥ ¥%(1.0 mol-L ™) /KFE pH £
P, ek R Z 25 mL thEEd, HEaiKER S 25 mL.

AKBENSE ;1A S ERE PN — 2 E T EKFERE &, RS IR B R e i f2, 4
PrRE S R S . AN, SR R o A R B 43 e B T KR sl B AT I

3. XBERSITIR
3.1. RAIREHHIAGE B3 B ER EL A AR AL
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Figure 1. Fluorescence spectra of LFLX, LFLX + Eu*, LFLX + Eu® + Pi, LFLX + Eu®" + SDBS, LFLX + Eu®" + SDBS +
Pi. Theinset is the corresponding fluorescence color images under 365 nm UV lamp. LFLX: 20 uM, Eu®": 20 uM, SDBS:
500 uM, Pi: 10 uM, Tris-HCI buffer: 50 mM (pH = 8.0), Alex = 285 nm

[E 1. LFLX. LFLX +Eu®, LFLX + Eu® + Piy LFLX + Eu* + SDBS. LFLX + Eu® + SDBS + Pi B E . A

E B 28R 365 nm ESMT THITEE & El . LFLX: 20 pM, Eu®": 20 uM, SDBS: 500 uM, Pi: 25 pM, Tris-HCI
buffer: 50 mM (pH = 8.0), Alex =285nm

AR IBAR R FOCRAE R EHE WA 1 fR. HzObeiE (& 1) LAVE H, 78 SDBS I Z /i,
LFLX 7E 450 nm 4b HAG 5 35 B 20 (05 099, 24 B NS LFLX VAT, LFLX 9658 B K,
KAEHT LFLX-EU ARG, LFLX [ BV HHT T REE R . SR, Eu1E 615 nm Ab¥BH & HidE
EE, BEHA LFLX A Eu* (I RE R RS 155, ANREA Bufk Eu® Rt 1R LFLX-Eu* kR Pi J5,
M1 Eu* SRR AR T B SR RER, IS T LFLX $] EC AR TRE, S8 LFLX
I3 e [17] [18] .

R UL, R THIE M A R U R B SR AR E (CMC) I, BT LA R Hb SO Ak R oA 8%, kb
oy TR R AR R SRR AR, BT AR S R IR VR N UL IR T ek R, Ak, R
BRI R I m AR RO TR R T P23 [19]. MR G M SDBS MIAF] LFLX-Eu* /A REF, LFLX
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WA %

(7 e B K, EUPFE 615 nm AbFIRRIE S e B e, H LFLX-Eu** 1k KU 6t i 5 (A8 N4
(1 RE A )X E W] SDBS ] LUERE LFLX [f] Eu® [ REBRHE RS, 31X 2% I T 2R 1 5 74 F (10— i
BRI Hl6 SDBS PN LFLX-EU* A RPN — & BB G, LFLX 56 N HEAKE, Eu®
(RIRRAE ¢ 6 5 25 PR, X AT RE2 f T SDBS {2 i Eu SRR rh &R T I45 &, FEMT T LFLX A Eu’*
MIfe R . IR Pi 5IEER LFLX 1 EU e 5 5284k, AT ASEEL Pi 58 ek, thah, wr
FEEAMT BES P ARAR WL EE LFLX-EU® BE &40k R I N BERRAR AT 5 A5 e (A8 Ak, 8 %98 e 444T AT H
T Pi [ AT LA .

3.2. WARSHAB RIZBFHMAL

KGR Pi BT RS ) LFLX-Eu® 5 etk Er, WA R LFLX Al Eu® A4 R (LFLX/
Eu®). SDBS K. pH LA AZIEN ST Pi fmi S i 7] 25 5256 26 EEAT 1 A4

3.2.1. LFLX jREBH L

1E LFLX-EU 564t LFLX A1 Eu* (2 A b (LFLX/EUY) AT B 32 R M2 e 1 RO 48]
2 fiiR, 1E EUSHREE A 20 pM I, /9T T A [E LFLX/ EuSHEXHZARELE NN Pi BTG 72 Y66 1E (R sm . 76
TN P 20T, HREMARP LFLX RHER 659, FidE LFLX MIXHREER N, Humdig g, H Eu®
BA BRI DO6(E 2(A)). TN Pi 25, BT Pi 5 BV IR ZS &, LFLX 26K E (5 2(B)); 24
LFLX/ BV 1:1, BRI LFLX WA 20.0 pM I, LFLX (565K 2 oy 22 (& 2(C)), H Eu*#%
e B F VR, UL S ARET X Pi B R e N Rk, 4 LFLX/ Eu® 4Rl 1:1 31798
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Figure 2. Effect of LFLX/Eu®" on fluorescence spectra of the fluorescent probe before (A) and after (B) addition of 25 uM
Pi, respectively. (C) Effect of LFLX/Eu®" on fluorescence intensity of LFLX before and after addition of Pi

2. LFLX/EU* S5 4REH AE I 25 uMPi BT(A) 5 (B)BIZE AR ; (C) LFLX/EU® SHREFFEM Pi BT/E 89 LFLX
KA TR R

3.2.2. SDBS JREFRILIL

RIEPEF PR BRI G AR R TR . (R, A TAERIRTE M SDBS FHAEE
SR TARENIOROCHREE, TR N R AL LFLX (7] B RERILRS, i Eu® 9,
FHAE LFLX 556K, f kA B EUS R AE 96 6 1 LFLX-EU® B & 909 e 184t . SDBS ¥ B 4f LFLX-Eu®
PREMA RPN I R g5 SR ] 3 fios. 55K W, 24 SDBS ¥kFEA 1.0 x 107" mol-L™ i, LFLX [7]
Eu® [ BE B A MR B, EUS™ R O 3 i a2 35 (18] 3(A) . IX A H T SDBS 1] UM I Ui # 4
R TAR R EAEE, M2t LFLX [ Eu™ [ (RS R 5, 8fk Eu® ROt HidREH R & mA PiJE,
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Eu* 6K, LFLX 5tk E (< 3(B)), H25 SDBS ¥#KJ% M 1.0 x 107 mol-L ™ i, LFLX 5 E 3L
F(F-Fo)lFo 15 B 5 KAH(15 3(C)), BEWIBLI S IRET T Pi AT SRS 7 o K I HGAR E 1.0 x 107
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Figure 3. Effect of SDBS concentration on fluorescence spectra of the fluorescent probe before (A) and after (B) addition of
25 uM Pi, respectively. (C) Effect of SDBS concentration on the fluorescence recovery efficiency of LFLX after the addition
of Pi. Fg and F represent the LFLX fluorescence intensity of the probe before and after the addition of Pi, respectively

3. SDBS iKE X RAERETEEMA 25 uM Pi Hil(A), FR(B)RIRIEHIEFZM. (C) SDBS iIREXHRET LFLX RARE
RS, FoFl F 2RZRETMN Pi BIEH LFLX 3RHREE

3.2.3. pH 4k

pH EXS 2 AR AR R B R M52, e AN T 5 6 B 1 B B 2k A i R 2 e &9 . K
AA)ATRAE H, pH ALY LFLX-Eu¥* K R LFLX [ 6 3R A 7 A i R 5mi, (R AEANR) pH 8
FMEN, LFLX-EU R 250 Pi (3¢ Jemi S 4 LA B 2 Ve 22 52, %4 k], BT Pi k& IfY CIP-Eu®
Tk R BA B R . &R E IR BRI R R T B R ERR M2 F N, HPOZ RTH,PO, 5 BV & T4
WES M AR, TERESIE T, Eu® A bA5-OH BLA K AN K &40 Eu(OH)s. H1E 4(B)
FILLE . 4 pH =8 B, BERRAR AT LLE LFLX 1056 E 0% (F - F)) /R, ik B fE, Btk pH =8
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Figure 4. (A) Effect of pH on LFLX fluorescence intensity of the fluorescent probe before
and after addition of 25 uM Pi. (B) Effect of pH on the fluorescence recovery efficiency of
LFLX after the addition of Pi. Fy and F represent the LFLX fluorescence intensity of the
probe before and after the addition of Pi, respectively

B 4. (A) pH STTEHIRETEMA 25 1M Pi B, [FAY LFLX SEABES M. (B) pH XHE
$t LFLX ZOL R EERRFMW. Fof F SR ZERE A Pi BIEH) LFLX SOLREE
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3.2.4. WaRZRTEEAL

Wi 7 FF ) 2 B 9 A% I i — AN BB R R . W 5 i, 418 LFLX-EW & 29 o Pi 782>
WA G, LFLX 28 enm Bz og, HIH 65T 15 min AR5k, FFI7E 60 min N ERFFFEE,
[R5 B S ) 1) 20 min BT Pi [R5 A6 )
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Figure 5. Effect of equilibration time on the LFLX fluorescence intensity of the

LFLX-Eu®" system after addition of Pi
5. Mg BZATE3HREHE R M Pi BRI LFLX 3RSk & #20

3.3. DRt RER R E B 4

F,,~16.68856+19.74056Cp,
R?=0.9909

Wavelength (nm)

350 400 450 500 550 600 650 0 5 10 15 20
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25

Figure 6. (A) The fluorescence spectra of LFLX-Eu* system in the presence of Pi with different con-
centrations. Inset is the corresponding fluorescence images under 302 nm UV lamp. (B) Linear rela-
tionship between fluorescence intensity of LFLX (F4s0) and Pi concentration
6. (A) LFLX-Eu* SRAIR$T X RREIRE Pi AU . FENEH H 302 nm KRIMT T
FE. (B) LFLX RHIBE (Fus0) 5 Pi iRE < BRI X R E

TERAAENET, I T LFLX-EU* TAL A R XA FE Pi 56N . & 6(A) s, BEER
EHUR R R R ER AR IR FE IR0, Eu AR HES LR K, T LFLX [5G T R (K 6(A)). Wl 6(B)FTR,
7E 0.1~25 UM FIUR FE G P, R AR I FE AN A2 0D B B0 e B R IR G R, Rt 7 AR N Faso
=19.74056 + 16.68856Csp; (R? = 0.9909), J5 %4 HiFR(S/N = 3, n = 11)4 0.027 uM (LA P i+4 0.84 pg/L), it
T FR BB Shn e R K | KRR HECEBE < 0.02 mg/L). HLZ 5k R B ik = T H T Ok
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18 A BEIR L W T VE (R 1), A, BEAE BERRER NN IR EZ AN, SRETK R AP B M 41 (A8
NEEEE 6(A)V TN, FRIARYE PREH SOE A AT SEHU BEIR ER I T AL oA, 7 ik
TR ANV S U

Table 1. Comparison of the analytical performance of LFLX-Eu®* system and other analytical methods for the determination
of Pi

= L LFLX-EU B &SRt S HAL Pi 4775 5RMELER

Analytical methods Linear range (LM) LOD (uMm) RSD? (%) Ref.
AuNPs/ EU®* (Colorimetric probe) 0.5~30 0.076 75 [20]
CBNP-SPE (electrochemical sensor) 10~80 6 10.8 [5]
PyO-ZnO NR FET biosensor 1~7000 0.5 6.5 [21]
lon chromatography 20~2000 10 5.9 [22]
CDs/Fe** (FL probe) 10~250 0.8 43 [23]
CDs/Eu** (FL probe) 0.4~15 0.051 3.9 [24]
GQDs/Eu** (FL probe) 0.5~190 0.1 5.6 [18]
sGQDs/AI** (FL probe) 0.25~7.5 0.1 6.0 [25]
AgNCs/Zn**/metal-orgainc shell (FL probe) 1~100 0.06 51 [26]
RBMB@CNP/Zn?* (FL probe) 0.5~5 0.08 4.2 [27]
ZnO QDs MOF-5 complex (FL probe) 0.5~12 0.053 49 [28]
UiO-66-NH; MOFs (FL probe) 5~150 1.25 51 [29]
LFLX-Eu®*"/SDBS 0.1~25 0.027 5.8 This work
AR 125 0 B KRS A vl 221
3.4. FRIRFT R RERER IR IR 4
A 1000 4 B 1000 4
> -
S 8001 S 8004
= =
N’ -’
> >
X 600 X600 -
n wn
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= 4001 = 4001
b e
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0';-ﬂ:+++w+++;:‘++++¥+++++ 0-—“‘“"'"“""&"@'
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g OARTOQUORUSZn 274 <& K g ~ 2 88 s Z88
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Figure 7. Selective response of LFLX-Eu®* fluorescent probe to different cations (A) and anions (B)
7. LFLX-EUSORIRE SR EIFA(A) . BAESF(B)AOE IR M N RL 45 R

SIS SEBRE it E AR (0 v e B AR A e A% IO RN RT3 - 25 RE BIZ SO R BT 32 N
TIRETRE A, LB EE T LFLX-EU SREHA RO IRBTRE i b A P RESLAF AR L BT 5k i,
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WA %

PAVPA H B IR SRR e Bt . &l 7 B, BREERERRAR(PPiYH LFLX-Eu* 564 HA R A 4T,
TEGEREL B HoAh B W42 I8 B T 40 NiZ* . Mn?*, Cu*. Hg*'. K'. Ca®. Na'. Mg®. Pb®*. Ag'. Cd*.
Co*. AP, Ba*. Fe**. Fe*, LI WHIPI B TS0 . NO*. COZ . CHsCOO . F. CI'. Br. I,
SO~ A WA B B i B o X T Eu® B 115 i AR o ol AR v S80I B o (S M 5
AER o REPREERE i S IOAI, 75 B S ML 2 TR R B AL O IERERR 2h,  ZEAE T il AR
o, SRR ER PR N IERERR ER, D] DA EERE IR ER 1. X T HARA LAY, BT HARAE K
FEARMR(ng/L 7K~F), FF HAEFEME M R b JLP A KA VALY 2 2B, PRI TR RR R 52
iR g R LFLX-Eu SR BT A 200 R 6 A B (R 2 0, vl IS FH - S BR KRR rh A Bl 0 2

3.5. ZKEEH S BEME

Table 2. Total phosphase detection in real water samples using the proposed method and the phosphomolybdenum blue
spectrophotometric method

R 2. RFTESHIEE S A AR KA R B BB ATE

E IR IICIGREE
IKHE MG AEXS AR g 22 MG AR by 22
(mg/L £ SD) (n =5, %) (mg/L £ SD) (n=5, %)
K 1 0.15 + 0.007 4.7 0.17£0.01 5.9
WK 2 0.29 = 0.008 2.8 0.30 £0.02 6.7
K 1 0.20 £ 0.010 5.0 0.22£0.13 5.9
VK 2 0.19+0.011 5.8 0.18 £0.01 5.6
K 1 270+0.12 4.4 3.09+£0.11 3.6

TEERME A, ANFEBERIE TS Z 0] DO B AL, T B & 1E KR s 8 R TS e br,
PRI T IR B RE SR, SRS I A R . AT TS BEAEIREIA R R ER 5 a5 ol, R4
TA5AKS K K, R SR H (A I T R R R A R B RAR AR AR TV
TIHMKMERINE, FE DI E 1S B R R AR B Moy SIS, e85 R & 2 . S5REW, &
T3 BRI b it 22 (RSD) A T 2.1%~5.8%, HLINAS RS VR B2 15 [l b wh R0 RO B W 20 e BV ARG M 285
FEABIF 8, RUNZRCAEBI LR ERE . thah, BRI ATEE 8 7 Z I VR R
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Table 3. Total phosphase detection in spiked water samples
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