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W E BREH, PO FEPHAMATFME Cut M S I R BB KA RO T ST B B RN 30
WRES PO MIMERALMXE. Mt 2y TR POT MRS EXEE., EpH T0WAM T, ik
BIERTE VL 8 3.0X 107~ 4.5X 107 mol/L. #IE E¥ K 0.9938, K H R (300 K 1.6X 107" molL. AFHEHF AT
1R bR POT B94G I, I AR B K 93.0% ~ 108.0% MM AR HEMR 2 /N T 6.0% .

X@EiE KNEE: PITYHABM; FE T 8RR
1 531

A T 2 i A T8 s A il s 17 0 S5 VB S Ui T K 75K TS IRA R R LB 2 AN T &
AR LIS K SR RETE—E RS RS, FEAMALE AT R A SEDOYE AL
Y = EEEA L FTEK 5 RIEAT B R EARY, A L8 b B o i b E R E R
WP — DN ASRY R BAMERIKR, PO EEGERFTZHFE FERE R4 1L
HEFHEEEENAC, HiLx PO MIRBIENEE., EREZHI T ES, O EER FTHERAH
EE RIERERRARELS ) ENHATARAGERTE FORFIFRN . A K565 E K
& POy FERFA POT SHEM AN LY KL ETOCS P AT K, B 85 6 #
e POy WER. WHEBSVEM T —M=BKMEmAY MRS 20 ERNE Y R T &/
P FXHZEL AP R e R G B iR T PO ; HHELFYMIE T — M /K CdTe & T &S 1% B
PO, MR B s RIB B & ST T W3l i 5 4 i 458 DI SE K P B R R 1Y 0 vk .

% #1873 (Rhodamine) & — 24 B 2 Ay I I 288 90 P 9 ' e bt & 5t Ak T 500~ 680 nm £1 5 AT LG X, B
HEEWREBR TR ELEYRER RS54 FRNSEER T ZMA, BER U HHSFHE
K, AMTES S ARNFWEREFA Tk AR T EAE AR T R EAEY . ZPFHHNE
% (Rhodamine Spirolactams, RB) £ H P HEE -, T HITH K BAES B0 F IR IR, F
HFEITHmM AR ES . BEES52EE FER, NBERREWITIF EREK AT R, & HiE%
. 1997 4, Dujds Z“4& . T RBh, AT LLEFE MR Cu®" (4NE 1 Fr7R) ; Zheng %7 Rl J5 ¥ RBh 12 IR 45
W ER N TSRS S JEF, I T X He BB RMN ., WA BEAREM /N> FHEIY S S FHE
B, AT ABAFKNE S BAAY, 3L T Po> P Fe’ PRI,

AHFFT KB, POT fEME Cu® XF RBh /K& A MM T S BB, HMHRES PO WES
KRR BB T FHEAGTERFERNATEM G PO BIRICCEE. AFEEE, oM,
AR .

2 SCIEE4S

2.1 NFSEXA
F-2500 25643 Y66 BE i1, U-3010 &Y 48 4h-0] WL 43 5606 3 CH & H 372 24 7)) ; Fluorlog-3 %% 6 )6 i {X
(#:[H Horiba Jobin Yvon 24 8]);'H NMR # # $£ 3% {¥ AVANCE AV-300 (BRUKER, Swiss) ; JE#% 2% & 2§
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Fig. | Catalytic route of Rhodamine spirolactam (RBh) by copper ion
2.2 ERAZE
2.2.1 RBhiI&R RAKABEED I B LA M RBhY ., B 15 mL HEE T 25 mL BREEHF I
A%B L B(0.4024 g,0.88 mmol/L) B $L 4 5 . mIE W i A 0.5 mL /K & B i Bl 12 b H R &
s S FE I 6 IR, 1B FIM AL A B IK . FI /K Na,SO, T ik EF R AR L MO B8 %
CERPEE 1, BRES S, B AR (0.2748 g. /=R 68.3% ). F AV-300 #8322 #E JL 4R A (LA
TMS R AR 5 7= ) 3817 RAE ESLFT & B FHA T A 99 RBh,
2.2.2 PO} MI#M 7F 1.5 mL EP & F KK INAE & pH 7.0 HEPES 2 MR . /K . CuCl, ¥ ¥ \NaCl IF 7 .
PO; A . ARSI E AN A RBhIEH - SRR 500 uL, R E 25 min /5 , A F-2500 567 6 ¢ B 1 LA
530 nm SR I R BRI RN E B2 F 577 nm B OGIRIE LK R R ST IRSE R 5 nm, HE 6 (09 56 R
57 0.5 cm.,
2.2.3 EBRKHEES POy WA RWAE BUE— XA RSO RHE Y0 3 SRIEH KK FE, A 0.45 pm
BHESEGEEKTREY, FEL S FRREN A, &R HRBLRITENE.

3 #R5iFie

3.1 R

RBh #3E NI 1 T IR IR 50, 78 ] I8 6 X R ARAE Uk, th T 5% e & &t s B X M A Cu®' /5 .RBh I
B BERE 25 R Cu? T HF,Cu* A5 RBh 9 1 7 X 4 B N 5 O [RF RN, B R A 2, 201 § 5L
RBh 3-{ $23F N J&FHBTEIE I H i S 3 NI, Bk ARS8 B oI LB 1), %5
F W Y% 3 F 552 nm &b, KRN T 577 nm. FEREFIMA POI L W F FHEA B 43 F 0 oK B R
HEEH B ERK. XEGTPOr 5C HAREMESR . ENBEERB/DNWILE (Ke =
139X 1077) , {48 k. RBh JF 36 & B 19 Cu™™ 3820 s AT 5 BUA: U 26 73 F 2 FHE B B9 BOIURI 28 JERE R

A1 & 2 A1 A0, Bk RBh-Cu® 7E 552 nm &b A5 HRFAE 58 Sh- AT 0L 02 Wi e o W AT 52 18 A 5 1] G b Jin AL T
WE POT A, W R E F BT R, BB 3 Rl 2 OR A UEOR A A Bk AT R U B, B8 RBh-Cu®' 7E
577 nm 4 B A 3B 55, 1 RBh-Cu®" A PO; B, B POT ¥R BE 693 Jin, RBh-Cu®™ 7E 577 nm 4b 1Y
PR R B REAR L YR AT Al POT e BRI .
3.2 REKGikE

HF Cu’” X RBh M HE AL FF SRAE AR AT 801, k2% 5% Cu® F PO IR /5 . A RBh, HELE
%%¢ RBh.Cu’' 1 PO; =& [H () 6 FMEENI T , JRA5 H1 4% 0BT ANAE ST R7 (5 MR L B o BRUE DAL, 4%
T Cu'” 5 RBh R BAEEER L. B 4A AT A0, #E 5.3X 10" mol/L RBh /il AR [EVE B (9 Cu” LK &
7£ 577 nm AR ROL IR E R ET IR, H Cu® WREA 1.0X10°~1.0X 10 mol/L N2 M B a9kt %
(K 4B), MK 4B ATHD, 2 Cu* RN 5.0X 107° mol/L B} , K R K IR A B E, Wik E LK
FE B AE Cu*" WREE., ILRT Cu*™ 5 RBh MEE/R LR 100t 1, 5 SCHER[61HR 18 AH AT .

%227 pH 6.8~8.4 HEPES R LA K & FiaEX DOt mE R Z M. hE S A H,pH 7.0 BH{& &

Fluorescent
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Fig. 2 UV-vis absorption spectra of RBh and Cu’” in Fig. 3 Fluorescence spectra of RBh and Cu’” in presence

presence of phosphate ions (Pi) of Pi
pH 7.0; cren, 5.3X 107 mol/L; ccuz+, 5.5 107*mol/L; ¢p ( Curves pH 7.0;cran, 5.3X 1077 mol/L; ccy+, 5.5X 1075 mol/L; ¢p; ( Curves
1—4, pmol/L), 0, 9.0,18, 25; cacr, 0.05 mol/L. 1-—9, umol/L), 0, 0.7, 1.0,3.0, 9.0, 14, 20, 35, 45; cnaci, 0.05 mol/L.
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Fig. 4 Fluorescence spectra ( A) of RBh upon the addition of different concentrations of Cu’” and the

response curve (B)
pH 7.0; RBh: 0.53 umol/L; Cu®™ : (Curves 1— 11, pmol/L), 0, 1.0, 3.5, 5.0, 7.0, 10.0, 20.0, 40.0, 60.0, 90.0, 200.0; NaCl: 0.05 mol/L.

HEIRE R B R AME, S AMBERAE 577 nm AR KR E ZEHZ K. pH>7.0 BF, 25 (MR RSB
BHEIE, TREEESHBERR P o KEMH KM Fm 1 #E4LEH. NaCl K JE A 0.05~
0.4 mol/L JE Bl N, 53R RE R ¥k BE s i 6 K (B &), i BA = B FoR & PO 5 v’ MIBLLIVEA .
MR iRtk & REE. F, RPF5E LR pH 7.0 (9 HEPES 28 ¥4 U 5 41 K2 B2 FE L 0.05 mol/L NaCl A & H
FHeEE,

3.3 EEHERY

T B3 RBh, Cu® M Pi &9 B4RV FIHLE, 43510 & T % f$87 B.RBh-Cu*" A1 RBh-Cu’" -Pi 3% %
Har (o), LRFEH, T 9 B.RBh-Cu?" fl RBh-Cu®* -Pi fJ ¢ 4334 1.89, 1.84 1 1.88 ns, # A PO By
A ST RBh FF 35 7= 4 ) 5% 6 5 A I B B 355 W, W] HEBR & A 30 S B K 1 AT REPEDY,

A 2 i OGS % B, RBh-Cu?* F1 RBh-Cu®" -Pi 7E 552 nm 4B R KR4, 5 % £+ 8 B (% Uk 58
4£—3, L8 RBh A= R R T FH8] B 70 F . 5 XK [6]4Rk 1 — 8. PO By AXT RBh FF 3 7= 4 9 1%
W oL B IR A R, 25| R O BB B Y B0, BT HET RBh, Cu’” il PO fERIVIEE R THRRF RN
BB . A SRR 25 2R, BT LA SE — A5 UE SE % R N HLEE, B Y4 ) RBh A i A Cu?', Cu?t 4k
RBh IR AR EFEE M T I B 4 F,Cu” UHFEEFAETERF; 4 m RBh-Cu®' H 1A PO
B, BT Cu*t f1 PO ERBEEAZMMBREMER  KEDH C?" L% S PO AL, MTi5 RBh
BHEAITIRERMN Cu B0, RBh M58 & ST 38 &/,
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Fig. 5 Effect of pH on fluorescence intensity
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Fig. 6 Effect of ionic strength on fluorescence intensity

cren, 5.3 X 107 mol/L; ¢nact, 0.05 mol/L; ce2t, 5.5X 10~% mol/L; pH 7.0; cren, 5.3 X 107" mol/L; c¢2*, 5.5 107 mol/L; ¢py, 1.0 X

cpi, 1.0X 107 mol/L. 107 mol/L.
3.4 HEYREMW

ERALREET EETHELERES FRAE FIEMRAKZNEE. ERMEK 1 iR, FHEMG
SO &+ R AEFMAERGA TS5 BH A FoMeBEFHEARELTH . EF, Fe' . Hg™
I K, i BRAK, ATEEREA15 RBh -0 R 4 N 5 O R F&4 K AR A FF3F . Rt &0

ESEFRFE AT R AR PR MR X T E 7 HETE.

E/
-7

£1 HHEYERE W
Table | Tolerance of foreign substances
s K HR 5 S AE W HRE iR
Substances Concentration Relatively error Coexistent Concentration Relatively error
(X107° mol/L) (%) substance (X107 mol/L) (%)
Ca?™, CI 5.5 0.8 Ag’ . NOj 55 2.4
Mg?', SO 5.5 2.1 Ba’", CI 55 1.6
AP~ CI- 55 43 Na', SOT 1.0 -4.7
Zn?", SO 5.5 -39 K™, Ac” 1.0 3.1
Mn?~, SOf 55 =22 Na , §? 1.0 -9.9
Pb?", NOs. 5.5 -39 Na', SO 1.0 -0.4
Cd?", NOs. 55 +0.5 Na', Br 1.0 -3.0
Ni*™", CI- 55 38 K, 1.0 -4.3
Co?", CI- 4.6 +4.7 K™, ClO3 1.0 -2.2
Fe3™, CI- 0.11 -32 Na™, NO3 1.0 -4.4
Fe?™, CI- 0.11 +22 K™, COY 1.0 -16
Hg?", CI- 0.11 -8.2 K™, SCN- 1.0 2.1

5.3X 107mol/L RBh; 1.0X 10~mol/L. Pi; 5.5X 10~ mol/L Cu?"; 0.05 mol/L NaCl; pH 7.0.

3.5 POy WS HNESHRXEFRHERNIE

ERABELR AT, Y POT HETE 3.0X10°~4.5X 107 mol/L & M A I, 25 ( FIEE R FE 577 nm
T CHBE(F/ SHIKREERIFMNEHEXRR  HEUE RN Fo/F=2.2+1.3¢ (107 mol/L).
r=0.9938, X} 1.0X 107 mol/L POy W AT E 11 K. B EKHFR A 1.6X107 mol/L(30).

TERAR E L 4T 3 N LB KEE S POT & B HEATINE , FF 17 M AARE B L5, [ i
B E LR RELT POY SEME (R . AR ENEERE—ERENSE FHFAE
#2 K POY BIGEERFK LK (n=3)

Table 2 Analytical results and recovery tests for phosphate ions in real sample(n=13)

B LIRSS ¥ MAR PURCEES [l i RSD PRI S B
San; rle Found Added Total found Recovery (% n=13) Standard method found
i (107 mol/L) (10~ mol/L) (10~*mol/L) (%, n=13) i (107*mol/L)
1 0.76 1.00 1.69 93.00 5.74 0.77
2 029 1.00 1.37 108.00 2.61 0.25
3 0.36 1.00 1.34 98.00 249 032

5.3X 1077 mol/L. RBh; 5.5X 10-*mol/L Cu?"; 0.05 mol/L NaCl; pH 7.0.
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Rhodamine Spirolactam and Copper Ion-based Fluorometric
Detection of Phosphate in Artificial Wetlands

YANG Hui', ZHENG Lin-Ling', LI Yuan-Fang', HUANG Cheng-Zhi*'?
Y (Education Ministry Key Laboratory on Luminescence and Real-Time Analysis, College of Chemical and
Chemistry Engineering , Southwest University, Chongging 400715, China)
®(College of Pharmaceutical Sciences . Southwest University , Chongging 400715, China)

Abstract Under neutral condition, phosphate ions could inhibit the catalytic effect of copper ions on
the hydrolysis of rhodamine spirolactam to form fluorescent rhodamine B, resulting in the decrease of
fluorescent intensity. Moreover, the inhibitive degree was in proportional to the concentration of
phosphate ions, which could be developed for sensing phosphate. In the buffer (pH 7. 0) solution,
phosphate ions could be determined in the range of 3. 0X 10" —4, 5X 10" mol/L with the correlation
coefficient of 0. 9938 and the detection limit of 1. 6 X107 mol/L (3¢). This method was applied to the
detection of phosphate in artificial wetlands with the recovery from 93. 0% to 108. 0% and the RSD
lower than 6. 0%.

Keywords Fluorometric method; Rhodamine spirolactam; Copper ions; Phosphate ions
(Received 10 February 2012; accepted 25 July 2012)



