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Fluorescence resonance energy transfer quenching method for determination
of malachite green in water using synchronous fluorescence spectrometry
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Abstract

ine as stabilizer. The fluorescence resonance energy transfer ( FRET) system was constructed, where CdTe QDs

Water-soluble CdTe quantum dots (QDs) were synthesized using thioglycolic acid and L-cyste-

and malachite green (MG) served as energy donors and energy acceptor respectively. Based on the FRET sys-
tem, a new method of synchronous fluorescence spectrometry to determine MG was established. When AN =220
nm, the maximum emission wavelength of synchronous fluorescence was 323 nm. Under the optimal conditions,
a good linearity was obtained between the synchronous fluorescence intensity of CdTe QDs and concentration of
MG from 0.5 to 10.0 pwmol/L. The correlation coefficient was 0. 9995 and the limit of detection was 10 nmol/L.
The proposed method was applied for the determination of MG in real water samples with spiked recoveries of
94% ~105% .
Key words CdTe quantum dots; malachite green; fluorescence resonance energy transfer; synchronous

fluorescence spectrometry
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BEVEAY 606 BE T (F-4500, H Sr /A /), 48 4haf
U436 56 B 31 (UV-3010, H 37 A dl) , pH it ( pHS-
3C, BiAEEm R AL ) A A U IR FA R g i
#ir (DF-101S, 11 A< B A 45 o AN 2 A BR A ) ) L K
P 75 3 Uk v (KQ-50DB, B 1l i 75 (X 4 A FR
NE]) L E SR T OB (JEM-2100, H A #L T 4
Al o
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M8 SCHR T 25 97 OB BB B K 0.043 ¢ il
AALEN A 0. 080 g fifi by 2 AN H L INA 5 mL £
BT K IE F Uk b R 8 h, 54 3R % 5 () NaHTe
KW . FREL 0.285 mg CdCl, - 2. 5H,0 Jin /K % f#
J& B E) 500 mL i = HRE R R AR YT T

A TS WL Sk RN 0. 180 g L2 B 2 IR , FH e 2
4 1 mol/L ) NaOH 3 I fift pH {2 11. 0, 1% J1 4t
$E 10 min J5, F U 55 4% 0 AR il NaHTe 7K 3% W,
100°C it B 1 W] 3 Sz W 2. 0 h J5 45 31 5256 Br 75 1Y
CdTe 1 T &
L3 AEAZHNE

fE—F 5] S mL @& P RKWRIMA 1.5 mL
CdTe T S W .1 mL Tris-HCl 28 W% & (pH =
8.0) Fll— & & i FL 78 A1 S AR HE VA MR, T 2588 7K€
HRZEIFRS,FIR TRE 10 min, 7EPK 2 AN
=220 nm, J Kk ML S REE N 5 nm, [6) 25
SRR B g I E TR R B[R] AE HEOL R

2 HR5WIR

2.1 CdTe EFSHLEMRIE

1 e & i CdTe & F 5 09 35 59 WL B2
(TEM) f& R & 1 A] %1, CdTe &+ 5 ORI oL 52
B BRIE , 7 PR 5 b, R A2 RH o A 2 57, SF
#2175 4.2 nm,

&1
Fig. 1

CdTe &5 M A Y TEM [ Jr
TEM image of CdTe QDs

2.2 CdTe EF = KRG R

&2 A L) CdTe 8 55 1 58 Ah- 1T U g i
JEE (MR a) 296K SEHE (R b) Fla) 25 58 6
i (MR ¢) o I 2 Al A1, CdTe i 1 45 B 28 2
Wk 500 nm , 5% K WAL T 550 nm (PR K
A =350 nm) ;[a] i}, 2 K 2% AN =220 nm [, [F] 25
B RSFUENL T 323 nm; 550 K SOGEAH L, [H]
¢ 6 S DT 1) VAT 24 T X R L N B R A A
2.3 HIREREEERBERNME

iR BB 2 5 B R R S A R 2 AN AR
TR 90 K& S W 5 32 1A T W WS I DA AT — 1Y
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Fig.2  Absorption spectrum (a), fluorescence spectrum
(b, N, =350 nm) and synchronous fluorescence

spectrum (¢, AN =220 nm) of CdTe QDs

A, HLUCRE I 1 5 32 1A 18] B R 6 20 A2 6 1200
3y CdTe H 1 /i 19 26 A 3 (i 2k a) FIAL
FEAT LRI ST WO (I b) o di 3 AT
H, CdTe H 5 gl M2 KP4 T 530 nm 4, i 4L
A7 ZR O T e RIE A T 618 nm 4b , T )G
A B R X O W LA R e e R R AN
A& 45 TR, CdTe 3~ 53 T Y S5 L BRI L-
PR S A 4 BRI TE i pH (4 F T, CdTe
S R T GH AT 5 T LA A 2RO — P AT IE R
a7 19 = B S BH g - Sk, A L 5| 0 2
T L R T O SR R AR Y 2 AR

4 6 000
- b
3t {4500
%(
X 1 ooo B
Rop 3000 55
& #
it 11500

1 ] 1 I 1 0
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K (nm)

3 CdTe i+ mi 1920 K AT 0%
(a) Fll MG 1455 51 R] DLW W o3 (b)
Fig.3  Emission spectrum (a) of CdTe QDs and
UV-Vis absorption spectrum (b) of MG

2.4 CdTe EFTRSFLERARERTNRE
Tt CdTe 57 515 FL 4 £ 2% 19 I Ik AE 1 7 76 i
Frf, l LA AT SR AR AR DO QR A 2 A 5,

{RENLSE B CdTe it T S M [A L 9O KM%,
U3 A DU A CdTe St~ A ) 25 298 0 T KRR ok %
FALPRRE R KA . £ 1.5 mL CdTe & F 5%
W 1 mL Tris-HCI 28 o i (pH =8.0) /9 5 mL [
BRI AN 5] e B 1 FL A A S o V5 0, 25
BFKEAZES mL, i T 10 min J5, £ K
25 AN =220 nm ZAF N U0 R R 0 8] 25 2 B
SERE 4 P, thE 4 a7, b FLAE A sk
3G, CdTe it 5049 [F] 25 5 ' 3 B S Wi e AIK .
BCHEWT , FL 2 1 W e T CdTe & 1~ 5 FF & 5t 19 9¢
JERE R, T Z A R A A R0 RE AL b, il 1 CdTe
it S ) B S G B Y AR Ak, DT S IR AL A T R
A E R E
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Fig.4 Synchronous fluorescence emission spectra of CdTe

QDs in the presence of MG with various concentrations
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2.5.1 kK EANEGLFE

TEARTR A 22 AN Z50F R, 43 B % CdTe - 55
W . CdTe 1t ¥ s FFLAE 1 20 IR A 0 R X AL A
SRUS W HEAT A 2D SO0 OGS . 24 AN =220 nm
if, CdTe & s 19 [ 25 5 ik BE Je K HL P KRR i o
Ko HISZIER: AN =220 nm FE4TFL 4 11 44 1 7]
HOEMNE .
2.5.2 A pHIANIKZAR Y % 0% EH
AL

i RO R A Y 2 B W pH 1 52
Wi, 25 %< Tris-HCl 2 #h WK pH {H7E 5.0 ~9.0 Ji [H
X AR 2 ) 25 28 5 BE R 52 e o >4 Tris-HCI 22 vp %5
W pH By 8.0 B, 1K Z 1Y [] 25 2¢O 5 BE JF K e Ko
PRI S5 36 6 $5 pH 8. 0 119 Tris-HC 2% 5 W Ky 2 L
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25,3 ETEAREMNKZEARA T R AEREN

e

i RO BE A B AR S R AR K AL
IO BRI AN T8 4, 75 4 R R B A &R ] 2P
YEGHR LML . Y AR EE N 0,15 pumol/L
I, LA A ) 1 A 9 [ 25 9 0l ol B 44 K fE ) I
Ko RN FLAE A 200 78 10 Stk v B Fn 2R g B, 5
B $E CdTe & ¥ H N 0. 15 pmol/L,
2.5.4 R A AFAR AR YR R R 09 % e

TEIR LT 20T, 25 58 B I 1) Xof 1A &[] 25
YEGTRE ML, A5 R R WY 10 min J5,
TR 2 B R 20 92 0 B f T A, B AE 40 min AN
A P, SEEe R RN 10 min J5 HEATK 2 R A 5
S BE I A o
2.6 ZMEESK R

i & 4 W], BE A FLAE A R BE B R R
[F] 25 ¢ o J3E 3 W A1, R WD L 46 A1 4% CdTe £
TREAVOCHEKER . it~ P HRLLEXR,
S5 AR R [F) 28 9 MR 5 B 5 LA A 4k B A
0.5 ~10.0 pwmol/T 35 [ N A7 1E B 4F I 21 K & .
LYEHFEHR F, - F =555.63C +27.438 , fH X250
0.9995 , K 1 FE g 10 nmol/L, X3 B 43 5 K 2.0,
4.0 f1 6.0 pmol/L 1)L 4 £ &% % W17 1 & 10
U, AR AR e 22 43 3 1.0% (1.8% F12.2% ,
RWNZ T HA RIS
2.7 FHER®

TER AL I8 451, 5 5K vh A7 8 1 W L2

A BRI GE WS A5 R 1 Frs . R T AT, Y
fLEALRUTE N 1.0 pmol/L, L4 £1 2 ¥k J& 200 4%
B K" Na® Cl~ NO; Fl SO; ,50 f%ny Mg " .
Ca’" Zn™" (A" Mn® ", X fL 28 1 & (0 0 5 A 7 A
TP (HRTIR ZAE £ 5% JuE N ) , & % 07 3 6K
b AL A g A IR ik £k

x1 HAEFEEFX CdTe EFRRASRABENZM(n =6)

Table 1 Effect of coexisting substances on the synchronous

fluorescence intensity of CdTe QDs (n =6)

7 e i e VeHE MR
CER (uwmol/L) (%) BT (umol/L) (%)
K* 200 +3.1 || Mg?* 50 -3.8
Na* 200 -2.3 || ca** 50 -2.4
cl- 200 +1.8 || Zn** 50 +3.4
NO; 200 +2.6 || AP 50 +4.2
803~ 200 +2.3 || Mn?* 50 +2.2

2.8 LEREEmEIS I

HCRE ol 77 4 7 97 8 KRR 1000 mL i ik
A, PR OR AR 0. 22 wm 8 MR U8, AR B
FEAT 100 mL A . BOE 54 B KRR A
— & 5 EDTA g0 , 4% 52 9 J5 vk A0 4% 58 3 5 ik
(HPLC %) I 5E L 42 A7 % 55 5, [R] 2 A7 i A [ Wi
S AR 2, AR 2 AL, R OR A LA
A2k, bR 3 96% ~105% . 5 HPLC 35947
Xof MERS ) A PSR i R AL A B ORI A
WOZ T 5 BE 08 1 T 52 B AR vp fL 4 o 2 5 B A
o HAR T HPLC i 85 4% 58 Oy i, A TL S #A4F
W B, L S A LI R

K2 KERAEAEHNNELER (n=06)
Table 2 Determination results of MG in water samples (n =6)
. . g - Ak
o = EEH Tz & HPLC 330 7€ {8 W7 [ = RSD e
(‘wmol/L) ( pmol/L) (‘wmol/L) (umol/L) (%)
Fef K 1 — 0.50 0.49 0.48 +1.4 96
Fta K 2 — 1.00 0.98 1.05+1.6 105
Fifa ik 3 — 5.00 5.12 4.93+2.0 98

" 2 EER HPLC IR, - R R o

3.5 i

K FHK A A B L-2F: bk 24 R . 5 3k 2 2 16 i 11
CdTe 7 # , H LA CdTe £ 7 S M AERHIE K FLAE f1
Sone i Z R O RRE R IR R, KT
FRET {5, 58 CdTe &7 & 5 L2 A 4 Z 7] 1Y g
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