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Synthesis and application of a fluorescent molecular probe for rapid detection

of sulfur dioxide residues in traditional Chinese herbs
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Abstract A fluorescence method based on a “turn-on” rhodamine derivative fluorescent probe was developed for
the detection of hydrogen sulfite ions and sulfur dioxide residues in sulfur-fumigated herbs. This method was real-
ized through a well-known aldehyde-bisulfite addition reaction accompanied by a ring opening of spirolactam of
probe molecule in pH 4.8 aqueous ethanol media which resulted in a significant fluorescence and color
change. The fluorescence enhancement was linearly proportional to the concentrations of bisulfite ranging from
0. 005 to 20 pmol/L with a correlation coefficient of 0. 998 5. The detection limit was low as to 2. 0 nmol/L and
there was no interference with other familiar co-existing anions, cations and reducing reagents indicating high
sensitivity and selectivity of the proposed method. In addition, the novel probe was successfully applied for the

identification of sulfur dioxide residues in herbs with a satisfactory recovery in five real samples.
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COOH Reflux

Rhodamine B

Figure 1  Synthetic route of rhodamine derivative fluorescent probe Cl
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Figure 2 Proposed mechanism for the optical property changes of Cl after the addition of HSO5

RIS OCRETE ELANGTE RO R 12
X BN AL AT R UE . AR 3-A L 4REE CL AR LT
BEA SR, A HSO; J, ££ 565 nm 2k i B
S ARSI, TR P G B AR IR AL 1, B P AR A
WIRET S HSO; W FEUR LI TTER . ELLAR
Yk (F 3-B) fraf 45 H, 1 741,41 F11 702. 84

em ”RHET RN A4 B SEOUUEEE (C = O) AR IR
I A HSO; J&, 1 741, 41 em ™" AT 2K, T A ¢ Ik
IS5 2 1 697.05 em ™" B84E T 8% C1 4%
PR S HSO, &A1 IR,

W — 2 I RSB FH A 7 I 5 T 1% O
o B 3-CRFER S P E L WA BT ¢ =



55 46 55 4 1]

JE S R R P 2 b h — SRR B S SR 0 A R 447

18.027 min Hi 0 (R WA 3-D, [M + H]*
497.255 3) LA HSO; JF, ¥R WIS % , 76 1, =
12. 880 min {4 BT 1) (33506 , $ B2 (5 1506 1) Jo i
B ([ 3-E), B m/z 579.226 3 HE& K[ Cl +

T T T T v T v T e 1
520 540 560 580 600 620
A/nm

— CI+HSO;

— I C

/,\‘“ — Blank
N\

11

——
I 0.5%10” counts
0 5 10 15 20 25 30

t/min

r T T
200 400 600

H,S0; + H] ™, RIS BB (71 . 235 550y
JOLRERE ZLAMETE MBS I 4E R UESE T #RE Cl
5 HSO; WAL S B S 2544 15 HSO; s S
FIBEA SR N BRI 3E

CI+HSO;

1 697.05

) T A T Ll T ] 1
2 000 1800 1 600 1400 1200
A/mm

*579.2263 E

519.2357

*497.2553

497.2532 d
| |

L A

1 T ¥ T T 1
800 200 400 600 800
m/z m/z

Figure 3 A .UV spectrum;B ;IR spectrum;C:LC-MS spectrum :total ion chromatogram ( collected of m/z arranging from 200 to 800, the first 3 min

was cut off) ;D : Corresponding ESI-MS spectrum for only C1;E:ESI-MS spectrum for mixture of C1 with NaHSO;. Experimental conditions:[ C1] =
2.0 wmol/L,[ HSO; ] =80 pwmol/L. The HPLC analysis was performed with a C,g analytical column (4.6 mm x 150 mm,5 um) under 280 nm. The
mobile phase was composited of methanol and 0. 1% formic acid (80:20) isocratic eluent ( flow rate,1.0 mL/ min) at 30 °C
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Figure 4 A:Effect of pH on F/F, value of the reaction of C1 (2 pmol/L) with bisulfite, Inset: fluorescence intensity versus pH;B: Effect of ethanol

content of on F/F, value of the reaction of C1 with bisulfite, Inset ; fluorescence intensity versus ethanol content. Where F and F, are the fluorescence

intensity of the reaction mixture in the presence and absence of HSO; ,respectively
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Figure 6 Fluorescence spectra of C1 (2 wmol/L) with different con-
centrations of HSO; (0-100 wmol/ L). The insert picture shows the flu-

orescence intensity versus bisulfite concentration
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Table 1 Analytical results for detection of SO, residue in five traditional Chinese herbs (x +s,n=3)

Addition of HSO5 /

Found of HSO; /

Sample SO, residues/ (pg/g) (mol/L) (mol/L) Recovery/ %
Lonicerae japonicae 5.25+0.17 0.01 0.010 3 £0. 001 103. 00
0.03 0.031 9 +0. 004 106. 67
0.05 0. 050 8 +0.002 101. 60
Lycii 28. 84 +0.40 0.03 0.031 3 +0.002 104. 14
0.07 0.074 2 £0. 002 106. 04
0.10 0. 106 7 +0. 004 106. 75
Astragalt 2.27 +0.20 0.01 0.011 6 £0.001 115.74
0.02 0.020 4 £0. 003 102. 33
0.03 0.031 8 +0.002 106. 02
Dioscoreae 28.55 +0. 11 0. 04 0. 042 +0. 001 104. 98
0. 08 0.082 5 +0.002 103.13
0.12 0.124 2 £0.001 103. 50
Codonopsts 7.48 +0.03 0.02 0.020 7 £0.001 103. 50
0. 05 0. 050 8 +0.002 101. 60
0. 08 0. 080 1 +0.002 100. 13
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