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5. ZH5/BR® (pH 1.73) =5/1 (V/V)H

Fig. 1 Absorption spectra evolution of 200 pmol + L™' (a) Fluoral-P and (b) 3F-FP at room
temperature in acetonitrile/acetic acid solution (pH 1.73)=5/1(V/V)
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AT WiE 3F-FP 5 B SO i) A A . AT HE— 2 X )
JE IR A M HEFT GC-MS 28, ik 3 frx. Bl 3(a) & H
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Fig. 2 Concentrations of (a) Fluoral-P and (b) 3F-FP vs. time at room temperature

in acetonitrile/acetic acid solution (pH 1.73)=5/1 (V/V)

E 3 5mmol - L7 3F-FP th 45l (a)ln A 2.5 mmol « L~

Fig. 3 GC-MS of 5 mmol + L™' 3F-FP (a) with 2. 5 mmol -

temperature in acetonitrile/acetic acid solution(pH 1.73)=5/1 (V/V);

7.879 and 15. 210 min, respectively
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L~' HCHO and (b) without HCHO after 166 hours’ reaction at room

(¢) and (d) are the corresponding mass spectra at
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Chemical structures of reagents (Fluoral-P and 3F-FP) and their
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transformation into lutidine derivatives after reaction with HCHO
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VHEE S . FEAS A B 200 25 0 W oG i . WL
EH, FEERR G, fF 430 nm ELGAHEI T — W
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< LOVHVREJS o A [e] Bk 220 30 45 1 ¢ Dl e 3 . AT

VLB B W) ha et 2078 489 nm Ab 7 — > 48 55 1 22 ok g
B 5 o 3 — 5 W s B[R] 38 1T B 5 . 166 hoJS . 489 nm
Ab RS BE SR B0 IG B 20 12 f5 DL b TR A i A
RERT . ToIR A RO RE IR 2 5 OGS 7E 166 h NI A Bl B
AR B ACe) R SLER AN X R AH AR 443 nm Ab B IO BE BE B
] 725 4K 1 LU 85 A R R 1 — 2 W O JRE I ) 3 iy B
BN, I FL 2k S PR R P g K AT A AT Y

4 Smmol -+ L7 3F-FP 1 2.5 mmol - L™' AEAEERIFE, ZH/BE (pH 1.73)=5/1 (V/V)HEEBRRERETH (a) R

JEiE AN (b) 5E S L& BE AT B AL

(¢) 1 (d) 53 5l 2 W% U S i

E7E 443 nm FIRE A IEE 489 nm R FEET K

Fig. 4 (a) Absorption and (b) fluorescence spectra evolution of 5 mmol « L™' 3F-FP with 2. 5 mmol + L™' HCHO at room temper-

ature in acetonitrile/acetic acid solution (pH 1.73)=5/1 (V/V);

change at 489 nm

(c) absorbance change at 443 nm and (d) fluorescence
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i ] 3% @i 38 5% . Fluoral-P 5 HCHO % A I W 2 A= i R A
4% DDL, 7€ 410 nm &% S0 B9 W ey » FF B4 510 nm &b
S B I A BT L T 3 RIA] 4 B ST 4 5L LA M R If
GC-MS g4 &R, 1 3F-FP hm ARG, BETH
Fluoral-P Z& Bl /) 5 i A2 B8 T 2R AR 4k & 4 6F-DDL (2 jij J7 2
KU Scheme 1 Fr7R) . T 51 A 48 A1 AT UL I U 3% F 5 S ok
T 119 AH I R

B4 AL, 2 3 58 AH X T W i3 s s i B e, If
fE 489 nm Wb TR B L K WS, Bm, AT
489 nm At MBS HEAT MG WK 5 FR . A1 E]
MRy k=7.881X10° h" ' (R*=0.972), ML EKR
POEH R MR, T 3F-FP 5 B S 50 R 0 g . X —
WG KEFR T LGEL U T 2 kit —2#EE: (DE
I T Uk B I BRE IS S O . % 3E-FP B A BRI A A w] DR
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Study on Spectral Characteristics of a Novel Formaldehyde Probe Based on
Fluoral-P Derivatives

CAO Si-min, LIU Yang-yi, ZHOU Zhong-neng, CHEN Jin-quan, XU Jian-hua”
State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200062, China

Abstract Formaldehyde (HCHO) is one of the main pollutants of indoor air. Exposure to excessive formaldehyde for a long
time will cause serious damage to human eyes, skin and respiratory organs, and even lead to loss of the function of nervous

1 2l Therefore, a rapid, efficient and accurate detection of gaseous formalde-

system-'!, as well as ear, nose and laryngeal cancer"
hyde is of great significance to human health. So far, there have been a lot of techniques that can be used for the detection of gas-
eous formaldehyde, such as gas chromatography (GC)"™! and high-performance liquid chromatography ( HPLC)™'. Although
chromatographic apparatus may provide detection limits of several pg * m *, they are time-consuming and not suitable for real-
time and continuous monitoring of formaldehyde concentration because of their weight and bulk. Semiconductor gas sensors
based on gas-sensitive films provide a good alternative in indoor formaldehyde monitoring due to their advantages of high stabili-
ty, short response time and continuous monitoring. However, high detection limit (=300 pg * m *) and poor selectivity is con-
[5]

sidered to be a great limitation for such sensors"”. Enzyme-based biosensors usually have a good sensitivity and selectivity, but

their thermal stability is usually poor, which seriously restricts their application'®. Colorimetric and fluorescence methods are

widely applied in the design of formaldehyde gas sensors because of their fast response, high sensitivity, low detection limit,
good selectivity, simplicity and low cost”*'. These methods are based on the combination of probes and formaldehyde which can
generate new substances, resulting in the change of absorption spectrum or fluorescence enhancement, so that ones may achieve
quantitative detection of formaldehyde. Descamps et al developed a portable formaldehyde detector by using 4-amino-3-penten-2-
one (Fluoral-P) as a probe. Fluoral-P"! is a reagent with enaminone structure which can selectively react with formaldehyde to
form cyclic compound 3,5-diacetyl-1,4-dihydrolutidine (DDL). Since the absorption band of Fluoral-P is far apart from the ab-
sorption band of DDL, and a fluorescence peak with large Stokes shift can be produced after combined with formaldehyde, it is
widely applied for the detection of formaldehyde. However, Fluoral-P is extremely unstable and easy to hydrolyze to form acety-
lacetone and ammonia under the presence of water, which severely limits its application in formaldehyde detection''*’. In this
work, we have studied the optical and chemical properties of the interaction between 4-amino-1,1, 1-trifluorobut-3-en-2-one(3F-
FP), a derivative of Fluoral-P, and formaldehyde solution by UV-vis absorption steady state fluorescence spectroscopy and gas
chromatography-mass spectrometry(GC-MS). We found that the hydrolysis rate of Fluoral-P is £#=1. 555 9X 10 ° L « mol * «
s ', however, 3F-FP has very low hydrolysis rate(close to 0) and shows excellent stability in water environment. Meanwhile,
3F-FP can react with formaldehyde to form cyclic compound 6F-DDL, and a new absorption band appears at 430 nm and the fluo-
rescence peak intensity at 489 nm also gets a significant enhancement and the enhancement factor is 12. The fluorescence growth
rate is £#=7. 881X 10° h™'. In the following work, we will use porous glass as the carrier for 3F-FP-""Y, by which the concentra-
tion of 3F-FP and contact surface area between the 3F-FP probe molecule and formaldehyde can be increased, leading to further
increase of the fluorescence growth rate. In conclusion, 3F-FP has shown good application prospects in the field of gaseous form-

aldehyde detection.
Keywords Formaldehyde probe; Fluoral-P; 3F-FP; Hydrolysis rate; Fluorescence spectroscopy
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