http://www. hxtb. org

fhEE R 2024 4F 55 87 % 3 M - 355 .

— A TRNSSPEER AR LR

RE®K Z b AXH EEEF BRSE

(BRI R 2EM R SRETR 2B T 510642)

A"

W OE OWEE AW L AEREA P (VOC) , 2 H R B GE B — i K P, 2o X AR e B 7= A e 5
D 0 R B 2R 5 S AR A L g R R M S5 B 4 ol P R e PR S R AR At AR St
BT —FYCHRER 4-RIE-1,8-Z8BE -1, 2- R B (TF) | FYEIE AT 55 R B 104 2k 56 8 43 46 6 T8 1R 114 S5 iz W)
DA R R 5E 0 B 1 72 Al ik 10 S B PP R ARG I . oAb, O T B ERAG I A B R LT TF 4 T 9t
AT, RS0 HAE I A o g 1o T ) B 3 PR 50T — 17 B W 00 2 T A I G R

KR HEE JOLHEH U

A Novel Fluorescent Probe for the Detection of Gaseous Formaldehyde
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Abstract Formaldehyde is a common volatile organic compound (VOC) that can be harmful to human health
when its concentration reaches certain levels. It can cause irritation to the eyes and nasal mucosa, as well as throat
pain, coughing, and asthma. Long-term exposure to formaldehyde can cause serious damage to the human body. In
response to this issue, we have designed and synthesized a fluorescent probe called TF ( 4-hydrazinyl-1, 8-
naphthalimide-1,2-benzoimidazole). The reaction between its hydrazine group and the carbonyl part of formaldehyde
to form hydrazone can cause changes in the fluorescence intensity of the system, thereby achieving the detection of

formaldehyde. Furthermore, to directly detect gaseous formaldehyde, we have developed fluorescent test paper using

TF and investigated its application in qualitative detection of formaldehyde. We have also explored a simple

monitoring device for quantitative measurement of indoor formaldehyde levels.
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Fig. 1

( A) Reaction mechanism of TF with formaldehyde; (B) UV absorption spectrum (black) and fluorescence spectrum

(blue) of the TF (5 pmol/L) in PBS phosphate buffered saline (0.01 mol/L, pH 7.4) ; (C) Fluorescence spectra of TF (5 pumol/L)

in PBS phosphate buffered saline with different concentrations of formaldehyde (0~200 pmol/L) at 463 nm excitation; (D) Fitting

of fluorescence intensity at 523 nm to formaldehyde concentration (0~200 pmol/L) ; (E) UV absorption spectra of TF
and TF+200 pmol/L formaldehyde
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Fig. 2

(A) Change in fluorescence intensity at 523 nm under excitation at 463 nm in the absence of formaldehyde [ ® ] or in the

presence of formaldehyde (200 pmol/L) [ ] and change in emission fluorescence intensity of TF (5 pmol/L) at 523 nm versus

time; (B) Fluorescence intensity at 463 nm under excitation in PBS phosphate buffered saline (0. 01 mol/L, pH 7.4) The

fluorescence intensity at 523 nm was measured by adding different analytes, (1) Blank; (2) isopropanol; (3) hydrazine hydrate;

(4) aniline; (5) epichlorohydrin; (6) dimethyl phthalate; (7) amine chloride; (8) amine sulfate; (9) manganese sulfate;

(10) aluminum nitrate; (11) potassium persulfate; (12) calcium chloride; (13) disodium hydrogen phosphate;

(14) potassium dihydrogen phosphate; (15) copper sulfate; (16) glutaraldehyde; (17) Acetaldehyde;
(18) Butyraldehyde; (19) Benzaldehyde; (20) Formaldehyde
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Fig.3 (A) Schematic diagram of the reaction mechanism;
(B) HPLC spectrum of the reaction of the probe (5 pumol/L)
with formaldehyde, line a (black) is the characteristic peak of
the pure probe, line b (red) is the characteristic peak of the

probe (5 pmol/L) after reaction with formaldehyde

(200 pmol/L) and line ¢ ( blue) is the characteristic peak

of the pure product (5 pmol/L) after reaction
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(2) toluene; (3)chloroform; (4) ethylenediamine;
(5)isocyanate; (6)propylene; (7) ethyl isocyanate;
(8) formaldehyde; (B) The test paper was exposed to an
atmosphere containing formaldehyde, and the fluorescence
color changed over time; (C) The test paper was exposed
to atmospheres with different concentrations of

formaldehyde, and the fluorescence color changed

JEE | MR b v TR b A B B I A P Y
e e B DN AT A HT R R S PR W O OR N



- 360 - fhE e 2024 4F 25 87 % 5 3 M

http ://www. hxtb. org

0. 05mg/m” , 73— 21 52 5 J2 4 17 65 FF A ) 3 76
BRI — = B AT I 25 SO EE
EHEE RN 0. 06mg/m” X B 4 45 B R 22 5 A
Ko B SIS, TF o] 3328 B AT RS
N S s Py HE R g i LA N R T

3 Zig

A SO A BT — o B H RSSO TR, A
W S2 BT X B EE Y “ Turn-on” Bl Ykl , TF B
AR AR R BOPE AR B LA AL I A TF Y
JoR L 5 B ) 0 3R B I A B T, AT 5 7
M AR A, M H A TF % WA, 3 W 98Ot
R OR 2 24 A% R I o IR MR BE AT Ak )
0.08pmol/L, WA, 3 F TF, W Il & T —Fh ki
AR, AT — Y B2 S0 L 1 A8 TP R
o F AT (R EF iR T T — R R S 0 W A
RSB T R A HE T R A A DU A A
— Wk B N A Y R T — R R
T

5 % X W

[ 1] TangY, Kong X, Xu A, et al. Angew. Chem. Int. Ed.

2016, 55(10) : 3356~ 3359.
[ 2] Bruemmer K J, Walvoord R R, Brewer T F, et al. J. Am.

Chem. Soc. , 2017, 139(15) : 5338~5350.
[ 3] Tang X, Bai Y, Duong A, et al. Environ. Int., 2009, 36

(8):1210~1224.
[ 4] Salthammer T, Mentese S, Marutzky R. Chem. Rev. , 2010,

110(4) : 2536~2572.

[ 5] ZhangY, Yang Y, He X, etal. J. Cell. Mol. Med. , 2021,

25(12) : 5358~5371.
[ 6] Vosoughi S, Khavanin A, Salehnia M, et al. Int. J. Fertil.

[8]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

Steril. , 2013, 6(4): 250.

Yang H, Fang G, Guo M, et al. Sens. Actuat. B, 2018,
270 318~326.

Paleologos K E, Selim M Y E, Mohamed A M O. Indoor air
quality ; pollutants, health effects, and regulations//Pollution
assessment for sustainable practices in applied sciences and
engineering. Butterworth-Heinemann, 2021; 405~ 489.
Yang Y, Zhang Z, Zhang L, et al. Sci. Total Environ. ,
2023; 163741.

Villanueva F, Tapia A, Amo-Salas M, et al. Int. J. Hyg.
Environ. Heal. , 2015, 218(6): 522~534.

Dubey S K, Das P. Formaldehyde:
environmental, and health
Academic Press, 2021; 169~182.

Wolkoff P. Indoor Air, 1995, 3. 1~73.

Rumchev K, Brown H, Spickett J. Rev. Environ. Health,
2007, 22(1): 39~56.

Risk assessment,

hazard//Hazardous  Gases.

Pollution T A. Report to Congress on Indoor Air Quality, 2
[R]. EPA/400/1, 1989.

Albert R E. Crit. Rev. Toxicol. , 1994, 24(1) . 75~85.
Pyatt D, Natelson E, Golden R. Regul. Toxicol. Pharm. ,
2008, 51(1): 119~133.

Luo W, Li H, Zhang Y, et al. J. Chromatogr. B, 2001, 753
(2):253~257.

Kaewnu K, Boonna S, Kongkaew S, et al. Microchem. J.,
2023, 184: 108162.

Yeh TS, Lin T C, Chen C C, et al. J. Food Drug Anal. ,
2013, 21(2): 190~197.

Xi H, Chen X, Cao Y, et al. Microchem. J., 2020,
156 104846.

Yuan W, Han Q, Jiang Y, et al. J. Photochem. Photobiol.
A, 2020, 400: 112701.

Zhai B, Zhang Y, Hu Z, et al.
171 107743.

Jain N, Kaur N. Coord. Chem. Rev., 2022, 459. 214454.

Dyes Pigm., 2019,



