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ETERARNHNREF SR AN AT REHE T HEE
Fet dEL Kk EFE XS ET 24

(RS A AR BRI TR AR, EWIRRY R R i S22, M 510632)

 E NIRRT OTRMNECEY " AR, X R R SRR M ST L
PRIZ Wi fl I 7 AR AR A AT B R BB R L. AR AT B RBE1H S K6 (Aggregation-induced
emission , ATE )N A9 YCIRET U F2 3 PUZEIE 2,04 (Tetra(4-hydroxyphenyl ) ethylene, TPE-4OH) , 7F 1,2,4,5-7%
DU R DU ER R ER (1,2,4,5-Benzenetetramine tetrahydrochloride, BTA)fFTEZA T, TPE-40H SA# Y H BE 43+
KA e A SN, TR AR ATE, 5 SECHT TR, 565 BE AR AL 5 17K 5 v iy HYRE K SF- 25 UIAR OG 38 3k I
TPE-40H (1) ATE 58 BE nl R K i b MR B o Al T SOBi Wk B R pH{BLLA S S O I T 45 2. 7E
T AR AR D5 AT FEY S (A 291 LA 1.0~2000 pumol/LL, K HEBR A 1.0 wmol/L 4R J7 35 B FH - 1L 75 B
sty PPV B2 ORI, IRDCR 0 93.7%~106.4% , /i T RUAFA SEBRR I, A7k oA v o FY Rk o G ) 2 4t
TR

KA W JOLKRI; REFTIOL; SRR 7 THRE

PR TREE A DAy — e AR ) 3 M By Jo , Pl a2 BB e 1) S0 PP 6T T4 DNA R 1 B 32 0k, T el
HARRIEVERIIRE , I BOA A — R R TR A ARG . RERGEAOINE REH 2
HOWE BRGNS I I AT o | S I, 2 R A I, AT S0
A B LIRHE  BEEAET P RESIET K, 35.0%~40.0% W EEA R (1A FR /K Bk ) HAT AR A 5 7 ik
PE TR B2 b FAVER BRI AN A SR AR [ 5 70 Al T R IERRh 1T s R A, LA RAE B i 105
TR AR P TR K RS | 3 K45 R it B s I A o 40 KA v A e i 3o
BT S AR . FEAIRRL 3R PASO BigfA T, PR Y Rl Ao S be 6 P 0 . T 7 2L K S A Y B4
A Bt AT S 2 R i S e 7 2 P R O ) 0 42 P8 S S PR A e 8 A ) 2 )37 7
At SRR YA SRR A, S Ao 40 SR 2 TS P S Ay Y e, sl e o A T e S0 S 240
L J A I AR 5 0 T P A o R R 7 PR TR P /P S 3 T B0 11 SR DNA 54405 , B
W ZARATYESR , AR ST BR AR , HL A RO b TR P ST . R, AN IR B B 5 e 5
PR AR S e A P A R ARSI 2 5 )2 O

VAR R T ARG 12 SR AR OB EE Y R ik SOk B kiR
NI L7 S 2 r RN oc7 X A 7 S | ik o7 SR SRE = 5+ 8 = 1. Z =y g ioal LN R [E R/ ea
FEE IR o BRAERT . ARSI E A (H TR, ks g BEERMEAL . R DL SO R A ]
A PR, T R R SO A DUV R R 85 2 B S S A 9 SO, I L

R T A (Aggregation-induced  emission, AIE)BIG EFE 7 EHIAE B0 FARES T LA 2,
TERGEIRAS T ZOERCR B P, HBE SR LI N T 32 BR (49 20 PO BEE 2552 BRAY 437 N iR sh g 71
ATE A1RHEAT DG R B A WIAR S PE RO GRS E M | RS ve IRME G2 560 TR BR  ZEAb 22/ A iRk . SOk
1% PGS T AEATUR R B B T 10T, LB ATE 23 T35 5 A 3% 40 (Hexaphenylsilole,
HPS) . PUAHEZJF (Tetraphenylethene, TPE) . PUZRIERESE (Tetraphenylsilole , TPS ) 1T AE 4 S PU Rtk
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W (Tetraphenylpyrazine, TPP) %50 Pan 22U 48 7 —Fh LT NEIEMRRSEOEIEA (914 (PCBI) , AR
FHE W EEHEERE-7K (1:9, VIV)IRS IR R h RIS 0 ALE 0N, XF (N, Hy ) BA B A B2 iy, AT
FHTFAGM KR NoHye Liow 25 2 R & T —FhIEFPUZEIE 2 5364058 2 W (TPE-PEG, ) M- FRDRS
M EEAREZEY, T PEG MIEER APPSR IE b, {15 TPE 43 el 32 2IBR ], Wos t ATE F#i,
AT FIPEAE R . Li SR8 T —Fh & TPE B9 KSR (TPE-Trp-Pro-Gln-His-Glu-NH, ),
Heauzdtee . AYREIS . ATE 0% R4, vl TR s He™ AR gasm . Bar, Ba —iT
ATE JFUHURG I F RS (BT 4R I8 . Wen 2524503 T —Fh LT & ToRIE 1Y ATE 384, RS P&
5 R A R RS I S AS IR . Zhao 2512 TR & T —FhIE T DUZESE M5 1) ALE 47%F il 1 2-aza-cope THE
JSE SRR A5 PR S 4 BG5S S0l T — PR T K P W — 28 e e e AL e B R
YIRS, ) HE T RN 10 b IR - 23 M0k IV e S A =2 ) P S vz 7™ A ATE RN, SE BRI %) F R ARG . 4K
1M, 2R FH o3 T 25 1 B ATE 433 R DU A A B 1 ) i H AT/

2 J¢ Ay SV (Mannich  reaction ) WLFRIE (5020 BN, 2RI L C—C A [R] I AT I i C—N 6
I PR o ZONAE R G & RAL G R B Sk 8w i R AR (B . 24) S50 Tk
B R 55 M i R BT A T R B R SO, AR A G- E LAY (WK 2 e AR, BT T2 A
EE 71 DRSS T A F D G R e el - G RO T 0| S N TR NG RS (. B 81 B o Y A e e s i L e
Wy () /RN & 3% AL CH—IAL A nl 2 5 0 2 . AW SIS T & & R E 2L MY ATE #1
B FEFREPU IR FE 2445 (Tetra(4-hydroxyphenyl ) ethylene, TPE-40H) , H43F25 ¥ faj B, (H DA Z a5 0
W RERE T 4SS A RN B T ALE /3Py “IRe” AR il RO A REERTR
(TR -1 E % HE AR . TPE-40H AT 2By B2 L AR AL TG A A, PR & 2R Ak &9 BTA &4 4 4R
JHe BT RE A5, R ] TPE-4OH . HEEAN BTA =443 “—835" , P i H 5 BTA 19 4 oA
VAT 2 07 A ST e TE B, SR 5 -5 TPE-4OH 1128 193 35 A1 [ B it C—C g, i ik 2 Je Ay O A il 21~ 2
JeF. AN, TE AR AT B TE TPE-40H 43 F B 2 3L AR 1Y BTA ) 222K il 5k (4] n] 4k 42
WP ARIL A HE TPE-40H 4311 i By Bk A1 % A 5 JE A R, 1 TPE-40H 731~ 73 M A2 iR
R3S HORI oy g a2 BIRR I, AT & A ATE 800, i & O65m BEAS 2R KT, iR & TPE-40OH
HIBTA MREE—E I, ALE 98GR S rh SR BEAH DG, PRI 3l 5l it ALE 0o B AT Sk s W
S RN J1)AER g ialll 8

1 SEIGERS

1.1 XFE5KF

Nicolet iS50 AU B AR 2T AP AL (92 PR KR BHEAF]) 5 Avance lTHD 600M AU R
WAL (FEEAGE LA ) F-7000 BI9EOEEEEETF(H A H S B AR A ) .

1,2,4,5- AP0 Eh iR Eh (BTA) . WAL (THF) | 4,4- 83 "R ER . LM . BRZET .
BEMT (Zn) . KyCO5. TiCly. MgSOy. HoSO4(At5t HRMEHE A ARR A F] ) 5 —H HSFAR (DMSO, b 57 4 [+
EBRAEYRHARRAE]) s ZHIER-ds(DMSO-dg, KRG RN R L0 AR ), PR, FrER . oK
FEIGERR =41 . Na,HPO412H,0 CREER 2250 ) 3 NaH,PO,2H,0. NaHCO;. NapCOs () Ak
R MeA g (B E AR A R W) ) o B AR 1 28 23 p 45 52 36 Y K Sy i Al K
(18.2 MQ-cm).,
1.2 TPE-4OHHI& R

SR 29 17514 1 TPE-40H .. ¥4 TiCl,(0.8 mL, 7.0 mmol ) 1 Zn #5(0.9 g, 14.0 mmol ) il A %]
35.0 mL Jo/K THF B A SRS TR 2.0 h, FEANA 15.0 mL % 4,4 -2 8 (1.5 ¢,
7.0 mmol ) A JC7K THF , AT RAE AR FARZE 1R 4.0 he ARG HAIZE 25.0 °C, A 10.0%
KoCO3 ¥ (50.0 mL) Y JBIZUE 4K 5.0 min J& , FIIFHESE 3828 5 B BR 20 B RIS Y . EEA AL
2, R T (25.0 mL) ZEBUKZE 3 I IERA U, T FHER K ZEBREA 3 Uk, A HILAE FHIEK MeSO,
T SRR R FAN, DIEC K-SR R (121, VIV) BRI, A A A R 24T 24k
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WA B 1 6724 TPE-40H , P23 85.0%
1.3 #F$TTPE-4OHA MK A il H AY R ES

B 10.0 mmol/L. TPE-40H & (DMSO “AiA7)2.0 wL #1 100.0 wmol/L. BTA %4 500.0 wL., RAA,
HA 100.0 pL AFMEE (1.0, 5.0, 10.0. 20.0, 25.0, 50.0. 100.0. 150.0. 200.0. 250.0. 300.0.
350.0. 400.0. 500.0. 1000.0. 1500.0 F112000.0 wmol/L) ) F W, FH pH 6.0 AUBEER 2% 1AM (PBS,
1.0 mmol/L)Fi B E 1.0 mL,IRA), TR FIFE 1.5 ho DAL SL AT, AT 3 K. Ak
BN 290.0 nm, AST SR FBREE GERE 73310 5.0 1 10.0 nm.

2 SRS

2.1 AIER$THISEHIRA

FIHLLAMGIE . AREARE S (NMR) X4 0 TPE-40H 4> FHE1 T RAE . ZLAMNEG U 1A iR,
1608.8 il 1510.6 cm ™' Ab (3 I F 35 FIA ) C=C 48R 3N, 829.9 cm™ A% IT T A M C—H
MBI 3h , 17 55—~ BEAE 3390.7 em ™' b ok A B BB M4 R 3. "H NMR 3% (/&1 1B)
6.73~6.68(m, 2H)F1 6.50~6.46 (m, 2H) AL AU A T35 F 15 511~ , 17 9.21 (s, TH )AL 804 Ry I 2 B AR R AIE
., C NMR 3% (/9 1C) 2 W55 F i (O RRAE (5 5 7F 155.33., 137.66. 135.04, 131.92 1 114.47 ppm
RO, X BELE LRI I A R T TPE-40H.,

o 90 . =
| a HO_S OH HOQ e OH
2 QLD U
2 6ot : A
g HO O @ OH HO O O OH
é 30 I 3390.68 1608 X 3 b“ ¢ ‘ C b
E ol O 1510.60 il il A J.‘LIL l
4000 3000 2000 1000 9.5 7.0 4.5 2.0 160 120 80 50 20

Wavenumber/cm Chemical shift/ppm Chemical shift/ppm

Ell TPE-4OH 43 FASHIRAE: (A)MHEMARLIIMES; (B) 'HAZRRISE ; (C) PC R
Fig.1 Structural analysis of tetra (4-hydroxyphenyl) ethylene (TPE-40H): (A) Fourier transform infrared
(FT-IR) spectrum; (B) 'H nuclear magnetic resonance (NMR) spectrum; (C) “C NMR spectrum

2.2 TPE-4OHZ FHIT L4 1E

TPE-40H /3T i5ECHE BN 2A SR, 7 220~260 nm JE I, 100.0 wmol/L TPE-40H 1& pH 6.0 f4
PBS 2% M H A & S i o B BRI I R, Mk KR 260 nm B S LR R A9 i
(B 2A #thZk c); 7E 280~320 nm J[EIN , BEE WO IE N, TPE-4OH B2 A T8 BE 52 KR T B
Kt TPE-40H MY RAEBUR KN 260 nm , 7EIZ IR R T, S AE R FHEK 7 400 nm. 4015l 2B iR,
TPE-40H MR FUR SHEIE X FR T , A5G 95T B0 FHIE
2.3 TPE-4OH3T B EE Y S M fZ

24 BTA fA7ERT , %48 T TPE-4OH AYZ X T H BRI N o VA H A7 BTA (K 3A 4k a) , 5%
BTA 5 TPE-40H (8] 3A #i1£k o) IR G W, /K RTE 320 nm A ZOGIE S AR R 55 . 5 2.2 WPk iz
(100.0 wmol/L ) i} 5 30 H B 1 A G BUR S A 1, TPE-40H 7EAIRHEE (20.0 wmol/L) I & %4855 (141 3A
HiZE b) . FH R FINAE] BTA 5 TPE-4OH SEAAR R W 1.5 h J& , 7E I K 320 nm b UREZ 3| —
A5 B SEOG& 0 (18] 3A M4k d) o AHE T3 A TPE-40H 43 F , (K R i e AR KR8 28 290 nm
(& 3B 2k a) , FHI B AR K S K A8 2 320 nm (181 3B 12k b) . SRINBRERZE T° (B 7775 0.55, %K R
0.05 mol/L HyS0,,) B M E BN TR Y | RN iR 96 G Trm 3 i 0.21 H5% 0.55,

FEAEC IS B R AT BB TPE-40H N 4 AR IRl I U H e O3 TIB AL IR #4078
IR AR EE s HoA & B R AR 2RIR 0 B i ieRs izl T DR S e R A S
[ HEREY  FEL TPE-40H PGS, LB AR LG; MAFEER, 5 BTA 40T 4 I 5L AR I8 A T i
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Fig.2 (A) Fluorescence spectra of TPE-40H with different excitation wavelengths (a—f correspond to 220.0,
240.0, 260.0, 280.0, 300.0 and 320.0 nm, respectively); (B) Fluorescence excitation spectrum (a) and
emission spectrum (b) of TPE-40H
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E3 (A)ANFERMAKRE (a, 1,2,4,5- KWL IHEEREE (BTA); b, TPE-40H; ¢, BTA+TPE-40H;
d, BTA+TPE-40H+H ) 199661, BTA . TPE-4OH FIFF ISk 435124 50.0. 20.0 F1 100.0 pmol/L;
(B) & Je A SN ) R AEDOGHUR DETE () FUR SIS (b)

Fig.3 (A) Fluorescence spectra of different systems including (a) 1,2,4,5-Benzenetetramine tetrahydrochloride
(BTA), (b) TPE-40H, (c) BTA+TPE-40H and (d) BTA+TPE-40H+formaldehyde, and the concentrations
of BTA, TPE-40H and formaldehyde are 50.0, 20.0 and 100.0 pmol/L, respectively; (B)Optimal fluorescence

excitation spectrum (a) and emission spectrum (b) of the product

A e A B S TPE-40H By L 4R 1L, A= 2 Je i s 7E W BAS T B HWife TPE-40H
I3 F BB FR LB BTA 19 2 AR R A SURT 58 h AR (%) TPE-40H 43 F 2R B 3 A & AR 2 8
i AL, PR TPE-40H 43Tt s 43 BUR S FE AR RS . XFME LT, TPE-40H 43T 1R IR 3 Al N
BESZ PR, Wi T AR ST RE %A% LUk T TPE-4OH AR T & el . PRI & I 43T i
5 (RIR) 274 ATE U2 (10 3325 M52, R FH TPE-40H . RS BTA “—5Ruk” 724 ATE LA M HLEE
K 4 s
2.4 HWMEERRK

T BTAWREE | VWK R pH (B AN R At [i) Xof R AG I 9 52 0 . 7F 2.0 L TPE-4OH %)
(10.0 mmol/L) % 100.0 pL FEEFE I (1.0 mmol/L) IR AW A 100.0 WL ANFRBERY BTA ¥, 12
JARiBERE 1.0 mL, %28 BTA WRE AR . WA 5A TR, 7E 0~200.0 wmol/L ¥ Ll N, Bl BTA ¥R JE %
WA I, AR R AE 320 nm Kb AR BE SRR ETIE N, 2 HVR KT 80.0 wmol/L 5 , %R B 5 T2 ¥ Uk
/N PRIE, 35 80.0 pmol/L BTA #AT/REECH0 . VSR AR AN TS5 M = JE A O, 38 ‘B I R P 4% 1
A1 T8 Je A5OSR EAT 3 S 2t 31 (161 SB) W, B8 A TN 7= W) i 6 i il 25 14 &R pH (H
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Fig.4 Schematic of detection of formaldehyde in aqueous solution using fluorescent probe TPE-40H based on

aggregation-induced emission (AIE)

AN AL, 7E 320 nm &b 55 B A8 A B 5, e fE pH=6.0. S0 B[] A s 8] SC s, B
(100.0 wmol/L)i%5 BTA(80.0 pmol/L) 5 TPE-40H (20.0 wmol/L) & Az 8 Jé 7 e i, Fer=#I7E 320 nm AbFY
YNGR I S0y B[] S T8 38 58, 0T S I 32 3l g 245 il o S SO AT 290 min Ji5 , BTG PEAT)
AERFAERL KT 25 B3 FYREAGIN f) -4 JELe) 152 F 1], 5 BTA (3R BE 98/ % 50.0 pmol/L I, 320 nm 4bHY
B JBE Bt S o7 I ) 22 K B R340, 7E 90.0 min J5# T 2% (18] 5D) , H 5865 B A8 L B /N T

0.02% £33 SERT I Fr) 2R B30 ARV DU B 1), F 52 ST 300 1) S5 N B[] 32643 90 min

1.2 6.0
A
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2 0.4r 820}
2 L =
k= £
o 02 d
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C "
=18 . ~ .
- 360 e
MO 1.5 ..l NCS
E 1.3 " - % 5.0 ]
2 Lo o Z40
E 1.8 g
= 05 = el
. [
0.3 L : : . : 2.0 . R P v g
0 50 100 150 200 250 300 30 45 60 75 90 105
t/min t/min

K5 KR RTE 320 nm ASOEHRE S (A) BTAVREE . (B) ¥ pHAE . SAIE ((C) 25.0~290.0 min
FI(D) 30.0~100 min) I3 2 , TPE-4OH F1 B B 43¢ B 43314 20.0 A1 100.0 wmol/L

Fig.5 Relationship between fluorescence intensity of detection system at 320 nm and (A) the concentration of
BTA, (B) different pH values of the solution, different reaction time (C) from 25.0 min to 290.0 min and (D)
from 30.0 min to 100.0 min. The concentration of TPE-40H is 20.0 wmol/LL and that of formaldehyde is
100.0 pmol/L
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2.5 HREMEERN

ERAETIR ST, B TPE-40H ¥ 20.0 wmol/L, BTA #J¥ 50.0 wmol/L. pH 6.0 A% i 52 )i fif [A]
1.5 h, SR AR D7 WA A (] B2 ) PR, A 2R 7 320 nim A0 (9 2\t 5 2 T 2 YT AR B ) 345 o i 328
PSR (] 6A) , I REHE BE 43 WIHE 1.0~100 wmol/L F1 100~2000 wmol/L YL N , 55 G0 B 2k PE ¢ &
(I 6B 1 6C) , etk FE00 5K y=85.329 + 0.426x Fl y=54.830 + 0.739x , #5505 %4 0.999 £ 0.998,
KR (30) M 1.0 pmol/L. IEH AL , AR P Y S M I 9 50~75 wmol/L=) 24 i R 285 BE i Rl
AFERRE 10 A5 )5 , FCFH IR AT e AR vk ARG R IR PRI AR D ke EL A G D0 A e i v P R o 2 14 7 P
w1,

1.8 13 = ¥

~ Formaldehyde — i
5 151 2000 pmoi/L 312t y285.329+0.426x
& ' o R?=0.999
e ii9s | 1 umol/L ”9
X < L1}
= =
>, 09 >
Z Z 10}

=]
806 £
=1 3=}
% 0.9
™ =

0.8

0 20 40 60 80 100
C/(umol/L)

y=54.830+0.739x
R?=0.998

0 500 1000 1500 2000
C/(umol/L)
Ko (A)MRKIAIF A B P EEAIZOOEE; (B C) 320 nm AbFOE5R L5 SR BE Y OC R It &
Fig.6 (A) Fluorescence emission spectra of the detection system in the presence of different concentrations of

formaldehyde; (B, C) Relationship between the fluorescence intensity at 320 nm and concentration of formaldehyde

H T, S5 T2 ALE JF3EAS I K R %) B W B AR 520, A D i R FH S5 R T B ALE 43 F
PREY GBI ik BN LA DUVA R Ay PR v B TSR B TR . 5 R ARSI v
P 7 AR LU AR T i o B PR fie 5 2 AR S sl P (32 1), T SR S A A v vy H VAR B
2.6 FiRHGIERERME

LT AR RN RS AR . R M R P A 4 R I A R S B 2 B SE  1,4-8
THIRE . 4-( LI ) KA I TR R S R A 5 e ] 2 AN 5 SR 24 ARSI B AR, AR
Tk E e R W EE S BTA BR RS b RN, A O B OE B8, B 5 TPE-40H KN, 51 ALE 2
INF, DA SE B FE AR o DRIk | ASBIF S BE R K VA R rhR I i DL TR BT (2 . T L %%
M DR R SN BRI ) R TR R S

16 &4 TPE-40H (20.0 wmol/L) F1 BTA (50.0 wmol/L) i MR ZE 1, 43 5 A 100.0 mol/L f4 F
. S, N BESEE. ORHIEE . HAHE SN IR R A HA e Ry . dnE 7 B, AT ATE $5
B R e R T B IS T A5 M 2 24 BEXE N, ALE S0 BEB MR Ik . AN i . S5
AR AR NERERET , ATE 2GR BEARML . — 2 R F /K P BRI s 55— i T nl RE



K7 (A)RFEHEH BTA I TPE-40H A [RRESEY) B9 OEHE (a~g 200 0 HIE . CBE. TN
RS ORI . AR RN EARR ) 5 (B)FE 320 nm Ak /1, SOREIEE SR IE, 1A HE RIS 600
BE L A WEER PO B . CmE. N W ZSIE . RHVEE . A ATE DD R R i R 5
100.0 wmol/L; BTA. TPE-40H FJ¥& B 43514 50.0 £120.0 wmol/L

Fig.7 (A) Fluorescence spectra in the presence of BTA, TPE-4OH and different aldehydes (a-g:
formaldehyde, acetaldehyde,, malondialdehyde, decanal,, benzaldehyde, glucose and pyruvic acid, respectively);
(B) Plot of I/l vs different aldehydes at 320 nm. I is the fluorescence intensity of different aldehydes; I, is the
fluorescence intensity of formaldehyde. Concentrations of formaldehyde, acetaldehyde, malondialdehyde,
decanal, benzaldehyde, glucose and pyruvic acid are 100.0 wmol/L, respectively. The measurements are
performed in PBS (pH=6.0) containing 50.0 pmol/L, BTA and 20.0 pmol/L, TPE-40H for reaction of 1.5 h with
A=290.0 nm

200 o Mk = %51 4%
Fl KT BEAGHIN 75 vk U
Table 1  Comparison of different methods for detection of aqueous formaldehyde
ot R A ]
3y ;52\ | TN
Mjftfd S 1'7'%:“4 *)H:’L | Detection limit/  Detection range/ j[i?(
etho Sensing materia (mol/LL) (mol/L.) ef.
R 2 4-TRHFERE 3.3x10° LIXI05~11x10%  [10]
High-performance liquid chromatography 2, 4-Dinitrophenylhydrazine ’ ’
2 s ’
e G 8.3x10° 0~6. 5%10° [13]
Electrochemistry Nickel thin film electrodes
CiRlre CuO/Cu/TiO, &L " 5 s
) 2.5%10 6.5%x107~7.8x10" 36
Electrochemistry CuO/Cu/Ti0,; modified electrode [36]
R ERES 4-ZFE-3-JPFHE-5-Fi FE- 1, 2, 4-DK =1k P 6 5
4.3x10 6.6x107~4.0x10 37
Colorimetry 4-Amino-3-hydrazino-5-mercapto-1, 2, 4-triazole [37)
eHh-AT WG SRS f T 41x10° _ 9]
UV-visible spectroscopy Ortho-Amino aromatic azo dye ’
=) AN ERRAL I3
%Eigyi}ixﬁﬁgj‘/tlu ) %E’Wﬂéﬁf 25><106 5()><106 ~16><104 [381
Surface-enhanced Raman spectroscopy Silver nanoclusters
PUSPIENEN VAN e =
fe 30tk R 3.3x1071° 2.0x10°~1.0x107  [39]
Chemiluminescence Hydrogen peroxide
Bl N W
IOtk AL 1.9x10° 0~3.0x10°* 40]
Fluorescence Hemicyanine derivative
P 1, 8-ZEW I e T
Ik , SRR ) 1.6x10°° 0~1.0% 10°° [41]
Fluorescence 1, 8-Naphthalimide-hydrazine
A S Ry L 2 B E A
Jekis Ry e e a0 3a0tamag®  [26]
Fluorescence Hydrazino-naphthalimide/chitosan
S NI AIEL 1 10t Lontamg FTIE
Fluorescence Tetra(4-hydroxyphenyl)ethylene ’ ’ ’ This work
3.0
A
= 1.0
S a
S 2.0 F
z
Z b S
2]
£10f &
=
3 c
) d - e @
0.0 —.Z 1 : I
300 320 340 360 0.0 N BN == R
J/nm b ¢ d e f g
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M TRy F4E i 7%, 2 5 BTA Al TPE-OH & 4 2 J8 % I iy i 37 25 [l 45 B ok . iR &
YT ATE DGR . LREAFAE— 8 (RN 12 8 2 X S A et i r PRI I 58 AN 2 368 i
BT, SOE T TR R, LR R O FEL ORI SRR A =2 B IR SO P R R R
B 2T Bl S — 2 A R e R R IR . PRI T S AR h g 2 B i T 2
AT, SR R A 7 3 A T S B it o B AR B AN B ] 2208 SRR 52 o TR UG, AR O v A DU FE R AT R
SRibpuEE o
2.7 LERERSHT

FHAB AL ACK IR 4~ LIS FE S AR BE 10 4%, 7500 250, 500 A1 1000 wmol/L FFEE , SR A 5 b4 7460 | 45
WRLFE 2, 3 AU EEAKE B AR ISR TE 93.7%~106.4%22 6], AHXARAEMm 2% (RSD)/NT 10.0% , 2 AT
5 FH RG0SR i i B I P LA A v A P R A g A T B | EL A I ARG T 1 375 i B I )
.
2 FETTPE-4OHIRET I or I I 6 it v HY o B
Table 2 Detection results of formaldehyde spiked in serum samples by TPE-40H probe

R TMAYRZ LioRllbdE S Ml ARXT BRI 2
S, DL; Spiked/ Found/ Recovery/ RSD/
ampe (pmol/L) (pmol/L) % (%, n=3)
1 250 266 106.4 8.6
500 470 93.9 75
3 1000 937 93.7 4.7
A
3 it

BT e St AR A LT —Fh S T LAY ALE #8%F TPE-40OH., F|H TPE-40H
HA LA BRI TR RN o . B TR A Y BTA & 4 DRI B4R, R TPE-40H, !
BEHI BTA “—443E” it & Ay OV 5 IS TPE-40H B4 SR T INIZ S Z R, TERES TI
W5, e ATE BN . FERAESCIR AT, ATE 2 i Bl FF v F5 1 I i 38  , —8 FE 8 o i vk 1 5
(1.0~2000.0 pmol/L) N2 R AF IR K BR A 1.0 umol/L. SEERZE KM, ATk kil A R
UF AR , LA B AN T HOAGIN | X6F I T A it v P e 2 1 00 e EA 5 e %) S PR R
TR AW AR, PR T AW oA G RIZ W | 7 35 0 R AR P PP A i b B R A1
N FHVE RE
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Mannich Reaction Based Aggregation-induced Emission
for Fluorescent Sensitive Detection of Formaldehyde

WU Jin-Dan®, CAO Ying-Zi*, CHEN Kai-Xin, ZHA Yong-Chao, LIU Hong-Shen,
ZHOU Ping, LI Nan'
(Key Laboratory of Biomaterials of College of Guangdong Province, Depariment of Biomedical Engineering,
College of Life Science and Technology, Jinan University, Guangzhou 510632, China)

Abstract Formaldehyde is a kind of colorless and odorless carcinogen that can cause many diseases. It is very
necessary to develope a simple and sensitive detection method for formaldehyde in environmental monitoring,
toxicological assessment, clinical diagnosis and medical care. Herein, a new fluorescence detection method was
developed based on the aggregation-induced emission (AIE) effect for aqueous formaldehyde. An AIE probe of tetra
(4-hydroxyphenyl) ethylene (TPE-40H) was synthesized, which could react with formaldehyde by Mannich

reaction in the presence of 1,2,4,5-benzenetetramine tetrahydrochloride (BTA), causing an obvious enhancement of
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fluorescence of TPE-40H. Due to the fluorescence enhancement of TPE-40H related to the Mannich reaction and
the concentration of formaldehyde, the detection of formaldehyde in the aqueous solution could be realized by
measuring the fluorescence intensity of TPE-40H. By optimizing the conditions of reactant concentration, solution
pH value and reaction time, the linear range of detection of formaldehyde was from 1.0 pmol/L to 2000 pwmol/L,
and the detection limit was 1.0 pmol/L. The results showed that this method had the potential in sensing/diagnosis
applications of formaldehyde.

Keywords Formaldehyde; Fluorescent detection; Aggregation-induced emission; Mannich reaction; Molecular
probe
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