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Synthesis of Triphenylamine Derivative and Its Recognition for
Hg?" with “OFF-ON” Fluorescence Response Based on
Aggregation-Induced Emission (AIE) Mechanism
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Abstract As an environmental pollutant, mercury ion (Hg?") cannot be biodegraded, and will accumulate through the food
chain and cause damage to human body. Therefore, it is of great significance to develop a simple and effective method for
detecting Hg2". In this paper, a novel triphenylamine derivative Thia was synthesized by a simple two-step reaction. Thia can
react with Hg?" specifically in hydroxyethylpiperazine ethane sulfonic acid (HEPES) solution and release the precursor com-
pound with aggregation-induced emission (AIE) properties, which realized recognition of Hg?" with “off-on” response. Thia
has good selectivity and sensitivity for Hg?", a wide range of pH, and the detection limit of 63 nmol/L. In addition, Thia can
be prepared into invisible ink and is expected to be used in packaging of anti-counterfeiting. The test paper loaded with Tbia
can be used for qualitative or roughly quantitative detection of Hg?", and Tbia can detect Hg2" in real water samples as well as
image of Hg?" in living cells.
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ZHBEA AIE Y, HM, HA%% 7 Thia 5 TCHO
1) AIE ¢t 78 B 5 /K & 2380, Thia 1758 658
FE A BRI, T4 £ 7E 80%~ 100%1 [H P,
TCHO 7£ 510 nm &b H A 5H B1 SL IG5 (& 1a). HEOG
PB4 KIS P ) TCHO Al Thia B, A DL 2 5]
TCHO A — 4 W52 MIEEK, 1 Thia %A k(K
1b), BiH] TCHO JERk T R EM:, HARLFH AIE E7,
I Thia 7EAIKHFAT) & FIFBOIRES, A KA.

QNO

AIE on

HO,
/B—@—CHO Q
HO
Br N
Pd(PPh3)4/K,CO; @
2

) o -

AV Wa

TCHO
O

HS/\)J\OH

BF-Et,0

Thia

BR 1 R4 Thia ()& ISR B Hg? HLEE

Scheme 1  Synthesis route and mechanism of Thia sensing Hg?"
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Figure 1 (a) Fluorescence spectrum of TCHO (10 pmol/L) in
C:HsOH/HEPES (pH=7.4) with different water content (insert:
the relationship between the fluorescence intensity (510 nm) of
TCHO and the content of water); (b) Photograph of Tyndall
phenomena of TCHO and Tbia in HEPES solution
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Figure 2 Fluorescence change of Thia (10 pmol/L) after adding
various cations in HEPES solution (inset: The fluorescent color
changes of Thia without and with Hg2")

1.3 174t Thia R8I Hg? B AE
T AR Thia ££ /8 He? ' FIRSUENE, €/ T Thia

T

322 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

€ SL56(1K 3). 1E Thia [ HEPES (pH 7.4) 22 %
IEAAS A #(0~22 pmol/L) i Hg?' J&, ¥ RAE 510 nm Ak
RATIRERE He? WRFEMEIMEREIE K, 4 He? WREIA
F| 22 pumol/L B, 587650 B HEACA AR, 15 B
Thia 7630/ 5 Hg? WK EAE 1~17 pumol/L 35 Bl N R
R 2RO 2R (R2=0.99303, K 3 WIEE]). &5,
Thia iH%] Hg? #MER A 63 nmol/L, F&H Thia 7
He?' BAB SR BUE. hAt, 37120 50K 8 Thia 5
Hg?' ] NATE 60 min N FEATERK, UiH] Thia iR He? A
ARAF I RGE . PLTHSEIe R BR T Fe?' Fed'.
Mg>"\ Pb?", Cr ' 5 — s THLAh, HAbE 8o fm, Ui
i Thia 5] Hg? HAT — & P THAES). pH S2mi s
W1, pH 7E 7~ 12 a4, Thia 1% Hg?' J5 % 6 i & 1
SE(E 4), #5Er) pH N FHYEFE TS Thia fEA201k R
il Hg?'.

TT T oI
6 9 12 15 18
[Hg**}/(umokL)

450 500 550 600 650 700
Wavelength/nm

B 3 Tbia {J HEPES AW (10 pumol/L)F A 0~22 pmol/L
Hg?" BI9¢ 62 LN 3 B Thia %G HEE 5 He? I B AILR 5%
#)

Figure 3 Fluorescence emission change of Tbia with adding
different concentrations of Hg?" (0~22 pmol/L) in HEPES
(pH=17.4) buffer (insert: the linear relationship between fluores-
cence intensity of Thia and Hg?" concentration)
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Figure 4 Fluorescence intensity changes of Thia and Tbia—+
Hg?" at different pH
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1.4 7%t Tbia iR3 Hg? #1318

T S 2 OIS RS Thia 1R5%] He? " HLELE
TR FIWT. ¥ TCHO. Tbia 5 He?' &85 FIAEU)
PLK Tbia [RIRF AR BT, 5 FRREAMT AT IS
8. RIURNLE AR S5 EY TCHO [ RAEHF,
UYiW] Thia 5 He? M AR T TCHO. ik — B RHEZ%
&MERE, 4 Thia+Hg? #4777 HR-MS TR, M 225
(1 m/z 349.1478 W] JHJE>N TCHO ([M]", TH5EAH m/z
349.1467). iXLLgE R IHE /K He? fih & Thia 44
TRl K AR, BBUH RTAMAY) TCHO, BT TCHO 7E/K
VR EA BEIE S R IGAIE)RURE, AT WLEE 3 B 22 1)
GG, FARBIFLEE I Scheme 1.
1.5 #R%t Tbia A FRaFEK

¥ Thia 7ER7 He? 71 f5 A W 10 5% e Bt AR 4k,
M HYE T EEA B, Kk, 260k Thia FF & BT &
/K. ¥4 Thia H ZBEAN/D 8 H AR, BEHE 10 min f5 753
BT SBK, KSR NRE R, FH 04T 35505 £F BHU
() N B O ENERE AR b, TERYE FEMHE N 7
BERTEEENE(B Sa ), 1E 365 nm KAMT Tl g2 3]
S ETOL(E sb ). KA E  Hg T,
PR 5] Ja 50T B0 & T ENTERE AR 1, R R IRAE
H% FHKIB R T EEHC(E 5a A7), MELAMT T g5
B2 R4 (0 BHU “ERE(E 5b A7), X264 & 8] Thia 7]
W BRI SRK, FH T4 B Dy s 2 587 O o it E .
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(b)

Bl5 Thia fENEIE SRR, EIERRAR B BHU T8}
7E H () FIEE A8 (b) T ENIZE
Figure 5 Application of Thia as invisible ink, the imprints of
the BHU letters collected on a silica gel plate under daylight (a)
and UV light (b)
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(K 6). 7%k Thia FIAALT RIS B2k, B%E He? ¥
TR P 30, ARG 58 6Bt R I (g 1) S 0
A%, Yi] Thia o] DA pAEHE R ACH T Hg? et
FH s A

Thia (umol/L) 50 100

B 6 i Thia WARPINFEIKE He?' JafE TR LM
(365 nm) AT T I T
Figure 6 Fluorescent photographs of test strips loaded with

Thia with different concentrations of Hg?™ under portable UV
light (365 nm)
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il 10 pmol/L [ Thia ¥, X5 11& HIEHEF A 0~
22 pmol/L 1) Hg?", MHRILTE 510 nm AL FE5RE. IR
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Bl P 2 R AP ZRMESC R (B 7), W] Thia R 7E %36
PE R He?'. eAh, RIFIARENRR FeR, g5 5
W 1 pR, WM He? WRE S5 InbR iR W 211N, (5]
WEAE 98%~102.7%JE I A, BEHH Thia W LA T4
M ESTAKRER ) He?', BA BT fwERf .
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Figure 7 Linear relation between fluorescence intensities of
Thia (10 umol/L) and concentration of Hg?" (4~8 pmol/L) in
three real water samples
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Table 1 Detection results of Hg?" in water samples using Thia

Sample Addedi Found{ Recovery ()%
(umoleL 1) (umolsL ')  rate/% (n=3)

4 4.11 102.7 0.08

Tap water 5 4.94 98.9 0.05
6 5.97 99.5 0.06

4 3.98 99.5 0.02

Lake water 5 5.04 100.7 0.02
6 5.95 99.2 0.01

4 4.01 100.2 0.05

River water 5 4.90 98.0 0.09
6 6.07 101.2 0.04

4 The experiments were repeated three times.

umol/L Y[ N 4l MIAF V& FATE 80% LA b, BRItk A 10
pumol/L ] Tbia FNKEEFIE AT H MG 7. ¥
MCEF-7 41/l 5 Thia /£ 37 ‘C F#¥ & 30 min, #R )5 FHBEER
SR MPBS) S 3 X, W T RATHES I A5 0(E
8). [a] Thia THALEE ) MCF-7 40 - IMAA R (10
30, 50 A1 100 pmol/L)fJ Hg? #t—F M & 30 min, K51
TGO S BEE He? VR BT IR 3 i i i 7 4
. IX L2 BLR B Thia Ref% 25 B 4O, W DU V& 44
W) He? AT 9O .

0 pumol/L
ng‘

10 pmol/L
Hg 2+

30 pmol/L
Hg2+

50 pwmol/L
Hg2+

100 pmol/L
Hg2+

FEl 8 H Tbia (10 umol/L)Tii4b¥E MCF-7 £}l 5 AN [F] 94 FE (0~
10+ 30, 50. 100 pmol/L)f¥) Hg? #5155 30 min 5B
(72)~ W AEIE() NS IEECE) 2L

Figure 8 Images of bright channel (left), blue channel (middle)
and merged channel (right) of MCF-7 cells pretreated with Thia
(10 pumol/L) and incubated with Hg?" (0, 10, 30, 50, 100
umol/L) for 30 min
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2 i

RICTFR T —Flopi B = K e 5 e 4R %r Thia, 7E4
KB PRI He?' 5 4t 1 5 8L Ja B TsOH mT i &4
TCHO, T AIE HLEESZEIN Hg? 9%t “OFF-ON” il
Al 5 G R Thia B R GF AR R B, T
Hg? ik PR A 63 nmol/L. Thia 7] il {F Bk 4%t Hg?
HEAT 2 M BRI, 7R RS S8 /K 5 TR A — 2 1k
A, Thia I RERTIN L SE/KRE FR 1) He?", G 20 i
Hg? BT R RAR. X Fh 2 IS TREHERR S I . Bith
PETAR AR G AT B A BT I N .

3 KRS
31 E5EHA

F-4700 % Y643 Y6 6 FE i1 PHS-25B A pH if;
U-T1810DS H4MrJe T, Agilent #ZHIIEARIEHEAL
(400 MHz). 4-1& =R i 4-F I EERINER DU (=R 10%)
B BRERER. WO, DU, 3-SEENER. = ALl
CBE R PRSI B 2 BRI R A IR A
(2T 5 ), Ak B .
3.2 k&Y TCHO HIA R

B 4-IR =58 mmol, 2.6 g). 4- FEEEIRINER (12
mmol, 1.8 g). PU(=ZKEE)H(0.12 mmol, 140 mg). ik
R 4#1(12.96 mmol, 1.8 g) IMA%EH 40 mL H1 28, 60 mL Y
SRR AN 20 mL K PR RBE . ASEE SR T
i 85 CHiE 16 h, HIWE IR VR, [N
SEAJEEIN 100 mL KA, A CH.CL AH, AHUERTG
JK NaxSO4 F-J. e HH i 77 fi P RE A (i vk 4lifh, i
i/ eV L V=5 T DAEBEIRR, 19 2A00 2% € [ 44
TCHO (1.62 g, 58%). m.p. 112.4~114.1 ‘C; 'H NMR
(400 MHz, DMSO-ds) 0: 10.02 (s, 1H), 7.95 (d, J=8.2 Hz,
2H), 7.87 (d, J=8.2 Hz, 2H), 7.71 (d, J=8.6 Hz, 2H), 7.35
(t, J=7.8 Hz, 4H), 7.10 (t, J=9.5 Hz, 6H), 7.04 (d, J=8.6
Hz, 2H); '*C NMR (100 MHz, DMSO-ds) 6: 192.94,
148.26, 147.13, 145.67, 134.92, 132.24, 130.58, 130.09,
128.51, 126.93, 125.05, 124.12, 122.80; HRMS (ESI")
calcd for CosHaoNO [M+H]" 350.1539, found 350.1548.
3.3 #R%t Thia BO& MK

FREL TCHO (350 mg, 1.0 mmol)¥& T T CH,Cl, H1,
LEVKIB P I T NN-—H FEEHFEf%(DMF) (5 mL)H
) 3-3 2L N ER(1.5 mmol, 160 mg)F BF;*Et,O &K, 1E
No (R PR AV IR 12 he JERBRIER], A
DB IR TS, HHLE 1.0 mol (Y HCIAIER KBRS, T
7K NaySO,4 T4 i th %715 FH MeOH/CH.CL, (V@ V=
1 : 40V EHE R T Alifh, 1923 A AE{E Thia (270
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mg, 48.9%). m.p. 146.3~148.2 ‘C; '"H NMR (400 MHz,
DMSO-ds) d: 7.60 (t, J=7.8 Hz, 4H), 7.47 (d, J=7.8 Hz,
2H), 7.32 (t, J=7.5 Hz, 4H), 7.14~6.97 (m, 8H), 5.29 (s,
1H), 2.78~2.71 (m, 2H), 2.68~2.61 (m, 2H), 2.51~2.49
(m, 4H); BC NMR (100 MHz, DMSO-ds) &: 147.42,
130.03, 128.48, 128.02, 126.63, 124.61, 123.71, 123.61,
52.11, 34.77, 27.57; HRMS (ESI") calcd for C3H3oNO4S,
[M+H]" 544.1611, found 544.1614.
34 EMMAEFARES

FA S 35 5504 R SR TC B T 7% 1 PH S TR VR B
Hg? Af: WERIFREL 135.7 mg HeCly [k, 780K E
AT 10 mL AR+, 75, #8251, 15350 mmol/L
() HgCl 30, FAhFH = F(Cu?', Co*', Ag’, A", Ca?",
Cd?", Fe?', F&*", K', Mg?", Mn>", Na", Ni?", Pb>", Zn2",
Ba? ") AR E 7 B, R 28K RE, RIS
BT T WP 1 B VA
3.5 TCHO A& S Tbia iFARAIECHI KM 54

AR R 3.49 mg (L&Y TCHO ¥ T — H B
(DMSO), E#HT 10 mL FEHEH, £33 1 mmol/L ¥
TCHO f##¥. HL 20 uL () TCHO F HEPES ¥ i# F
% 2mL, T AIE il

HEFIFR & 13.6 mg #R%F Thia 7% T DMSO, HE& T
25 mL &AEHT, BI43%] 1 mmol/L 1 Thia JRiK. HX 1
mL A 100 mL 2, F HEPES ¥&0E 4%,
SRR ESY 10 pmol/L HJ Thia ¥A¥R. Jeit kA Ex 5k
%554 2.5 nm, Em $t4%5: 8 5 nm, HJEHRN 700 V, A
PN 380 nm.

4B M &lL(Supporting Information) Tbia A1 TCHO
RAEEE, Thia 7E3FR/KFEH A He?' /2 Thia 4
PRSI S5 B PR, X e b4 ORE T DL S B AR T IR sk
(http://sioc-journal.cn/) I N %K.
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