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Abstract In this work, spherical polymer-based fluorescent sensor with high sensitivity for Hg** was first designed and
synthesized. Dendritic hyperbranched poly(phenylene sulfide) (HPPS) with an average molecular weight of 10.910 kD and
spherical conformation was synthesized via one-pot reaction procedure with 2,4-dichlorothiophenol as monomer. Because of
aryl groups conjugated with sulfur atoms and dendritic topology, HPPS displayed remarkable chemical stability, fluorescent
and multiple reaction sites. It inspires us to employ it as a smart matrix to develop polymer fluorescent sensor. Through the
nucleophilic substitution and hydrolysis reaction, peripheral Cl atoms of HPPS were modified by NH, groups, and the result-
ed HPPS-NH, was achieved. The fluorescent sensor (HPPSNT) was fabricated by HPPS-NH, azo N=N covalently bonded
to small probe molecule Benzamide, N-[[[2-(phenylamino)ethyl]amino]thioxomethyl], which can react with Hg*"sensitively
and selectively, causing desulfurization and cyclization. The results showed that HPPSNT sensor exhibited excellent sensitiv-
ity towards Hg”, and can selectively recognize Hg2+ over other metal ions, such as A’T, Ba*", Cd**, Cu*", Fe’", zn®",
Pb>", Mg*", K*, Ag”. It was found that the decreased absorption of fluorescent signal intensity was proportional to the mer-
cury content concentration in a range of 2.5~100 nmol/L with a coefficient of correlation R of 0.9931, and a detection limit
of 0.46 nmol/L. The mechanism of high sensitivity was discussed. HPPS was rich in sulfur atoms inside, which has a strong
affinity for Hg?", Cu*’, Fe’", Ag", consequently, fluorescence of HPPS-NH, was quenched dramatically in the presence of
these ions. As the peripheral small probe molecules preferentially reacted with Hg*" via desulfurization and cyclization reac-
tion, it is by such reactions instead of by quenching to cause fluorescence intensity of HPPSNT weakened. The decline of
fluorescence intensity via desulfurization and cyclization reaction can be explained through the simulation calculation of
bond length by Gaussian 09.
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Figure 1 Synthetic route of HPPSNT
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BRI, 1601, 1560, 1450 cm ™' A EIRE 43R 5,
1265 cm™ 'y C=S MZEHR3NR I I%; 1246 cm ™' iy C—N
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Table 1 The elemental analysis results of compounds a, ¢ and d

Sample C/% H/% N/%  S/% O/% Cl/%

a 4741 199 0 2073 0 28.88
¢ 5401 418 477 2185 1092 427
d 5639 397 513 2402 940 1.09
1560 1365
' | 1096
HPPSNT 1g39, 1 4°%: wigg 81D
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B2 &% a,c d, e fll HPPSNT HI£04GiEE
Figure 2 IR spectra of compounds a, ¢, d, e and HPPSNT
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FEWIEEBC, B a KRGO, ED e, d K
EEAOEG. AW HPPSNT K (56, LEW a, ¢,
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1k.
2.3 HPPSNT 3t Hg*' IS e F 184 4E
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AE B Ay T TR 4 G ) 2 5 RS R IR S, LT
HPPSNT 7& DMF H1 75 e i s R 5 25 0.1 pg/mL {E
WU EE. [l 4 /& HPPSNT fEAN AR B He™ VA A AE
TR SR, WEHFTTLE H, LL284 nm L
RIF, HPPSNT (756 RS T 345 nm &b, He> Il
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B3 &% a (A), ¢ (B), d (C)R HPPSNT (D)5 WAMBE R &
(CF N ) Hihd B R

Figure 3 The images of compounds a (A), ¢ (B), d (C) and HPPSNT
(D) under fluorescent microscope and digital camera

BE% Hg® WM, HPPSNT 5% & 5f I 5 i &
LEVEIBIR. AL A d FITCER TS A HPPSNT f
FEE, WL BT EH 0.1 ug/mL ) HPPSNT Hi%
PN FERE A& 8 0.12 pumol/L, 451 2.5 nmol/L
ff) Hg™" (0.02 f% HPPSNT HeEF), BIVTJ 5| ke K 80 1)
BEA, £Y HPPSNT X Hg®" BA W i = U,
LR B TIKEILF) 100 nmol/L (0.83 1 HPPSNT ¥ J¥),
WK BTIESEE T 0. W 4 FTLLEH, 0.1 pg/mL
HPPSNT B 7K 15 ¥4 B 10 88 0 2 s IR S5 5 155 30 ¥ ik
g9, 1£ 2.5~100 nmol/L & [l L&A, ALl IR A
0.46 nmol/L (n=28).

2.4 HPPSNT 3t Hg”' #oiki% 1

BF 5% 7 HPPSNT(0.1 ug/mL)EAR[A 48 B TA7E R
fEREE. B 5 ZO%IMA 02 mL 2.5 nmol/L AP,
Hg2+, Ba2+, Cd2+, Cu2+, Fe”, Zn2+, Pb2+, Mg2+, K+, Ag+,
None %GR, MWEF AT LLE 1, AP, Ba*', Cd*,
Zn**, Pb*", Mg®", K & 58 PR & 5L POk 1) B34
PEAEAL, T Cu®', Fe’, Ag B T2 B EHPPSNT %t /L
TRk, Hg? ' 2xffif5 HPPSNT 2860 B 343 Uk 59,
RERE IR BEPEN H 1.

2.5 HPPSNT 3t Hg®" & R S R g9 H B i1i6

RN TIRANWEFE HPPSNT X 7K &5 - =y 28 S50 v 2 AL
H, /NS T e T BRI, B 6 & 50 umol/L e (1)
DMF AT R ()& He® 5 LA 200 nm A1 284
nm YGRS R STIEE. WEFITUEH, 75T e
WA W 9O R 5%, 400 nm 2247 LI 200 nm
BOR B EE. LS HPPSNT Xt Hg” HIE 1) 284
nm R AR N T e Fl e+Hg™ HIVEWR, tHis
B FIHBPOERSIE XRHPHT e WHRN, Hin
TR T 5 98 6 2 5 ik P 8 A I R ARk, E A B4t 1
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Figure 4 The spectra of 0.1 pg/mL HPPSNT fluorescence emission
intensity (A) and the linear fitting curve of fluorescence emission peak
intensity (B) with the increase of Hg*"
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Figure 5 Fluorescence spectra of 0.1 pg/mL HPPSNT with different
metal ions
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Wavelength/nm
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TR

Figure 6 Fluorescence spectra of 50 pumol/L e and e+Hg®" with 200
nm and 284 nm photoirradiation
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(0.1 pg/mL)ZrHIAMA 0.2 mL 2.5 nmol/L A", Hg",
Ba*", Cd*", cu®’, Fe’', Zn*", Pb*", Mg*", K", Ag", None
Mz ERE . W LLE H, BL 284 nm JelUR I,
Al3+, BaH, Cd2+, Zn”, Pb2+, Mg2+, K+%%%%ﬁ$%%l
EAAYT d 7E 455 nm K7t RS 3R 1 2 2 AR AL,
i Hg*', Cu*', Fe’', Ag' BT & SELEY d 5L
FEEMEK.

XFEEAREEIN T e L& d FIC &8 /AN 110
HPPSNT, &I HPPSNT % Hg® " HBL T #5435 Y6035 )
e, kY d 9e LT Rk, B
ANFEALHN 0.05 nmol. HBLIX FhBL % ) 3 R K] 2
HPPSNT 7 T WA KER S, i Hg'', Cu?', Fe*',
Ag'5 S #HERBRIILE A RE ), 1EEAE INEVN b FHRE
FAEMIE R, HE R Cu®', F&*™, Agt—RE&itt A4y
TGS TR S 4ih, BRIERAEEY, TR
e K. AH K FANEA R He® 1 57 & BB IR 3
HfAEmE, He'' 2w S N RIE AR, RAEM
TR IRNE, BRI 3 B s . TR S K T
A CASEHURAS I PR (0 J I8 B M S T B “ T
FER” B, —ANREHIN T RAE RN, feE N
SRR AW B RS RI IR oy PR UsAL %, 159
PGS BAEOR, WL RGN FRCR, 43R0
FRATLLIL#] 0.46 nmol/L, X [FEIREMIIRES (/N7 115 I
2% 1 pmol/L FASIIFRAE 2000 2 £,

NT WAL A d A HPPSNT %t Ag™, Cu®’, Fe’,
Hg™ ' P B 75 6ma B AN R 2 Ak, FRATRGI T 40 &4
d A1 HPPSNT ifi 53X PUFH B+ I N B3 b e e
(A 1k, A& d A HPPSNT i PO 4 55 7 I\ 3
T2 B ISR E B S4, S5, K 8 2 L&
d F1 HPPSNT [ifi# Ag®, Cu®', F**, Hg* i N &34 N
R EARE, WER LR AFRKER Ag',
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Figure 7 Fluorescence spectra of 0.1 pg/mL d with different metal ions
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Figure 8 Fluorescence intensity tendency chart of compounds d (A) and

HPPSNT (B) with the increase of metal ions Ag*, Cu>", Fe’" and Hg>"
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W 9 fr7s, BT HPPSNT K4 FRITHHE B 2 H %
B, BAVEE T Ko+ L84 EE T SR E R 1)
NG, BN T BRIRCIAHT S m Al n BAN/ NS T4
¥, 7E b3lyp/6-31g* B /KF T, KH Gaussian 09 F&/F
X FRIGREAT T, N T SHAFTE 2+ m Al n
m%m%&,%&m%%%&%%%m&%%%%%%
2R AL I B AT T 115 Gaussian 09 F2 /7 1H 5 45
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Figure 9 The optimized structure of simulated small molecules m and n
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— 5, Hor 7 RO RAEGOR G, #he SEBUx Rk 8 1
A7 e R, AR R AR ROR,. AR IR as A BB AE
BRI AT 22 .

4 SCIGERSY

4.1 BIUBEFRB(HPPS)@)BIAR"™

] 250 mL =TI 2,4- &R M (5.0 g,
0.028 mol), K,CO; (1.935 g, 0.014 mol), KOH (1.57 g,
0.028 mol). FERHHEAT, FHEREEEA 80 mL L
K N-FEEMEIE B BR(NMP). 4R RAE IS HnA, 28
P, FHEE 160 C, fRIERN 8 h. [N TEEEEAHI 2%
15, BN =P8N 200 mL 6 mol/L ) HCI &+, 7
AKEEMY), RZIEEE 1 h P2, KRR EE
TG BRI, S TRE A RER K R
WHRELA, 7ETEAE 42 ¢ KABHR. itk
84%. 'H NMR (300 MHz, CDCly) d: 6.8~7.6 (broad,
Ph-H), 3.4 (Ar-S-H) GZ#§5 5 Kl S6).
42 MCEEEERE(b)AIE K

2GR 45 mL Z808/K B = FOR A A &
FORRE(15.5 g, 0.125 mol), BRKIMEESY, H¥x
R R ZTRu IR, Yo, BEL 60 CEMA
LIRTT(18.0 g, 0.175 mol), HIGLENiBBIE Y. LIRET
— NN, fE AR B B AT, RO R E R,
15 min JG&5WRPHE. K RBADAE, BAEIE, H21
T [ AR A 5 FH K ORI 7R A TE BOK R B 2
BT 20 h, 528 GRARE A b, TZ: 90%,
m.p.: 150 “C. 'H NMR (300 MHz, DMSO) ¢: 9.91 (NH),
7.47 (Ar-H), 7.21 (Ar-H), 5.25 (S-H), 2.02 (CH;) £ 5
B S7).
43 CZHEE-BITURERE (C)HEK

] 250 mL = A A (b) (6.15 g, 0.037 mol), 20
mL Jo7K NMP, =i e i s B T ok .
RS, =0 EZ RN NaH
(2.205 g, 0.09 mol). ¥ a (3.0 )i T 10 mL 57K NMP
S RO S I B S S@IVA = Bl S OO () B Ws sk =g - B0 | R
B K= OWE s, ZETHEE 150 C, RER
Ri 10 h. RMSEEESS, #=PE N 200 mL 6 mol/L [#)
HCUEW Y, e K Eaimd, BIZIEE 1 h =il g,
MR ERIKGEGE T8, BBIKERR. HKEH K
KB TR CBES G, IR EERBIKEERK c
R 78%.
4.4 FE-BIUREREL(A)BERK

1) 5 A R ALV B ARG T 100 mL = PR H I
(e) (3.0 g), A 30 mL DMSO i H 52 43, 7 =l
I 12 mL 40% NaOH /KiEW. ¥ =1 UE T s
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o, RIZIERE, THRZE 90 °C, RIS 5 h RNV 5gEEe
JER I 200 mL EB K, HIUKEDE, 5~
YIikE, Yok, T, BRGEARER d R 70%. 'H
NMR (600 MHz, DMSO) 6: 6.2~7.6 (broad, Ph-H), 5.4
(Ar-NH,), 2.1 (COCH;) G2 #7155 E.F S8).
45 FKEBE-3-2-KEH]-ZETRE)HER

) 545 B 1 1K) 100 mL = R RN N-#3E 2 — %
(4.76 g, 35.0 mmol), 30 mL ZJE, fPE s 0w, ¥
7 F I AR EUBR R (5.71 g, 35.0 mmol)i&E T 30 mL &
i, BNEEBRREFFET =R L BRRmAES
=W, RANER, EFERTRIZERE, Gidih g2
AR B AR AR, Winscke, 48Rt 24 h K
PETEHE, R 28V 25 BRI AR B v RS AR, A T/
LR ZBE(V - V=4 WENVERIR, FERHEENT S
aifr, B, BRI AEEEE K e, IFE: 50%, mp.:
110 “C. 'H NMR (600 MHz, CDCl;) 6: 10.91 (CO-NH),
9.04 (CS-NH), 7.80 (Ph-H), 7.61~7.49 (Ph-H), 7.21~
7.15 (Ph-H), 6.76~6.68 (Ph-NH), 4.03~3.95 (CH,), 3.51
(CHy) CCFF{E BBl S9).
4.6 HPPSNT B4R

# d (0.25 g% T 5 mL DMSO H, B T UKiHiHEfE
Hoe s, mHEP I HERS(0.345 g, 5.0 mmol),
WEERR(1.25 mL, 15 mmol), kEEEUKIFHEFE 1h. e
(1.197 g, 4.0 mmol)#% T 5 mL DMSO 1, A 2
mL MEIE, B T oKig P35 £E 30 min. BFOKA ) d 2298 N
e 1, EINTEER AR SR RFF AR VKB RN 2 h, SR UK
B E IR 24 h. RN 5EEE, KR =R K
Ry, diE, B TEARE AR K. Bh RKEHNE
FiF e 4% Bk 25 R IR L SE A /Ny - e, PRI DR, HAE T
B 15 2R Aok K, ILE 60%. 'H NMR (600 MHz,
DMSO) d: 11.2 (CO-NH), 10.9 (CS-NH), 8.53~6.43
(Ph-H) CGCFHE B & S10).

4.7 HPPSNT B3 AIESLIE

7E 1 cm MIA BRI 2 mL 0.1 pg/mL HPPSNT,
ANERFER He? 7K 0.2 mL, B &5 G 1E 284 nm
ORI KT 5 5 e e
4.8 HPPSNT K d H3E3E0m R SLI8

HPPSNT 1M B SESG: ) 11 AN 20 51
AN 2 mL 0.1 ug/mL HPPSNT, #R/5IIA 0.2 mL 2.5
nmol/L A", Hg*", Ba’*, Cd*", Cu*", Fe'", Zn*", Pb*",
Mg®", K", Ag" K 0.2 mL ZUOKVENZS FEL; d RS
PESEES: A 114NN 239N 2 mL 0.1 pg/mL d,
SRIGIN 0.2 mL 2.5 nmol/L AP’*, Hg*", Ba*", Cd*",
Cu®’, Fe*", Zn*", Pb*", Mg*", K*, Ag" % 0.2 mL —¥kuK
YERN=E XSG
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