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Abstract Hg/Hg(I1) is considered to be a highly toxic heavy metal to humans, and the preparation of new materials
that can detect and remove toxic Hg*" simultaneously and efficiently is an important support for the control of mercury
pollution. In this study, a sulfur-containing porous aromatic framework material (named LNU-19) was synthesized by
Suzuki coupling reaction, and its conjugated structure and flexible thiophene-linked fragment significantly enhanced
its luminescence ability, and the material had good porosity, specific surface area and high affinity chelating site
(thiophene group) , realizing the dual functional application of LNU-19 to Hg*. LNU-19 has excellent sensing

performance such as high sensitivity, good selectivity, good visibility and real-time response, and has an adsorption
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capacity of 121.3 mg/g for Hg*. In this study, the introduction of thiophene sites and the regulation of the skeleton

structure provided a new way to optimize and improve the preparation strategy of porous aromatic frameworks.

Keywords Suzuki conjugation; Porous aromatic framework ; Fluorescence detection; Mercury adsorption
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IR-Prestige 21 B £ 7} 3% AL (FTIR) , H A & H: 24 vl 5 AVANCE 111 400 %Y 4% % 9% I 15 1%
(Solid-state *C CP/MAS NMR) F1 Bruker D8 AVANCE %! X 5§ £k 77 55 {% (PXRD) , % - Bruker 2 ) ;
Su8010 A4 i Wi e (SEM) , HAS H 5728\ 5 JEM-2100 2935 5 f 2 6456 (TEM) , HASHL £
Hl 5 TGA/DSC 2 FRIRIMTAL , it AHEHE51-FE R 2223 1] 5 Quantachrome AsiQ-C RN BN , [
FRIE AN 5 L35 B A-AT L (UV-Vis) 23 66T, 32 Perkin-Elmer 24 F] ; CARY Eclipse %615
1, ZE 1 Varian 2 A ; Optima 800 Y B J8HH & 45 B -1 & SPEIEL (ICP-MS) , 3£ [# PerkinElmer /A 7 5
ESCALAB 250 % X JF 286 L F-REIE L (XPS ), FE [ Thermo /A H] .

1.2 EIEiE

12.1 LNU-19 84 &  LNU-19 B4 US4l Scheme 1 A7 . 7E 100 mL & FEBEHH, #5379 mg(0. 52
mmol)2,4,6- = (4-TRHHE)-1,3,5- =B 1350 mg (1. 04 mmol ) EWF-2, 5- B2 — 45 W Fi %5 % T~ 60 mlL
DMF 1, B S5 AT VR AAR B 5 1] s AR 22 FR b A S mL 2 mol/L Ak R 4 /K 7 (BRI BILIC ) A0
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Scheme 1 Synthetic route of LNU-19

122 LNU-19 #y % KHEaMR A T HR9E LNU-19 26 R [RIE I e ek BE , 2R K 2 mg LNU-19
AR T 5 mL EtOH, DCM, CHCL,, THF, DMF, ACN, Acetone Fl MeOH %5 8 flizs 7| rpr , 48 7 i Hidy
BSIA3EC, IR 375 nm (RGO EPERE .

F 2 B BE X RERISE A, FAFRELL 100, 200, 400, 600 F1800 pwe/mlL FHE BE 43 HAE THF
IR LR

LI ELL T HE 4w B X LNU-19 K000 He () T4 . &3 F4 0. 5 mg LNU-19%F 5 mL THF 1,
il £ 8 3 A [) T B (AR S . T B Y VR 43 S A 1 mLL 40 wmol/L 1 Ba™, K*, Mg>, Ni**, Pb*,
Cu™, Ag FIHg™ MI/K M, A LI 5] 4000, A A S v R B DGR T

$0.5 mg LNU-19 T 5 mL THF H7, LA 1 mL 48 wmol/L i) Hg® /K V¥ 5 ) FH AR 7 1 1 W 4 50
B, R 375 nm R GIR LNU-19 78 He 74 7E R 2 EMERE .
123 FR&RM LR 10 mL Heg ¥R (& EEVE A 5~600 mg/L) I A 10 mL3ZEGFEH, F 1 mol/L
HC1 8% KOH ¥ R 57 pHAE A 7, T MIA 5 mg LNU-19, [E3 A 500 mg/L, LA 1000 r/min 5% 3 5
24 h. FH—WHEVESTEFHIE T mL B3, £20. 45 wm K PEER L IEBR RIS, F ICP-MS 1l 5E s ik h ok
BT . RN B ERRASET, i 2SR R He B 25 4 (g, mg/g) -

=lazely (1)

m
A e (mg/L) NHUEHRE ; ¢, (mg/L) FEMrHe T s VL) RERAIRTL; m(g) MREVIR i .
124 %% K He brrEE TR B E 600 mg/L, 50 mLIMABERRH, 1 mol/L HCI 8 KOH %
TR pHAEE 7. BiJe , A 25 mg LNU-19, [ Fb A 500 mg/L, FHAREEBREBabh 25 15 LA 1000
o/min FEHEFE . 0 HIHE0. 16, 0.33, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 12, 24 F148 h I} fFH— W1 5
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SEAIL mL FJZHE, 280, 45 pm KAEE SIS | FH ICP-MS 52 108 PR B T IR | 3F3 1
AR R o Bsf (] LNU-19 % He* BB & . B, A 0— 2 8) 1124 7 #2 (Pseudo-first-order kinetics ) Fll
=205 1% 7 72 (Pseudo-second-order kinetics ) % W i icf 72 rh £5cdla sl AT PEAS FIALE . DATRSE WL B AL
AN Sh 72 e

In(Q, - 0,) = nQ, ~ k1 (2)
t 1 A
) 3

AP o Ch) IR T] 5 Q, (mg/g) Ay o IR U IR R 5 Q. (mg/g) Sy ik V-7 AR RS 5 &, (1/h) U — 4%
FONTE AR ko[ g/ (mgh) ™ DAY 20 S0 A< 8

2 GRS

2.1 LNU-19 & #HRIE

LNU-19 B FTIR K [ & 1(A) 15280, BAfA 2,4, 6-= (4-TAHEHE) -1, 3, 5- =W 7E 495 em™ Zb i C—Br
L WEWY -2, 5- T HIER AR EE AL 1417 em™ AL B9 C—B SR AE MR S 04 7 B A 3 FEIY 2 . KA, 7E 1184
em™ 2 AT F LNU-19 () C—S—C s i dadr shide , W1E R SOy & 5 i . il i [E44 °C CP/MAS NMR
HE—BH5E T LNU-19 19254 . 118 1(B) af UL, & 120~150 38 [l N =2 0 5 B IR 05 ke, 8 142 4Ky
SR BRRIE T, 6 169 A {55 0T Rl M W B, E—2BESE T E A B LNU-19.
T 0T LNU-19 (945 btk T oM R 3647 T PXRD 3% 43 Hr, Al WEEE] LNU-19 A5 1 55 (149 437 5 e
[E1CC) ], BaBIR RN o T 25, 12D R JR 0 B A R (AL e 2 (0] A A P 3 12 TE i B 2 4
My AS TR IRIXE . AE2 SR BN S “Clmin THESEE T X LNU-19 547 7 HEM . [ E1(D) Jaf L, B4
YrE SR AE s SRR RRE , 29400 CHFA TG40, 299550 “CHF A2 i, W] LNU-19 HA s i #k
FeoE e, X AT REIA PR TR I 55 5 HE SR A p S0 o 245 24,
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Fig.1 FTIR spectra of LNU-19(a), 2,5-bis-thiopheneboronic acid pinacol ester(d) and 2,4,6-tri(4-bromo-
phenyl)-1,3,5-triazine(c)(A), solid-state *C CP/MAS NMR spectrum(B) and PXRD spectrum(C)

of LNU-19 and thermogravimetric curve of LNU-19 in an air atmosphere(D)
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WAL, ZA R A RS E N . R E Y LNU-19 B9 T 280 WA DL (MeOH, EtOH,
THF, Acetone, DCM, CHCL, il DMF) H ¥ £z kb 3t
24 b, XRE A T DB 2L TRALTE , SRJS i LT W
AT AT 4. iR 2 A 0L, LNU-19 7€ MeOH,
EtOH, THF, Acetone, DCM, CHCI, #l DMF H 3% 1
Jei . YITE 1184 Fl 1350 em ™" A4b W22 21 E Wy i 4 A 0
1£ 1500 F1 1620 em™ &b Hy B = R IR R0 . 25 5L 3R 1,
LNU-19 7 _F A MU F R R AR R s i, A
MERIE T LNU-19 BAT RAF Ay fbefee v, ml i 2 ... L P
Ez:lﬁj%ﬁ:—l:ﬂqﬂjm 4000 3500 3000 2500 2000 1500 1000 500

1 i SEM % LNU-19 645 T 40400, & BIL vem™
ARSI g R [ AHE R B[ 3(A) ], £ TEM R
JH AT D35S 1 B A R i IR SR [ R 3(B)
FH LNU-19 HA F 5 1 ZFLA5H™, vk & 14
He 4 fit2s ] .

Fig.2 FTIR spectra of LNU-19 after 24 h treat-
ment under methanol(a), ethanol(b),
THF(c), acetone(d), dichloromethane(e),
chloroform(f) and DMF(g)
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Fig.3 SEM(A) and TEM images(B), nitrogen adsorption-desorption isotherms(C) and pore size
distribution(D) of LNU-19

Sy it—2B B 5E LNU-19 (FLIEHE T, 7677 K(p/py=0~1) 1 NSS4 T I T 0 - B 2 2%, 75
B TREWILB RS E . G5 RV, 16 0~0. 8 p/p, I WL BN, AT, W B 28 26 1 1 90 B Ay 38 K
G AR E BB 5 N AL 2RS4 (TUPAC) 402K, LNU-19 B TR MR [ 3(C) ], &
HZ RS HA N L, X WIRIE T TEM RAES5 5 . A AL R AL A T 2~50 nm 22 18] (1[5 4444
BE, BT LA AT LLgE R AR, SR TRe T, DR AR W BRI R R g R, kA
Al Sy el 2 B 32 bR RIS (NLDFT) 35 FLAR 40 A1 AT B8 IE LNU-19 HAG A FLE5 K, HALAZ EE A TE4. 7 nm
[E3(D) ], FLIEFLH 0. 056 m*/g. H4E Brunauer-Emmet-Teller /7 #23158.45 H LNU-19 #9 BET H R FR°
23.276 m’lg, AHXTEAKAY BET L 2R R AT G2 H )2 0] i Bl AL o B HE B 8O0 1k 58 42 345 LNU-19 1)
FLBREE. HAb, e A B 2R T S A B i (BTt /3400 o 10. 049%, R =F & A E o i
S He SRR B A o5 . BRSO SE R , MR ALIE & & S G O s A B F He fEHEZE N
PP BRI R
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2.2 LNU-19 X4 7R B4 i 2 R B g

K AR SN RE RSO EE T T LNU-19 (062= it . RO ILHIZ5F IA74E , LNU-19 5 R
YD EPERE, AN IS A FRAE 375 nm Ak (- 4). Xt LNU-19 ZEAR R, W EE N 250 wg/mL I
FIDENCIEREVEAT THIFSY, 45 R 2 W] LNU-19 78 THF H (28 650 B A sl T H e iwm (K 5). g T
LNU-19 5 THF ¥ 50 Z [8] r-ar #0EAE PG I R T H B . s R ik W 50 Rh 200 6 ikt et iy 2%
SEHREE A A, T H THF AR B i)

z —THF
< — Mgthanol
£ 600 :ﬁgégone
2 ~ Dichloro-
£ Ol
‘o 400 —Et{OH
3 —DMF
3
S 200
=]
=
[
1 1 1 1 1 O
200 300 400 500 600 700 800 400 450 500 550 600 650 700
Alnm A/nm
Fig. 4 Solid-state UV-Vis absorption spectroscopy Fig. 5 Fluorescence spectra of LNU-19 in different
of LNU-19 solvents with the concentrations of 250 pg/mL

2% LNU-19 ZER R FI P 1) R EHEREUEA T THFGY . 4 LNU-19 20 B A Fa R, B ARE
A A R 365 nm () S8 AMET BT, WTOULER A BRI AR SR A S BOUR LR L RN IR
LNU-19 76 A [al s 700 v 1 & 645 RN 18] 6 iz, LNU-19 76 THF H s H fese iR 4R 0, iE— 2B 003F 1
DTG TR

a b c d e f g h
Fig. 6 Photographs of LNU-19 with chloroform(a), DMF(b), ACN(c), acetone(d), THF(e), methanol(f),
dichloromethane(g) and etOH(h) under UV lamp
S INAR AR BE XTI CPERE RS2 25 SR R B, 7E 100 pg/mL W FETN | 203 B i i 9
AE(& 7). HT FRSIGAE R, LNU-197EHEE 2 100 we/mL THF FP 2GR BER g , DRI IS 225236 47

i S LR
1000
5 —100 pg/mL o 1000
RS —200 pg/mL :
z 8o0or ‘ —~ 400 pg/mL. S s00f
Z —600 ug/mL g
g 600f —800 pg/mL 2 600F
§ 5
g 400F 2 400
2 S
g 200t A\ £ 200F
= s
s 0 1 1 1 E 0 - 1 1 I
400 450 500 550 600 650 700 400 450 500 550 600 650 700
Alnm Anm
Fig. 7 Fluorescence spectra of LNU-19 at different Fig. 8 Plus mercury ions and fluorescence quenching
concentrations in tetrahydrofuran photos of LNU-19(a) and LNU-19@Hg>(b)

Tnset: photographs of LNU-19 and LNU-19@Hg*" in

tetrahydrofuran.
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76 LNU-19 #£ S W A1 mL 48 pmol/L He? K IE W, & B LNU-19 ) B 96 615 K 3k 3|
80% , FHAEAHE L AMRAT (A, =365 nm) HEGS T~ 2B AR 10 (E18). DL 25351 LNU-19 HAF
T (8 TR BE I RE % 2 MUK HE V5 T R 0 Hig™, e B L AT 1 S — RS He (88 R & . T
LNU-19 /242 sp® i £z PAFs MO H HA F 5 10 p SEHE M, (HHEA RIFM 5 6rERe, B2 S i+
Vi Rl 5 5 He i o7 T BK B, T~ M PAFs 6] Hg> $6 78 , X9 R s BRI E KRN . bR Seih s
RFEW, BT LNU-19 HA A FLEHE , oS A BVE AR T 3 & 0 T, (8] s 1 Sk 4 sp® ik % 42
PAFs MR, “F 5 1 p HEBE 45 S Ra e 3% B B e VB i 1) 22 FL5 AR (o LA ThRR I 6 R o, %o Hg™
HA REGEDOCAIPERE . LA, SEi 26 N B R AN He 5 LNU-19 B9 808 K K AE #5208 A2k
ST T B As Ak (& 84D, 3 i —HAIFSE LNU-19 ZER IS 7K He? 7 T EL T Rl ) & S i 5%

FERSER T R, He e 4R B I R A AE T RE S PRSI AL IR X R W S RE 7, XA
D7 A TR0 DRt Sl 2k I R B R T L AR X LNU-19 K He () T4, 452 3R
LNU-19 04 He? & A= B T 1 2 e K LI 9(A) |, BN He? o & — ks . X & i F Heg 552
WIAELESRAH EAE ], AATE LNU-19 %) He® BAT B U A e s Bk,

1.2

) 120 L®
09+
= 90F
e0
= 06 o /!
= E 60F = LNU-19
S I — Langmuir isotherm
03 30r —— Freundlich isotherm
"
)
0 0 1 L I I I 1
Ba?* K* Mg? Ni?* Pb*" Cu?" Ag" Hg?" 0 100 200 300 400 500
c/(mg-LY)
* [Dx
120 ] " LNU-19
4L = — fit LNU-19
= 90 ~ 2=(0.65
N Ol' R*=0.65501
5 = LNU-19 > 3r
éﬂ 60 o1l —fit LNU-19 Q
= ' R=0.99968 K=
QJ | | | 1 2 -
30 H 0 10 20 30 40 50
Time/h
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Fig. 9 Fluorescence response diagram of LNU-19 plus different ions(A), LNU-19 isotherm for mercury
adsorption(B), mercury adsorption kinetics of LNU-19(C) and first-order Kinetics of mercury
adsorption by LNU-19(D)

Inset of (C): second-order kinetics of mercury adsorption by LNU-19.

HI T LNU-19 BAFFEER AL | i WAL A RS PE AR I B9 S 45 50 5 55 8 e, PRI ok
t He ] RE AT RAFRY MR PERE . 2R, 105 ICP I E LNU-19 X AN [) ik BE Hg™ VA R i) W B 314 17
WA TR ER . SRR, W PN S IR TR Y- v B DI S B R PR B T, SRBH LNU-19 7Rk 2
T B B a0 W b aE 77, Hiam R & IA 3] 121, 3 my/g. S5 H B Z LM B L, Ul Fe,0,-melamine
based POP (96 mg/g) , Thiol-functionalized CNT/Fe,0, (65.5 mg/g) Fl Fe,0,-GS (23. 03 mglg) ' 4 |
LNU-19 HA % m WM RE ) . X RIS 09 1 A0 He™ W ISCRE I P UH DR FLBE | == 5 f i w3 ik P A
o T Hg i AR FLALIE D RIVERT . [RIIF, SR Langmuir BAF Freundlich BEBYXS SR & HEA T4, 45
F IR Langmuir B (L5 RORIET Freundlich B[ [K19(B) |, FRHH He AARFAIE BRI %207,

TEBE— I FEIN A2 A3 H™ W B A2 i s 2 30, 0 B0 30 LNU-19 X Hg™ 1415 B Bl et [l 484
s BT, FE 15 hik B AR, 5 Hg WA JC B A 9(C) . MRl g 27 ABlaT DL
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TR L FE , A8 BT B SRR . SR FHIL— 28l D1 2% 07 BN sl )2 Jr R P R R X 5 B
HAT TG . BI9(C)MEIFE 9(D) SRR, K zh J12# 8 R*>0. 999, S ERf HidiiA T LNU-19
XF He P AR R , 190 I LG R o6 e R g S0 (%) Ak W B, O ) T HE SR Wy W B 57 55 5 Hg? 22 [ A K-
PAHE AR,
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Fig. 11 S,, XPS spectra of LNU-19 before and after the adsorption of Hg**(A) and Hg,, XPS spectra of
LNU-19 after the adsorption of Hg*'(B)
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Fig. 12 Diagram of the detection of different concentrations of mercury ions onfluorescent filter
paper loaded with LNU-19
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