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Single crystal structure of 5,10,15, 20-tetrakis (4-vinylphenyl) porphyrin
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Abstract: Ionized mercury in coal is the most harmful to the aquatic environment among all types of mercury
occurrences and the development of new materials with both visual detection and adsorption functions is of great
significance for the environmental and health protection of the mining areas. The synthesis of the polymerizable
monomer 5, 10, 15, 20-tetrakis (4-vinylphenyl) porphyrin ( TVPP) allows for the selective recognition of low-
concentration mercury ions (mercury ion probe) while the soluble porphyrin-polystyrene-methyl acrylate (Por-
PS-MA) can be synthesized to realize the adsorption treatment of mercury ions, thus achieving the dual purposes
of recognition and adsorption treatment. The crystal structure of TVPP is resolved for the first time and the

crystallographic information file(CIF) file can be obtained through the Cambridge Crystallographic Data Centre
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under the reference number 2516002. The fluorescence titration experiment confirmed that TVPP exhibits the
strongest “Turn-Off” type fluorescence quenching when exposed to a tenfold quantity of mercury ions with a
detection limit of 19.5 pmol/L. The solubility of TVPP-based polymer allows for the visual detection and
adsorption enrichment of mercury ions which providing new ideas for the development of porphyrin sensors with
novel mercury ion recognition properties and offering a new solution for the treatment of mercury ion pollution in
mining areas.

Key words: tetrakis (4-vinylphenyl) porphyrin; soluble polymer; mercury ion recognition and adsorption; fluo-

rescent probe; single crystal structure

HHE 3¢ S 3 1] 1) 2 e RE IR BT IR (ELHRE I3 v A ) 5 T 38 0 E 3 ) 3 5t M A R T Bk . SR B AT IR A=
W ffg P o SRR L FEME RN T R B 45 B Y R OT R B BRI R IR P 51 AR R A 3 A R
A5 AR SRR o R BT IRAETE 2 AV MR TR e A 2K Al B R B K 11 R 4 T TS e R Uk
MK BB M T K S DS AR YR PR B T BRI e 25 B B A R B S R S, T DL I I Y R T
R 7 75 T B e R € 3 12 L P SR A S T AOR 5 1 DA R OO 1 1 A AR 0 AT kL JX Ty 1k
A O A R AR AR AELARORT 57 5 A A A ol 9 J5 e X L 6 2 B A bR T 7 £ 114 7 SR EL A B[R] I 52 B
TR T 1 B v

AR K FRAN R B 45 19 € 43 AT Tk EL A 4 1 o 1 L ) Ak S5 O 345 S bk 2 iy B v SR L 5 18
15 K BT G 5 82 B 280 0L ) M TR A U R G S A AR B T IZ MY . Beyene %I R YK
e DU b bk Gk R R BB SE IR K IR Cu®  Sn® A5 A R BT I R MR AR L 1 Chan SR DU 2 SRR
WA [T S T 49 28 R G AR R T AR T I IR SR S 1 I A G IR S B oK B A RO R A . (HR
MINBEK IS /N 7 SR T 7 TR0 AR 000 53 85 3 IR A A T DR R Al - — 2 ) T 49 A s oz k6 28 T ) A 28 A0 Bz TRl
B, 8 B/ T ERET B U AR s R SR BR TN R B A TR TG I S BN oK B A IR BT R B . O A kA
DN A 3 B 3K — R L A7 2 0 FF NI 25 M T A R 20 1 L BRAR T AR L PR 0 B S B B v o AR,
Salanitri 55 JF & T — il 3 FF L DA TR 0 1 1) A 1k DR FL Y& VR R B b R SIS B T X SR B T 1 R AR
055 e P S BR DI RE B JF AT L (H B A A A 25 RO T BU R A7 e B AG . Ih IR AL A PR A
) R L R S T W AR ARG A L (ELSR A 0 0 X T R P B T R L A R A B L R A A
AR R T BB A A R A RE ) 4 R 23 I SR WA B Dl d R

MR 3  A9 BETTJ2 9 4 G TRU0 ARAG: D 1 R A A0 30 5 B T T 2R 5 B IS Ik B 4 G 3 A g T 9 1
=ZICILRYY DR R B T RS AT SR LR SR SRR R b . RS EE T L0 RE AT A I R 45 A
AT BT I — I fifp PR A 8 5 31 R OB R T 53k T AT [ e 00 3 A 2 s ufl 3 A A R ke B S o 1
8 35 2 PR TR RN TS B BR AR AL S AL T 56

1 KIEAER S

1.1 RF RS

T B AT LR R VN N- B R (N, N-dimethylformamide, DMF) | PU & K i
CRBETH & TR A6 1A BRA WD L PR CF8 Bl B} 2 40 A7 BR 2> w1 o M nge (R i 7 28 o 106 s ok A= W B A
B WD B g C v s & AR AR BRA R 2R S0 = R S I8 i 22 e A (R BB AT BR A | L TN IS
% R 3k 4R AR R R G L TG K e R B0 T BT T AR AR R B B AT BR 2 FD L 6 OR U (g A B 2 R
ARRA D E AR A S TR TR B R Y O A B A, S K O At K . 4- 2 R
P R FH LA R i — SR S R vk A B

Agilent CARY 60 #2840 ] UL 4300 BE i (6 B2 58422\ F]D , Hitachi F-4600 #%¢ 43 6O B 1 (H
A H L2 A , Nicolet iS50 BULT AR5 A (32 8 F€ Bk € /A F]D , XtalLAB Synergy 8 X §f 28 5 5 fiT 1 CH
AR HD S ESCALAB XT A X G200 HL 7 RE 1% (3 E FE 8RR H]) , INM-ECZ400S #% % 2 4% I 3% 1%
(HAH TS,



- 86 - LWAMEXFFHRBAEAHF RO 2026 % 4 H

1.2 TVPP B Adler ;5 & B

A6 BE £ R 3 L TR 36 VBT S RN A1 A BEAY A 250 mL (BRSPS TP A 4- 2 0 R HBE (0. 66 g,
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ALY Cu Ko BTG (B 0. 154 178 nm) , iR T DL AR B 3% M- 2R DU 28 e % #1348 5 CHE AT 99 A
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Table 1 Crystallographic data of TVPP
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Fx2 TVPP A FHIEEKMER
Table 2 Selected bond lengths and angles of TVPP

i 4 /nm i B/
C(D-N(D) 0.136 4(2) C(1-N(D-C4) 106. 22(15)
C(4H)-N(D) 0.136 4(3) C(6)-N(2)-C(9) 109. 65(17)
C(6)-N(2) 0.137 0(3) C(6)-C(5)-C(4) 126.0(2)
C(9)-N(2) 0.137 0(2) C(2)-C(3)-C) 106. 7(2)

C(25)-C(26) 0.125 6(12) C(1D-C(12)-C(13) 120.2(3)
C(17)-C(18) 0.126 2(5) C(12)-C(13)-C(14) 122.9(3)
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B AL 1 Co) s . 8 SCHR AT b 422 B0 e i K 3R L 3K S TVPP 41 o b 45 04 19 1 IR, 1 SR 25 4 1Y
ARy HLAE TR B 7 10 2 PR M TR I HLBRATE 5 B AL T 45 A S
2.2 TVPP B9 50 S ik 702 o ok i

TVPP #2501 UL SOEE W 2 (o FT7s 7RI 422 nm &b 9 55 K W S0 2 b bk £k & 9 194 45 FiF 1%
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Fig. 1 Single crystal structure of TVPP
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Fig. 2 UV-visible absorption spectrum and fluorescence emission spectrum of TVPP
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Fig. 3 Fluorescence titration spectra
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Fig. 5 Infrared spectrum of TVPP and Fig. 6 UV-visible absorption spectra of TVPP
complex of Hg-TVPP and complex of Hg-TVPP

2.4.2 AN

WK 6 [ % 58638 T LUE W, A T JEOR, TVPP % &K e Hif KSR M 422 nm 208 &
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X SR L - B TS PTG SR 20 3 1) 67 B DOR B R AU A R A s R B AR AL, B 7 Ca) T
/R TVPP B3 B A WS N 1s 16 (397, 9 F1 400. 0 € V), 4 ST g T WIS ok . F8 ke 264 280 11 i g 284 20 Jit
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A I bl e 19 DY A 2805 T 2 8 Sy bk 2R AU L5 OR B IO A B A MRS A X 5 2R Ah- T IO 45
AR —3, B 7o FIRITER A BT AR AE BLUE 1 B AE 101. 8 T 105. 8 eV, XN T MR BT 19 Hg
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SRR A SR BRI L W BREAS 4 MR B R 28 AL Bk A T kTS G

0 B AL R B AU P MBI BE SR T AE P XPS 1 B A L R T E L He-Cl Al Hg-N
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BRI . K Por-PS-MA 1 8 Beid W5 S OR S WR & )5 - R Z2 B 60 Fh 2060 700l 2 28 R PR R
A AR I S 5 V7 R 8 AR A5 1 80K B 1 IR A W I (IR 8 Cad ) o RS2 BKE R B 1 R A Ak A 5 T
AW B R . OGS AT (B 8 (b)) AT LIIEI SR G W R B T TVPP B XS 5K B (1 ¢ 5 1 2 S I8
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T I AT TR AR I 0 R A Ak 3 e A B
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Fig. 7 Comparison of TVPP and Hg-TVPP X-ray photoelectron spectrums
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Fig. 8 Color variations and fluorescence emission spectrums of Por-PS-MA before and after its exposure to mercury ions
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