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Synthesis of a Novel Mn( II )-Based Metal-Organic Framework
Materials and Its Photocatalytic Degradation Performance of Tetracycline

WANG Lishan, GUO Huadong
(College of Chemistry, Changchun Normal University, Changchun 130032, China)

Abstract: Aiming at the problem that it was difficult to eliminate tetracycline in wastewater and
achieve water quality purification through self-purification of the environment, we developed and
designed a new type of sewage treatment agents. A novel metal-organic framework (MOF) material
[Mn, (TCPQ) (H, O)¢] ¢+ xsolvent was synthesized by 4, 4", 4", 4" (quinoxalin-2, 3, 6, 7-tetrayl)
tetrabenzoic acid as the organic ligand and Mn( Il ) as the metal center ion. The structure and stability
of the material were studied by using powder X-ray diffraction, X-ray single crystal diffraction,
Fourier transform infrared spectroscopy and thermogravimetry, and its photocatalytic performance
was analyzed. The experimental results show that the degradation rate of tetracycline by the prepared
MOFs material can reach 97. 5% when exposed to visible light for 30 min. The compound can be used
as an excellent material for the degradation of tetracycline.
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JIt FH B A 25 24 5 AR 2 Sy 3 e . HL TCPQ ARG SCHRL27 177 ¥ G . 7SR & i IRk . DU 3R 3K
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1.2 [Mn, (TCPQ)(H,0);] * xsolvent B &l &

¥ H, TCPQ(0.05 mmol, 0.030 5 g)y, Mn(NQ;), « 6H,O (0.05 mmol, 0.012 0 g), DMF
(5 mL), 0.5 mol/L HNO; (1 mL)FIZK (1 mIDAITA 20 mL B4, T80 Chifh 48 h, WHE%E
s B B R P YR . 50 °C TR 10 hy BIFF[Mn, (TCPQ) (H, O); ] « xsolvent, I HLEY) 1.

1.3 SEEMAKE

JeHEAEREA# TC: 72 30 mL TC (50 mg/L) KERPIMA 20 mg a9 1. BT HAEHEHE 60 min,
A HE 3 3] W RS E B - 45, SR T 300 W RAT I A AT 8O Fr BB BR AR T 420 nm B9 A GG, 18] bR — 2 i ]
2 mL FIE O G 58 b AT WO (UV-Vis) I 7 0
1.4 REHERESRERIT

Pt b BE e BRI © ORIV T B0 ot PR i AV A F T (T X5 4 B b AT S S A7 B i 45
FRAE , HARSHOCIE N A B R AL8 Mo-Ka. FIJH #1581 SHELXL R /7 b &9 1 4 iy,
IR Olex2 B v A4 FF e/ — A X G IR S A BEAT RS 18 . 2% 1) S M 0 B2 S 000 B A AR U1 i
ik, Brf SR 7t BE a8 2. FIH Platon 725 A9 “SQUEEZE” iy 4 Ml 5 £L 38 H 4 75 571 4
T AR 1 W R R LR A B RS A 430 ) TR 1~ 3.
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Table 1 Crystallographic data of compound 1

&Y 1 B/ 90
TR Css Hyy N, O Mn, 7/ (%) 120
F., 752,43 V/nm’ 6.524 9(4)

ki P6; Z 6

a/nm 1.849 66(5) Degea/ (g » cm™) 1.149
b/nm 1. 849 66(5) F? ff§ GOF {4 1.284
¢/nm 2.202 21(7) R, /wR,[1=26(D) ] 0.069 0/0.179 5
a/(M) 90 R, /wR, (&%) 0.127 3/0.223 3
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Table 2 Partial bond lengths of compound 1

b2 it K /nm b7 K /nm
Mnl—O1 0.213 7(8) Mnl—O7¢ 0.212 7(8)
Mnl—O1W 0.217 2(9) Mn2—02¢ 0.206 5(9)
Mnl—O2W 0.228 6(9) Mn2-— 04 0.203 6(9)
Mnl—03* 0.214 7(9) Mn2—03 0.219 0(8)
Mnl—06" 0.221 2(8) Mn2— 08¢ 0.212 410

e T RESUR RN RS 8, a. +Y, 1—X+Y, 1/6+2Z; b. —Y+X, —1+X, —1/6+Z; c. —1+X, —1+Y, +2;
d. +Y, —X+Y,1/6+Zs e. 1-Y+X, —1+X, —1/6+7Z.
R3 LKEMIWBLER

Table 3 Partial bond angles of compound 1

A R/ () A AE/O
0O1—Mnl—O1W 171. 8(4) 0O1—Mnl—O02W 88.5(4)
01—Mnl—03" 94.7(3) 0O1—Mnl—O06" 93.9(3)
O1W—Mnl—0O2W 83.3(4) O1W—Mnl—06" 84.4(3)
O1W—Mnl—06" 84.4(3) 03*—Mnl—0O1W 85.7(3)
03"—Mnl—02W 88.6(4) 03*—Mn1—06" 167.1(3)
06"—Mnl—O2W 82.0(4)

W H TR SHUR TR R a. +Y, 1—X+Y, 1/6+Z; b. —Y+X, —1+X, —1/6+Z.
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Fig. 1 Crystal structures of compound 1



%3 LR, S TR R A BB AR Y S AR A I A DU ER R B RE 737

(B 1B, ME 1O, XEFRIAES TCPQ' B & T 2 0 iy = 4 M4 254, HE 1(D) ] I,
RS, VAR L ARTE AT 1), TCPQ' MBS 742 — 28 R85 AL, AH &0 % I ik g Jik A =2 (] 1) o0
254 0. 39 nm.
2.2 AW HERRIE

L&Y 16 PXRD 3% # FT-IR 350 2 Fros. I8 2CA) AT, SEs il ik &9 1 1) PXRD i 5
BEAEL A A 25 4 ) PR AR A . DA A b B9 1 RSl ER &, LB 1 IR IEAE Kb 2 d, Hg(E B AR
A FTREAL, AL R, UK iR e M R Ar. IR 2(BY AT UL . 3 430 em ™' Ak Y i
HEF O H 8. AR PR KRS FRHEG 1660.1 580,1 540 cm ' kb I T & T 2K 38 1Y
C—CMiZfRsh; 1 140,945 cm AR IRV @ F L BR 3R | C— N MR M 4 dik 5.
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Fig.2 PXRD spectra (A) and FT-IR spectra (B) of compound 1
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2.3 BT I8 RS HILE S 70
[E] {4 5 Sh-1] WL i S 5665 (UV-Vis DRS) ] A6 60
W AA AL E IS, fbE % 1 /9 UV-Vis DRS 40 sol o
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F Z17E 200~450 nm. F]H (ehv)?-hv fHZL 554k & Fig.3 TGA curve of compound 1
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Fig.4 UV-Vis DRS (A) and (ahv)?-hv curves (B) of compound 1
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Fig. 5 Time-varying UV-Vis absorption spectra of photocatalytic degradation of TC (A), photodegradation curves of
blank controlled experiment (B) and kinetic curve of photocatalytic degradation of TC (C) of compound 1
x4 KEYW1E5EHMEELETII TC B ELERLLLER

Table 4 Photocatalytic performance comparison of compound 1 with other photocatalysts for TC

St A7) k/min " St A7 k/min "'
&Y 1 0.1350 CO/MOFEY 0.028 3
CQDs/CdSe-rGOM! 0.026 5 M/P-10% 0.033 9
0. 4-BiOBr/Bi, SiO; 0.018 0 CdS/NC-500¢ 0.063 9
Fe-MIL-1015% 0.016 3 MSCM-3057 0.025 1

VEIARBIARAEAL T . A& 1 ] aE ik 0 20 8 O I B e ik, 60 "C HLas 0 12 h AT T KA
. AE Y 1 AR TC /Y 5 R ERIXZS R P 6 Fras. mil& 6 ol WL, fEEMEH] 5 W5 . i fEfl
FRUATS BE PR 35 A o PO AR A 3 1

TEICHEAL BB i A rpr, Jd e 11 by A 8 2 6 ] R T B T A IS PR AR 2 Bl NBT L IPA
M TEOA fENR A A BHHCO; ) HEAHIEC O LIKLE R hH) MR, 292 mE 7 s, W
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Fig. 6 Cyclic stability test result of photocatalytic Fig. 7 Effect of adding quencher on photocatalytic

degradation of TC by compound 1 performance of compound 1
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Fig.8 EPR free radicals detection of compound 1
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