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zirconium-based metal-organic frameworks (MOFs) with triangle
aromatic ligands. Methods: Two MOFs (MOF-808 and PCN-
777) containing different sizes of triangle aromatic ligands were
synthesized by hydrothermal method for adsorption of genistein.
The synthesis of MOFs was determined by a series of
characterization methods, and the adsorption performance was
compared with that of a linear binary carboxylic acid ligand-
constructed MOF (UiO-66), to evaluate the effects of pore
characteristics, hydrophobicity changes, and other factors on the
explore the adsorption

adsorption performance, and to

mechanism by XPS analysis. Results: Compared with linear
ligand-constructed UiO-66, the pore sizes of triangular aromatic
ligand-constructed MOFs ( MOF-808, and PCN-777) increased
from 0.65 nm to 1.81 nm and 3.55 nm, respectively, and the
water contact angles increased from 47.91° to 110. 68° and
128.23°, respectively. The adsorption capacity and adsorption
efficiency of genistein in linear ligand-constructed UiO-66 was
40.08 mg/g and 39. 98%, respectively, while the adsorption
capacity and MOFs
constructed by triangular aromatic ligand (MOF-808, PCN-777)
was increased to 61.80 mg/g. 81.75 mg/g and 61.63%, 81.52%

adsorption efficiency of genistein in

respectively. Conclusion: Metal-organic frameworks (MOFs) can
be used for the adsorption and enrichment of genistein. Compared
with linear ligands, the introduction of triangular aromatic

ligands with different sizes changes the pore size and
hydrophobicity of MOFs, enhances the internal accessibility of
MOFs, and provides more adsorption sites, which improves the
adsorption effect of genistein. The adsorption mechanism of
genistein in PCN-777 is based on the synergistic combination of

metal-chelating interactions, m-m interactions, and hydrophobic
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interactions.
Keywords: Zr-based metal-organic framework; genistein; triangle

aromatic ligands; pore size; synergistic adsorption mechanism
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Figure 1

Structure and size of genistein

(1.3 nm X 0.6 nmX0.2 nm)
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Figure 2 Structure of liner and triangle aromatic ligands
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Figure 3 Characterization of three Zr-MOFs
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Figure 4  Genistein adsorption performance of
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Figure 8 Water contact angles of Zr-MOFs

R TRCY S 7 NG B R TR AN W B N T N B2
ML  PCN-777 A& RALIEMILRE . G & EA
MLAHE 42 P 38 10 7T 2 386 38 5 7K 1 [ 2 386 s S e koA 3R
B I B R 81.748 mg/ g W B 3y 81.52 % o L0 B H1 3R
h &R AR oon M R DL s K A B VR F Y B
[, MOF-808 133 Hh R 4F (4 W B 14 BB (61.802 mg/g.
61.63%) , f Lt £k 1t — 70 B R L M4 19 Ui0-66 A I 3 42
Fho 4% 1 3 Y8 K 4 B A HLAE S Y T A R ~F T 78 R 4R
o HE 4RI A T R TR LB, T8 4 R L o AL AR 1
I SR8 v W R R 5 1) PR R AR 250 114 7 R 9 HE 4R B UK
PN e A EAE R0 A R T GORE R 20 MY . W5 E

23



24

HAH 3 FUNDAMENTAL RESEARCH

FBEET PCN-T77 X Yo BE AR R (0 W B HL B, & B 42 I
e 8 S A RV A7 4 g TR E 7 O 388 25 L 4 R B A T i
Ferh B T EmEAE LS ST R N 4 B A HUAE 48 (4 0
PERFSE o 10— 25 PR Ak I B 442

£ % Uk

[1] AZAM M, ZHANG S, ABDELGHANY A M, et al. Seed isoflavone
profiling of 1 168 soybean accessions from major growing

ecoregions in China [J]. Food Research International, 2020,
130: 108957.

[2] YUN P S, KWANG K J, HYE K E, et al. Comparison of 12
isoflavone profiles of soybean ( Glycine max (L.) Merrill) seed
sprouts from three different countries[J]. Korean Journal of Crop
Science, 2018, 63(4): 360.

[3] P isde, FIEF, FEUE, 55 90K [EAH AL B 43 25 4l 2 3 AL
AW ST RE ], B S HLE, 2022, 38(5): 202-209.

LUO S H, WANG Y X, CUI B, et al. Research progress on
separation and purification of flavonoids by nano- solid- phase
extractant[J]. Food & Machinery, 2022, 38(5): 202-209.

[4] AYA K, MANA Y, AKI F, et al. Genistein inhibits chondrogenic
differentiation and mineralization of ATDCS5 cells[J]. Biochemical
and Biophysical Research Communications, 2021, 566: 123-128.

[5] XIANG J C, PEI L X. The articular cartilage preservative effects of
genistein in an experimental model of knees osteoarthritis [J].
Applied Physiology, Nutrition, and Metabolism, 2021, 46 (11):
1 331-1 336.

[6] YAY Y, YAN W X, QIAN Z, et al. Soy isoflavone genistein inhibits
hsa_circ_0031250/miR-873-5p/FOXM1 axis to suppress non-small-
cell lung cancer progression[J]. Iubmb Life, 2020, 73(1): 92-107.

[77HSIEH P L, LIAO Y W, HSIEH C W, et al. Soy isoflavone genistein
impedes cancer stemness and mesenchymal transition in head and
neck cancer through activating miR-34a/RTCB axis[J]. Nutrients,
2020, 12(7): 1 924.

[8] PANIAGUA P R, REYES C S, MARTINEZ C C, et al. Cellular
protection induced by genistein in mouse and its antioxidant
capacity[J]. Pharmacognosy Magazine, 2019, 15(66): 520-526.

[9]1 RAJAEI S, ALIHEMMATI A, ABEDELAHI A. Antioxidant effect of
genistein on ovarian tissue morphology, oxidant and antioxidant activity
in rats with induced polycystic ovary syndrome[J]. International Journal
of Reproductive BioMedicine, 2019, 17(1): 11-22.

[10] VILLA P, AMAR I D, BOTTONI C, et al. The impact of combined
nutraceutical supplementation on quality of life and metabolic changes
during the menopausal transition: A pilot randomized trial[J]. Archives
of Gynecology and Obstetrics, 2017, 296(4): 791-801.

[11] ZHAO Y T, WANG P, SANG S M, et al. Genistein inhibits protein
glycation in healthy and pre-obese mice treated with high-fat diet
via trapping and activating the detoxification pathways of
methylglyoxal [J]. Current Developments in Nutrition, 2021, 5
(S2): 387.

[12] CHEN X, XIE J Y, TAN Q Q, et al. Genistein improves systemic

BE 29/ | 2024 £3 B | BRENM

metabolism and enhances cold resistance by promoting adipose

tissue beiging [J]. Biochemical Research
Communications, 2021, 558: 154-160.

[13] KURREY K, PARAMANIK V. Genistein enhances expression of

and Biophysical

extracellular regulated kinases ( ERK) 1/2, and learning and
memory of mouse[J]. International Brain Research Organization
Neuroscience Reports, 2021, 10(1): 90-95.

[14] LI B, WEN H M, CUI Y, et al. Emerging multifunctional metal-
organic framework materials [J]. Advanced Materials, 2016, 28
(40): 8 819-8 860.

[15] YANG S, LI X, ZENG G, et al. Materials institute lavoisier (MIL)
based materials for photocatalytic applications [J]. Coordination
Chemistry Reviews, 2021, 438: 213874.

[l6] WU L, L1 Y, FU Z Y, et al. Hierarchically structured porous
materials: Synthesis strategies and applications in energy storage
[J]. National Science Review, 2020, 7(11): 1 667-1 701.

[17] CAI G, YAN P, ZHANG L, et al. Metal-organic framework-based
hierarchically porous materials: Synthesis and applications [J].
Chemical Reviews, 2021, 121(20): 12 278-12 326.

[18] CHENG Y, LUO S, HUANG F, et al. Separation of soy isoflavones
from soy sauce residue by MIL-100 ( Fe) [J]. Journal of
Chromatography B-analytical Technologies in the Biomedical and
Life Sciences, 2022, 1 209: 123431.

[19] KHOLDEEVA O A, SKOBELEV I Y, IVANCHIKOVA I D, et al.
Hydrocarbon oxidation over Fe- and Cr-containing metal-organic
frameworks MIL-100 and MIL-101-a comparative study [J].
Catalysis Today, 2014, 238: 54-61.

[20] LYSOVA A A, SAMSONENKO D G, KOVALENKO K A, et al. A
series of mesoporous metal-organic frameworks with tunable
windows sizes and exceptionally high ethane over ethylene
adsorption
Edition, 2020, 59(46): 20 561-20 567.

[21] ZHUANG S, CHENG R, WANG J. Adsorption of diclofenac from

selectivity [J]. Angewandte Chemie-International

aqueous solution using UiO-66-type metal-organic frameworks[J].
Chemical Engineering Journal, 2019, 359: 354-362.

[22] CHANG P H, CHEN C Y, MUKHOPADHYAY R, et al. Novel
MOF-808 metal-organic framework as highly efficient adsorbent
of perfluorooctane sulfonate in water[J]. Journal of Colloid and
Interface Science, 2022, 623: 627-636.

[23] LT Q, ZHAO W, GUO H, et al. Metal-organic framework traps with
record-high bilirubin removal capacity for hemoperfusion therapy
[J]. ACS Applied Materials & Interfaces, 2020, 12(23): 25 546-
25 556.

[24] FENG D, WANG K, SU J, et al. A highly stable zeotype mesoporous
zirconium
Angewandte Chemie-International Edition, 2015, 54(1): 149-154.

[25] PARK J M, JHUNG S H. CO, adsorption at low pressure over

metal-organic framework with ultralarge pores [J].

polymers-loaded mesoporous metal organic framework PCN-777:
Effect of basic site and porosity on adsorption[J]. Journal of CO,
Utilization, 2020, 42: 101332.

[26] VALADI F M, SHAHSAVARI S, AKBARZADEH E, et al



F&M | Vol.40, No.3

Preparation of new MOF-808/chitosan composite for Cr ( VI)
adsorption from aqueous solution: Experimental and DFT study[J].
Carbohydrate Polymers, 2022, 288: 119383.

[27] CHO K H, CHITALE S K, KIM S J, et al. Adsorptive removal of
nerve-agent simulant with  zirconium-based metal-organic
frameworks modified by hydrophobic monocarboxylic acids [J].
Microporous and Mesoporous Materials, 2019, 285: 61-69.

[28] ZHAO Y, ZHAO H, ZHAO X, et al. Synergistic effect of electrostatic
and coordination interactions for adsorption removal of cephalexin from
water using a zirconium-based metal-organic framework[J]. Journal of
Colloid and Interface Science, 2020, 580: 256-263.

[29] GULCAY-OZCAN E, IJACOMI P, KO Y, et al. Breaking the upper
bound of siloxane uptake: Metal-organic frameworks as an
adsorbent platform[J]. Journal of Materials Chemistry A, 2021, 9
(21): 12 711-12 720.

[30] DU X D, YI X H, WANG P, et al. Robust photocatalytic reduction
of Cr (VI) on UiO-66-NH; ( Zr/Hf) metal-organic framework
membrane under sunlight irradiationt [J]. Chemical Engineering
Journal, 2019, 356: 393-399.

[31] ZHANG X, YANG Y, LU X, et al. Adsorption/desorption kinetics
and breakthrough of gaseous toluene for modified microporous-
mesoporous UiO-66 metal organic framework [J]. Journal of
Hazardous Materials, 2019, 366: 140-150.

[32] LUO H B, REN Q, WANG P, et al. High proton conductivity
achieved by encapsulation of imidazole molecules into proton-
conducting MOF-808[J]. ACS Applied Materials & Interfaces,
2019, 11(9): 9 164-9 171.

[33] XU J, LIU J, LI Z, et al. Optimized synthesis of Zr (iv) metal
organic frameworks ( MOFs-808) for efficient hydrogen storage
[J]. New Journal of Chemistry, 2019, 43(10): 4 092-4 099.

[34] LIU H, XU C, LI D, et al. Photocatalytic hydrogen production
coupled with selective benzylamine oxidation over MOF
composites[J]. Angewandte Chemie-International Edition, 2018, 57
(19): 5 379-5 383.

[35] KRUGER M, REINSCH H, INGE A K, et al. Effect of partial

linker fluorination and linker extension on structure and properties

HHEE BT AFERGANERAVIERM AR AR RMEESNE

of the AIFMOF CAU-10 [J]. Microporous and Mesoporous
Materials, 2017, 249: 128-136.

[36] ISRAELI-LEV G, PITCHKHADZE M, NEVO 8, et al. Harnessing
proteins to control crystal size and morphology, for improved
delivery performance of hydrophobic bioactives, using genistein as
a model[J]. Food Hydrocolloids, 2017, 63: 97-107.

[37] TANHAEL M, MAHJOUB A R, SAFARIFARD V. Energy-efficient
sonochemical approach for the preparation of nanohybrid
composites from graphene oxide and metal-organic framework[J].
Inorganic Chemistry Communications, 2019, 102: 185-191.

[38] OTTER D, MONDAL S S, ALREFAI A, et al. Characterization of
an isostructural MOF series of imidazolate frameworks potsdam by
means of sorption experiments with water vapor[J]. Nanomaterials
(BaseD), 2021, 11(6): 1 400.

[39] JIN L, QIN Q, DONG L, et al. Study of the cycloaddition of CO,
with styrene oxide over six-connected spn topology MOFs (Zr,
Hf) at room temperature[J]. Chemistry, 2021, 27 (60): 14 947-
14 963.

[40] FAML. Z2 %L UiO-66 FI UiO-66-NH, i £ )i . R AF K P g BF 58
[D]. KJE: KJEHE T K2, 2018: 27.

ZHOU F. Synthesis, characterization and properties of hierarchical
UiO-66 and UiO-66-NH, [D]. Taiyuan: Taiyuan University of
Technology, 2018: 27.

[41] LIN Z J, ZHENG H Q, ZENG Y N, et al. Effective and selective
adsorption of organoarsenic acids from water over a Zr-based
metal-organic framework[J]. Chemical Engineering Journal, 2019,
378: 122196.

[42] DERIA P, MONDLOCH J E, TYLIANAKIS E, et al
Perfluoroalkane functionalization of NU-1000 via solvent-assisted
ligand incorporation: synthesis and CO, adsorption studies [J].
Journal of the American Chemical Society, 2013, 135(45): 16 801-
16 804.

[43] 5% K F . Zr IR S50 B9 1] 4545 0 W PE BB AT 5 [D). 220 22 M B
TR, 2022: 27.

LUO Y W. Study on the preparation and adsorption properties[D].
Lanzhou: Lanzhou University of Technology, 2022: 27.

(E#F 17 70

[21] & 3CT5 . 7K B MRS BT e T 20 1k K H: BT BT (D). 4
M MK, 2022: 34,
XUAN W F. Study on brewing process optimization and flavor
quality analysis of peach craft beer [ D]. Yangzhou: Yangzhou
University, 2022: 34.

[22] LU Y, CHOI B, NYLANDER T, et al. Surface rheology and
morphology of beer protein and iso humulone at air-liquid surface
[J]. Food Hydrocolloids, 2020, 108: 105897.

[23] TUHbAMg, #X A2, F U8 AR XL 2 Mk MG 197 B 57 A 1) 15 28 K ke i
TR 3 S R[] 35 ROR 22 27 4l CT2E RO, 2021, 51¢5): 1 919-
1 .925.
YU H M, ZHAO S J, WANG N. Screening of brewer’s yeast with

low yield of higher alcohols and the effect on beer brewing

technology [J]. Journal of Jilin University ( Engineering and
Technology Edition), 2021, 51(5): 1 919-1 925.

[24] 38, BREEEE, W1/, 6. 2T GC-IMS HOAR Y 1 77 L X
WRASHT (0] £ 5 5 LA, 2022, 38C11): 46-52, 75.
GONG X, CHEN T H, HU X J, et al. Flavor analysis of passion
beer based on GC-IMS technology[J]. Food & Machinery, 2022, 38
(11): 46-52, 75.

[25] XA . /IN 22 iy o 32 B2 LR A4 B K% 3 i [X) 3 BF 52 [D]. 1 /R
W R R L R, 2020: 31-50.
DENG Q. Research on the compositions and influencing factors of

main organic acids in wheat beer[D]. Harbin: Harbin University of

Commerce, 2020: 31-50.

25



