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Efficient selective separation of daidzein and naringenin based on dual-template
magnetic surface molecularly imprinted technology
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Abstract: Objective To prepare surface molecularly imprinted polymers (SMIPs) with selective separation performance towards
daidzein and naringenin, and characterize the structures and evaluate their adsorption properties. Methods The surface molecularly
imprinted polymers (SMIPs) were synthesized under the initiation of 2,2"-azobis(2-methylpropionitrile), using daidzein and naringenin
as template molecules, modified FesO4 nanoparticles as magnetic carrier, and methylacrylic acid (MAA) as monomer, and ethylene
dimethacrylate (EGDMA) as crosslinking agent. The morphology and structure of SMIPs were characterized by Fourier transform
infrared spectroscopy (FT-IR), thermogravimetric analyzer (TG), and scanning electron microscope (SEM). The adsorption behavior
was analyzed by dynamic adsorption and static adsorption tests; adsorption specificity was evaluated by selective adsorption test; and
the recycling performance was tested by regeneration adsorption experiment. Results At an initial concentration of 300 pg/mL, the
adsorption capacities of Daidzein-Naringin/SMIPs (D-N/SMIPs) towards daidzein and naringin was 21.05 mg/g and 27.45 mg/g,
respectively. The results fitted by pseudo-first-order, pseudo-second-order, Langmuir and Freundlich models indicated that the
adsorption behavior of D-N/SMIPs to daidzein and naringenin was mainly monomolecular layer chemical adsorption. D-N/SMIPs

showed good selective recognition abilities to daidzein and naringenin, with an imprinting factor (IF) of 2.05 for daidzein and 2.43 for
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naringenin, which was much higher than that of 0.88 for quercetin, 1.17 for alizarin, and 1.26 for rutin and can be targeted for adsorption

and separation of target compounds. Moreover, the adsorption capacity of D-N/SMIPs for daidzein and naringenin remained at 16.58

mg/g and 20.08 mg/g even after nine adsorption-desorption cycles, and the structure was stable and could be used for repeated

separation. Conclusion The prepared SMIPs have good selective adsorption capacity to template molecules and can be used for rapid

targeted separation of daidzein and naringenin.

Key words: surface molecularly imprinted polymers; magnetic separation; selective adsorption; flavonoids; daidzein; naringenin
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Fig. 2 FT-IR spectra of Fe3O4, D-N/SMIPs and D-N/SNIPs
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Fig. 8 Adsorption isotherms of D-N/SMIPs and D-N/SNIPs towards naringenin (a) and daidzein (b)

SRR AR ARSI HAR TG . K2 HIH T
D-N/SMIPs il D-N/SNIPs % K &2 25 A 57 25 1S5
iFHSS 4. I8 WML, AHHT Freundlich M P52
A, Langmuir A SEING & S080%dE, H Langmuir
W ARG R AH ¢ RECK T Freundlich IR FAR AL,
AR RS, G, W KRS RN RE D-
N/SMIPs b PRI B4 T A 5 A6 [ T B 22 40T Ff

233 EBHEWIHMERETR N T B D-
N/SMIPs i K 55 2 R B 2R (W B 81, ae A,
SEEEM L AT OR/NFI T Rk AR AL TE PR A TR N
AN AT R BRI B X, AN 3 ) i B 3
PEER A T A A BB 240 pg/mL K
TR MR MR, R P TINOERR,

SRJE ¥4 10 mg D-N/SMIPs 43 il N 13k Wl B ¥k
(10 mL), =i W 20 min J5 A @Rk o B3 ENiE
REW, BEI 1 mL IS0 OK CREMFEE 10
mL, 32 UV-vis 73066 T3 I 7E 248, 288, 365+
374, 434 nm KA A, BEJE A ARHER 2615 D-
N/SMIPs X KE R MR 7T Wi R
B a2/ b EE 3 KOFICFSE.

K H ENZER ¥ (imprinting factor, IF) AT B
I B, THE AT

IF = gp-N/smips/gD-N/SNIPs
gp-Nssmps Al gp-Nssnips 7370 D-N/SMIPs I D-N/SNIPs X
I P P R R

ME 9 T LAE i, D-N/SMIPs i K & 2 Al 7

# 2 D-N/SMIPs #1 D-N/SNIPs /Y Langmuir 8% Freundlich #2314 5%
Table 2 Langmuir and Freundlich model fitting parameters of D-N/SMIPs and D-N/SNIPs

) B Langmuir /5 2 Freundlich 77 %
% B 751 % B 5
Gm.c KL R? n Kr R?
D-N/SMIPs RER 345954 0.0050 0.966 6 1.761 02 0.8270 0.9303
D-N/SNIPs RER 13.187 9 0.007 2 0.969 8 2.099 81 0.606 6 0.963 7
D-N/SMIPs e 44.047 1 0.003 9 09773 1.642 67 0.748 6 09571
D-N/SNIPs e 21.8590 0.0057 09760 1.913 85 0.707 1 0.962 1
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Fig. 9 Selective adsorption of D-N/SMIPs and D-N/SNIPs
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PEE ] IR R PR I A AR R R R B . R
3 %It 7 D-N/SMIPs il D-N/SNIPs X 5 Ffi 531 10
MHEFEMESE. WERHFTLEH, D-N/SMIPs XK
SRR TN 2.05. WA R 2 B TN
243, @ TR (0.88). PR (1.17) M T
(1.26) MIENZERT, R BUF R EHER . B
AR FEMIER T D-N/SMIPs £ 1 B8 2 ) 2
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PRI B 32 EAK SEA 58 I BRI LS5 )
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Table 3 Specific selectivity parameters of D-N/SMIPs and

D-N/SNIPs

T gD-N/sMps/ ¢D-N/SNIPs/ Ef32E
(mg-g™) (mg-g™) S

NGE 20.94 10.20 2.05

il 2 27.45 11.25 243

Ui 8.57 9.71 0.88

R 14.51 12.40 1.17

Ikl 6.59 521 1.26

WRER 75 T D-N/SMIPs F AT A PERE . ¥ 10 mg
D-N/SMIPs 5 10 mL 240 pg/mL ) K & &K sl i &
W B RTR A 320, PR30 20 min J5 RG5> 25 6D
AEEEY), BEJEEC 1 mL W S VA L is o E
To7K CTEMRE 22 10 mL, MPAH: 4 377155 D-N/SMIPs
XK 5 R B B 2 R B & . SR 5 DATGOK - O
(9 T DEA ARG 5 () D-N/SMIPs
HAT RT3 20 Al KA TEK 2.0 ) 2k
%3k, 50 CFH 12h 5K H A1 D-N/SMIPs-
HUTR R T R B S Z IR, KUGEEAT 9 IR
ARG ARG o

& 10 Fizn, D-N/SMIPs % K& AL &
{180 W 5 I 5 106 AN R B - e PR 2 0 38 o e i A £
FEAARBE J5 120 N %, (RREARIL P AR . B
RTE, RS 9 RIS, D-N/SMIPs X K& 2 Al
Fih B2 2 B B AT ATk 16.58 mg/g AT 20.08 mg/g.
— 5, 2RV 2138 D-N/SMIPs E[j7F
2L B—O5TH, BT E 4, MM R
W B AL i 33T R/, [R5 8 D-N/SMIPs X H ki 7y
TV R HT R % . {2 D-N/SMIPs £ 9 VKR -
SRR AE IR J5 AT BE ORAF IR e B 253, R B T ARG (1)
D-N/SMIPs BA L (&5 FAa e, vl 2 SBm i
R 2 R TR thah, @ik 5] Nritk
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Fig. 10 Regeneration performance of D-N/SMIPs
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