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A 32695 BUEAH (AL (36 [ Waters 24 A]) . Waters 2498 5446l 4% , Waters C18 #E 3% 4 (Spm,
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Sartorius 72 F]) s ZK-82B FL.25 T4 4H (_ LI T SC R AU AR ) ) s MS3 basic i iR A &5 (FEE IKA AFD .

1.2 KFS5FEHS

OALBERR (UA) KB (4l i =982, At s i 20 MABHE W H R BRA #) s TFMAA .MAA (4-VP,
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1.3. 1.2 MR S5IRe A BEAE AR M TR 5 DAk SRR B TS B IR R ECK, BB 4 7
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MMND J5 35 A AR 55 4% D BB SR (A B T T 358 45 A 58 AE, DL AF AR RIS [W] 2y E 2 4 18] 1) 41
HAEHRES . RISy Ry W2 E 2 AR R R L R R 43 A ) i AR 2 R B AH AR R O A X
K 1% BEIZ o b3lyp JiAAE 6-311+ +g(d, p) FRA A TH5 58 2 A LR 5 R B & 50 7 1k
PM3 SkAb# ., 25468 AE BIIHE X (D iR .

AE = Einpex — Evnptae — D E onomer (D
K Empix N E B W RE L+ E cnpraee WM BE I+ Eonone: A P BE AR BE 5
1.3.1.3  WAMBRERITIR (A RO S Ak 3% 2 (CPCMD ' St B AR 15 ) Rl oA 43 7 1 LA &5
FFEATUEAR o Dh i 5 55 26 43~ 7 O S R g . — S PP e L T L PR TR DN R A O R v i R Ak RE . A T
BAE b3lyp/6-31g * /K P F#EAT . 43 F M0 46 44 7 % Rl SRR G AR e i B0 . i S4B (E o) TH 3R
N

AE giion = Ere — Eopven 2

K Ep A TSP REE  Eoven N3 T FEE I TH B BE
1.3.2 OA-MIPs p#l4  FREL 0. lmmol 1 0. 3mmol 9 TFMAA T 3.3mL =& 4 B 51BHK
RS 4h 5, A 1. 5mmol 3B F] (n (DVB) /m(EGDMA) =4:1) 1 5. 2mg £ AIBN G Xt T 2044 i
it 200 (wt) B AR Smin PR B H G E THEIEKBH . T 60°C F,200r/min, B4 24h, =9 T4,
WF I 3 0 LA/ SR (V/ V7, 8:2) S IR, R = 2 240, B J5 W BEBE B BR 23R B 19 SR . 50°C L& T
W, AFENE R AW (NIPs) i il & A I b 4> 1.
1.3.3 OA-MIPs RAE T4 09 R WAk 76 XU I 1 F025 v FH B T 9 4 sk ms 40 SR FF L S-
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S TRCEAR Vs T B AN R ) BBORE T HPLC A6 OA 254

e PR IR 52 56 40 T L BUE 1 (200mg) MIPs 5 NIPs, &% T SmL &4 OAUA IR K (4%
L OmgemL DR G EBD . TAEE SRR T 25°CHRY 120 J5 A OA UA FIRBE RIS i,

2 #HXR 5

2.1 &FHEH
2. 1.1 NS DhaE AR R BRI B B Aar o3 A AR BIE 5 68 FH 28 2 R R A ) R R AR 43 5F R R (OAD
MIfE A TEMAA MAA AM A-VP (S MU BRI AL . A F RO AL SS / an il 1 Frs .

TFMAA MAA

AM 4-VP
Q@0 Oy Qc @r om
B 1 #AROA) SIS T (TFMAA, MAA, AM, 4-VP) i {4k 44 51 &

Figure 1 The optimized conformations of OA, TFMAA, MAA, AM and 4-VP
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Kl 2 it OA K IJfEdaik TEFMAA MAA AM . 4-VP {943 7454 K H NBO /0 A5 &, i &l 2
AT, OA P — DRI — AL WIS L b i A HJE 7 0T RUFE 8 5 25 4, 0 H far 2 3 oy
0.50 I 0. 47, B IEME SR H IR 825 5 5 Dy 68 S0 b (0 o 67 PR D5 T8 U8 . e Ak L A ST B
A O JEF AR R T2 O 35 BE A3 3 — 0. 71, —0. 61 Fl—0. 76, L A ME B SR )R F A 5 5
iRER b i H R T R A, TIBE K TEMAA . MAA ¥ &4 — MR, MAA ¥%I3E H B ik
0. 50, 3 AN O BT 1743 —0. 60 F1—0. 71, Hfk TEMAA 3 A O J5 i i fi 45 51
H—0.57 F1—0. 71, Mt MAA, TEMAA & 45—~ 6P 800 1 = Ji0H 36, HLAT 58 20 1 W Hl 7 3500z A
PEFR 3 H O A0 K (0. 5 Bk AM SR F HL ff R — 0. 62, &3 B PN H L far 43 510k 0. 41 Al
0.42,5 MAA fil TEFMAA WA BRI R M55, D &5 R R, MAA  TFMAA fil AM = F T fig
B R AT A Sy SRR A SR A Ry U A2 R 5 R R Ay 0T B RV L (R T LGE i A B R R AR
. A-VP ST IEBERR E i N T8O — 0. 45, i /E R T2 R S AR 45 A8 A it . ARk A
G Z R0E F D 0 5 55 6 55 ) R ik AT 1) F Ar 20 A AT DR Ak o 3 55 4k B W 11 25 ) 25 48 K 3 R ik 141 BT Ak 1) 253 )
AL BH A /NG D% s 2 TR BEL R 1 2y fi 256 AT o BRIVt Al iy 22 P, 0 £ 52 s D) A6 BEL 19 552 v 17 ¥fE DA TR o, 0 5
TER A1,

CD.24
4-vP
@ ON @c ¢fr ¢H

K2 B S HaR R Sr 1 NBO HL 3 43 A
Figure 2 NBO charges of OA, TFMAA, MAA, AM and 4-VP.

2. 1.2 #HRa T SUE R eI Raia e A ONIOM J7 k4l OA 5% D fig AR DL 1+
VEE R HEIE R0 52 6 WA B B B 0 - 45 6 R TUELAY LM AT BE R B S M LN 8T 3 o . NE &)
F RO AL S 2R T LA AR 7 15 B MAA I 180U BE 0 A I 5 5 22 o AT DU b 0B A S L DTG A
BLURRE A Hoh MAA RIS OA REDE L OA/MAA-1 5 WA 2 A EHEE RIS I8 B S5 AR
MJ1iR . R TEMAA Hil AM 5847 1 4 PR U SEVE B 0 e s A &2 54 . 4-VP L
WL N ARG OA ERRBEMEEE L H 5 AR L s 22 58, b Z 51 OA/VP-
1% 4-VP EBE N 515 OA R H 18 sl i i B 4-VP 5 OA sl GEr 45477 .

1 OBA R AR T DI RE AR B R SR E IR ARE AE. R LT RIA
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&3 MM SR LD 1 1B R B B B & i AL
(a) OA/MAA-1, (b) OA/MAA-2, (¢) OA/MAA-3, (d) OA/MAA-4, (e) OA/VP-1, () OA/VP-2,
(g) OA-TFMAA-1, (h) OA-TFMAA-2, (i) OA-AM-1, (j) OA-AM-2.
Figure 3 Structures of complexes formed between template and monomer at molar ratio of 1:1,
(a) OA/MAA-1,(b) OA/MAA-2,(c) OA/MAA-3,(d) OA/MAA-4,(e) OA/VP-1,([) OA/VP-2,
(g) OA-TFMAA-1, (h) OA-TFMAA-2, () OA-AM-1, (j) OA-AM-2.

W AR 4 5 DU I g B A AR B AR F R RN R : OA-TFMAA > OA-MAA >0OA-AM>0A-4-VP,
OA-TFMAA-1 B 545468 (—70. 99k] »mol D fe . W fE T TFMAA Z5 44 | & 47 — A i (i M4 i
(9 = JRUH i, B SR B IR PR AR TR G T B SR O R B A W R E . R MAA 5 OA
W A Y e 45 A B8 AE(—66. 40k »mol D RS MK F HL K TFMAA(—70. 99k]»mol ') . {H# # ¥
EET AM R A-VP 580> F R BEAER. DI EZ5 SRR YR 5 AR EE R I 1: 18f, TEFMAA Fi
MAA 5 OA FEHI J 858 % 57 BURBR M EN IR BOR T4 . 0Ah R R I RE AR 5 OA Z5 G Re RN
LU A B — 2 IR — R SRR R BV R R R L SO . 340 BURAE OA R I ZE G fgy
KRTPHERIE LA, XERARE L H B IEER TR L H, B OA MR CJEFH iRl
0. 85, K FRIE HJEF (A% C FFHICIL 5k Z B8 i 208, v B8 2 d T 07 8 5 Bk 25 & i 25
I 437 BEL 358 K BT 38

iz AR DT T AR 5 SR BE IR 1 122 9 25 G R R IR G Y. I8 da ha] DUE L 2
4-VP 5 OA DL 2: TR EEIR L ROREBF S AT RIOJE G 1 A 42, B 2 43 4-VP B9l E 35 N 2350 5 OA R 5L
MBEE HIE A ZE SWINs 4R N —68.93k]emol '(WFE D WHILE WK EZHKBEE . AEE
TG e 8 PR R PR RE ) MIPs, {HAE MIP SEBR il #5 H, f T 2R A SO & — g 72 R 2 BT A i )
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OA 5 4-VP L 1: 2B /R B il 526 () s U RE SRR [ B 46 & 454 : 2MAA-1()
2MAA-2(c¢) . 2TFMAA(d) ,2AMC(e)
Figure 4 Structure of complex formed between OA and 4-VP at molar ratio of 1:2 (a);

Structure of the self-association complexes of monomers: (b) 2MAA-1, (¢) 2MAA-2, (d 2TFMAA. (e) 2AM

Or

QH

&1 ONIOM(b3lyp/6-311++¢g(d, p) :pm3) it HHER LER _FEESYHEESE E MESH AE
Table 1 Energies and binding energies of template, monomers and complexes at ONIOM(b3lyp/6-311++g(d,p) :pm3) level

&Y E (a.u.) AE (a.u.) AE (kJ+mol™1)
OA —345. 0083
VP —325.7714
MA —306. 5815
TFMAA —604. 3950
AM —247.3775
OA-MAA-1 —651. 6151 —0.0253 —66. 3958
OA-MAA-2 —651. 6019 —0.0121 —31.7567
OA-MAA-3 —651. 6009 —0.0111 —29. 2255
OA-MAA-4 —651.5993 —0. 0096 —25.1453
OA-TFMAA-1 —949. 4307 —0.0274 —70.9944
OA-TFMAA-2 —949. 4239 —0. 0206 —53.9562
OA-AM-1 —592. 4094 —0.0237 —60. 1578
OA-AM-2 —592. 4004 —0.0146 —38. 3117
OA-VP-1 —670.7972 —0.0175 —45. 8866
OA-VP-2 —670. 7887 —0. 0090 —23.5536
2MA-1 —613. 1744 —0.0115 —30. 2615
2MA-2 —613. 1890 —0.0261 —68.6198
2TFMAA —1208. 8165 —0.0264 —69. 4432
2AM —494. 7765 —0.0216 —56. 6189
OA-2VP —996. 5774 —0.0263 —68. 9311

10. 14028/j. enki. 1003-3726. 2017. 06. 007



56 1 = an ¥ i1} il « 53

BRI S5 T 45 A 00 S T B, anfli F 4-VP R D BE S A, vl 5 Y 1 m LB R ). DL I 4-VP 5 OA
AT . L. MAA 5 OA DL 1= LAY EE IR RN B AT 4 Fh AT RE A Fe e 45 G A 38 1 D) 20 1R
Fo SRS AT LB B 3 R ke M A . AR Ll i BEIS A B 2 A MAA 431 A] LU i 4 1 8] S A
AT —BIEMBEENESY. 45467 XA 2MAA-1 f1 2MAA-2 # F 454 (VL E 4b.e), Hir,
2MAA-2 45 1) 45 4 g (— 68.62k] » mol ') b MAA 5 OA FiIE & &9 145 4 fg (— 25.15 ~
—66. 40kJ*mol D, TR MAA 43 F2 5 UL 2MAA-2 ¥R & A [ B 454 . X TF TFMAA i
AM PSSR BEULSE S R AN B A>T BB EOR LU R WA o kAR AR A RIS & g4 il ok
—69. 44kJemol ' Fl —56. 62kJemol ' BE/N TR G OA RIEMEE A RE HiE K Tk 5 OA BAE
25 A RE . X U] TEMAA 8 AM FRS;F 255 UL 1= LI 0145 G BIBAR 43 F OA (R BRI,

2.1.3 IEFIBIEEE VTR Bk R AS R ) ED R A AR L IR 43 5 i B ED O 5B A 4 A0 B B AT B B
RES . AEAE LA B A R v ) A B D D A A X 4k A P A I O R RS AT RE ok P R AR R
BARAE T F /N R LA G 1) 555 A DR AR - o ) o SRR A T . A F 5 KR A AR R AL AR Y T A L
PEAS TR P ) 95 700 PR BEE L 0 T DT DO SR R L — 580 FR ) R A7 — 2B I 5, D041 V5 700 £ e ok 1) DB 17 791
S50 M EAE R E s AF Grvaion BN s F2 75 4153 55 05 70 AH BLAE B /DN L 6 BR300 2R 5 Wbl A 1) . A5E AR R )
FAPRAEAS [ 570 rhogs AR AR DL 2R 2., FFN 43 38 AL RE /NI Ay« R 2> 2 = TN T > DY 1K I > =
SR e 7F = G ot rP v SR R /0N  DE AR 43 1 A0 I RE AR S = G e AP B /D . A R SR 43
T HE LK 33X Sy R SR 4 5 ZUAE 23 B i H: 43 VR A AR e AR AR 3 R ) B SR A Y A L
A AR 55 o 28 T 5% 06 B8 SR A 0 0 0 - R R o TR b AR T B A AR, G o RS S A S R T
AR SR S 50 3 B v W TR A IR BRI 5 0 T ED R G A

&2 O0A.4-VP MAA.TFMAA 1 AM 7 7[5 /A 7 & 59 78 71 4k &€
Table 2 Solvation energy of OA, 4-VP, MAA, TFMAA and AM in different solvents

OA 4-VP MAA TFMAA AM
il
E/a.u.  AE(Kemol™")  E/au  AE(klemol™') E/au  AE(kJemol™!) E/au  AE(klemol™!) E/au AE(kJ+mol 1)
SH —1397. 7724 —325. 6850 —306. 4797 —604. 1920 —247. 2915
=H M —1397. 7806 21. 4976 —325. 6893 11. 2647 —306. 4847 12. 9185 —604. 1982 16. 3960 —247. 2996 21. 3067
PUS kI —1397. 7815 23. 8456 —325. 6898 12. 5347 —306. 4852 14. 3187 —604. 1989 18. 2564 —247. 3006 23. 7807
TRl —1397. 7825 26. 5021 —325. 6903 13. 9808 —306. 4858 15. 9016 —604. 1997 20. 3818 —247.3017 26.6178
L —1397. 7826 26. 7704 —325. 6904 14,1273 —306. 4859 16. 0610 —604. 1998 20. 5976 —247. 3018 26. 9064
P —1397. 7827 27.0710 —325. 6904 14. 2919 —306. 4859 16. 2400 —604. 1999 20. 8396 —247. 3019 27. 2309

2.2 OA-MIP B4l &

N T UG bR SR M L S 43 W kB TFMAA  MAA 4-VP I RE Bk, = 40 b i
#.DVB/EGDMA(4: 1, mol/moD) 225, AIBN 5| &l . R AR R A il & OA-MIPs., i 13 W fff &2
Q. FIWL B A+ TF FRAE MIPs (W B vERE . SCgn 25 R W (LI 5) . L TEMAA MAA F1 4-VP Sy 5kl
09 OA-MIP 1y % Bt £ 2> 5 & 13. 6mgeg ', 11. 8mgeg 'l 11. 3mgeg "W F IF 535 J 6.61,
5.67 fi1 5.2, TEMAA VE R 8 BRI 45 1 MIP ELAG &5 25 W B PEBE . 5 Be T30 45 o — 5%,

RN/ T BE LR 1 E B % MIPs P BB AR A RS2 M, BEISTF 57 25 R WL B 5 TEMAA JEE/R L 131
B A B . (HRA RN A DA R R ZEA AR S S T 456 00 S0 5, i A
M5 T B8 SR 72 4 25 4 E MIPs il £ a3 B2 Fp AR A in A & A T R B AR IR L AR BF 5T L TFMAA 1)
AESRLAA [ Ay B B 1 5 8RR 5 SR AN TRl BE R [ (121,122,153, 1:4) X MIPs 1 Fff P fig 14 52
M, S I 45 S UL IR 6, 0 Bk R DR B T A EE R LB ORI RE R, Y KT 1 3 B K s/ L & B
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Figure 5 Effect of different functional monomer on adsorption properties of MIPs. Polymerization conditions:
OA/functional monomer/crosslinker (1:3:15, mol/mol/mol), crosslinker DVB/EGDMA (4:1, mol/mol),

weight fraction of AIBN 2%, volume fraction of reaction system 7% , polymerization temperature 60°C.
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il C_Inie 172
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5] 12
] 127
0 . . . 30

1:1 1:2 1:3 14
OA: TFMAA (mol: mol)
6 AR5 T RE B AR EE IR L X MIPs % B P4 8 14 5% i)
BB A TFMAA 2B (1:5, mmol/mmoD) . 52 #] DVB/EGDMA (411, mol/moD) .
AIBN ¥R B 5 SR B 1 226 (wo) , R RERFR IR 7% . A IRE 60°C,
Figure 6 Effect of different molar ratios of the template to the functional monomer on adsorption properties of
MIPs. Polymerization conditions; TEMAA /crosslinker (1:5, mol/mol) crosslinker DVB/EGDMA (4:1, mol/mol) ,

weight fraction of AIBN 2%, volume fraction of reaction system 7% , polymerization temperature 60°C.
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Figure 7 Effect of different solvent on adsorption properties of MIPs. Polymerization conditions:
OA/TFMAA/crosslinker (1:3:15, mol/mol/mol), crosslinker DVB/EGDMA (4:1, mol/mol),

weight fraction of AIBN initiator 2% , volume fraction of reaction system 7% , polymerization temperature 60°C.
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Figure 8 The SEM images of OA-MIPs prepared by bulk polymerization
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Figure 10  Adsorption isotherms of OA on MIPs and NIPs at room temperature (25°C)
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Computational Strategies for the Design and Study of Oleanolic
Acid-imprinted Prepolymerization Mixtures

TANG Zong-gui, WANG Jing, CHEN Xia, WANG Guo-hong, LU Chun-xia*
(Analysis and Testing Center , Xinjiang Academy of Agriculture and Reclamation Science/Supervision and

Testing Center Food Quality . Ministry of Agriculture (Shihezi), Shihezi 832000, China)

Abstract; In this study, the pre-organization system of molecularly imprinted polymer with oleanolic acid as template,
2-(trifluoromethyl) acrylic acid (TFMAA), methacrylic acid (MAA), acrylamide (AM), and 4-vinylpyridine (4-VP) as
functional monomers, chloroform, tetrahydrofuran (THF), ethanol, methanol, and acetone as solvents was studied by
computational methods. The density functional theory (DFT) and ONIOM method was used to investigate the geometry
optimization, active sites, natural bond orbital charges, binding energies of the imprinted molecule. The solvation energy of
template and monomer in different solvent was calculated using self-consistent reaction field of polarizable con-tinuum model
approach (CPCM). The theoretical results showed that the compound of the ratio of OA-TFMAA (1:1) had the highest
binding energy (—70. 99kJemol ') and the most stable structure, and the solvation energy for template and monomer in
chloroform were lower than that in THF, ethanol, methanol, and acetone. The corresponding experimental results were
used to verify the simulation results. Meanwhile, the polymers were characterized by using scanning electron microscopy,
fourier transform infrared spectrum, and adsorption experiments. The experimental result is completely consistent with the
theoretic analysis, which indicates that the computer simulations can provide a route to more efficient MIP design
strategies.

Key words: Molecular simulation; Oleanolic acid; Molecularly imprinted polymer
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