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Fig. 1. Structures of four monomers in the terminal structure of persimmon tannin: (a) EC; (b) EGC; (¢) ECG; (d) EGCG.
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2.2 EGCG #H&%HF

wE 2(a) BR, EGCG #5°4 A 35, B 3, C 3F
D, 1M EGCG 548 & n E 2 EETE B
PR3, 4 B FRIE, DI D FR 47, 57 [ FRIE - 12,
MR pH ARIE], HARIRIY 48 & 7 s f fr
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F IR Z Fp. Navarro 55 2638 i il & B Fl D ¥ I
1H # A Tesh g it a2 5] 7 EGCG 54 @ 4s&
P, WESE T DI B 3R EAT = RO BC A BE
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R, EGCG by &R, BB
ERFIERIAE . FKA158—LL Inoue FF7ESCHR [27]
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Fig. 2. (a) Structure of EGCG; (b) structure model dia-
gram of EGCG-metal complex.
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. AR, EGCG 5 Cu?t, Int, ABTHI Audt
XA EFEAFM#E ECGCCH DA EENTE
] B BREEIE, BIANIA 3(c) BHLH) EGCG-Cut &
Y (D #4r& 5 B AEFAT, 1M Cu B FFEM A~
W2 [a], TR R AR E5 47 B3). | Bk, HE Wi 28 « i
REEF Z AW, AL D ) 470, 50 548
BFAEMEAEMCR, BT BHYS D R
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TE U A it 26 1 I EdEE h, Cu?,
Fe** &1 5 EGCG Z B B 5 (53518
HAEHE4"0—Cu: 1.941 A; 5"0—Cu: 1.916 A; 4"0—
Fe: 1.926 A; 5"0—Fe: 1.893 A), Al Cu?t, Fet
BT 5 EGCGIE M E Gaifae EAEH

(d) Q) ®

EGCG-Fe?+
® @ da

%
EGCG-Audt 93

F 3 EGCC-2&RBEAYWHILMMHWAEIE (a) EGCG-Agt; (b) EGCG-Hg?t; (c) EGCG-Cu?t; (d) EGCG-Fe?t; (e) EGCG-In3*;

(f) EGCG-AP*; (g) EGCG-Au?

Fig. 3. Geometric diagrams of EGCG-metal complexes: (a) EGCG-Ag*; (b) EGCG-Hg*; (¢) EGCG-Cu?*; (d) EGCG-Fe?t;

() EGCG-In**; (f) EGCG-AP; (g) EGCG-Aub*.
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#1 EGCG-&REAYNEEHEK
Table 1. Composite bond lengths of the EGCG-

metal complexes.

EGCG-ZJREAY BHHE R /A

4"0—Ag 2.363

ECGC-Ag*
5'"0—Ag 2.302
4"0-Hg 2.366

EGCG-Hg?*
5'0—Hg 2.333
4"0—Cu 1.941

EGCG-Cu?*
5"0—Cu 1.916
4"0—Fe 1.926

EGCG-Fe2*
5"0—Fe 1.893
40— In 2.929

EGCG-In*+
5"0—In 2.683
470 Al 2.418

EGCG-AP+
5"0—Al 2.008
, 4"0—Au 2.979

EGCG-Aub*
5"0—Au 2.194

). %R Agt, He?+ B 1 Fl BT oYl 72 5k 4
FREBA IR 2.302 AR 2.333 A, Bk He 55+ 5
EGCG Z [ il REAF 7R A EAEFH &R, 2k
TTAEME SRR, B A EHESS. X T EGCG-
In**, EGCG-AB*HI EGCG-Au EZ454), 5 EGCG-
Fe* & AW xt o, nl LA L H X 2 i« otk
S EAYMNE ST K, BEAENAKDE
i SEELION

3.2 EGCG-£EBE4&8%H Mayer 2%

FA BT 1A R A, e Gaussview HEE
U BRI AR R B R e AN 1Y, PRI FRAT]
WHHE T &R E S5Y) Mayer #2¢ 2. Mayer ##
PRI T PR A R RO AR, W
PR SC AT DL A s () 2 i e - R R
XFFEL /XL = 5, Mayer S0 AR 1.0/2.0/
3.0, MIEA SJLT- B4 BEE T 7] Mayer ##4¢
N 0. — T, Mayer #40/0N T 0.5, #B
BEPR A 55 BB . XN R YR 2 P MEAT EGCG-
Cu**#l EGCG-Fe** i & WIE i Mayer # 4¢#
7 0.5, BIERUE A E RS, JUHUE EGCG
5 Fe B FHE S, WA E G5 Mayer §2¢ 57
B 4"0—Fe ##4% 0.594, 5"0—Fe 4% 0.748. 1fij
HAh 4 8B 75 EGCG 1 D ¥ 470, 5"0 JE iU
B ARG BN, ATREASUE B T 59 2 G,

#* 2 EGCG-ZJREAYWHEAH#N Mayer F5
Table 2.  The Mayer bond orders of composite

bond in the EGCG-metal complexes.

EGCG-ZJREAY =Ry Mayerf# 2

4"0—Ag 0.3462

ECGC-Ag*
5'0—Ag 0.4304
4"0—Hg 0.3870

EGCG-Hg**
5'0—Hg 0.4697
4"0—Cu 0.5089

EGCG-Cu**
5"0—Cu 0.5458
4"0—Fe 0.5940

EGCG-Fe**
5"0—Fe 0.7480
4"0—In 0.0742

EGCG-In?**+
5"0—In 0.1183
4"0—Al 0.1635

EGCG-APP*
5"0—Al 0.3022
) 4"0—Au 0.1058

EGCG-Au?*
5"0—Au 0.4331

RIS G VE RS, a2 2 8T DUE B, In+ B8 1
5 EGCG B/ B R f /MY (4"0—1In Y
Mayer % 2% {2~ 0.0742, 5"0—1In B Mayer % 2%
9 0.1183), TR SR AW & B E 5 EGCG R
BETA X, XFHT EGCG-In*E A Y HE
BULTPAEEE SRR

3.3 EGCG-£REAMHBATBESH

MR 4R B 15 EGCG 7ER IR T A e R
WS IVEH, B4 B SR SEEEEE SN i Y HE oy
Ak BRI, 5 G YR o IR 10 3 SR AR R 4
BT (natural population analysis, NPA) -rbEL 0,
NPA J& NBO 7 #rH 4% 0 H R 5, Ba I8
BRI S S AT Y AR Ak g S BB A S 1 HL
0%, A NPA A AT DA &A1 $E
LT 2K . AgtRl He B 7765 & Hi 2 Wil 1,
2 AN IE LT 5 BEGCG WA AR, itk 3 1l
PAF 1 Ag™ Ml Hg & 173 il e ¥ 0.22 F1 0.29 4>
PN IE HLfeT, XAV A B LA i AL, I 2 R
B GAE RS, EBAREE#R e A IR B 1
Fetfl Cu** & +5 EGCC B & A, WAl &8 &
+5 EGCGHE B IE HIE i 12 G4, Tk
YERMKSRATAE, Fe* il Cu* B+ L R A
Ay I # . EGCG-In**, EGCG-AB+ I EGCG-
AWE AW B AR FLAT oA W AR, T
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TIER T “Hk 4547, EGCG /) B ¥R 5 D 3R}
In®*+, AP+H Au* B 0 BRI A BEAE . X &
ES G e a8 A N 155 R B 71 B
I+ &R T 1.92 - ALIEHAT, APTE 5%
T 213 AL IEHL A, 0 AR R T
2.13 AN IE L A7, PR AT LI EGCG Xt I+,
APHHT Aud+3X =B 4 T 25 19 IR 56 P A 2 e Pl
SIWERESH.

*3 EGCG-2REAWHEEE T [ R
S

Table 3. Natural population analysis of composite

atoms in the EGCG-metal complexes.

EGCG-&IREZEY BT IR LA 2341

Ag 0.7803

ECGC-Ag* 4"0 -0.8837
5"0 -0.9144

Hg 1.7086

EGCG-Hg>* 4"0 -0.8860
5"0 -0.9045

Cu 1.4836

EGCG-Cu?* 4"0 —0.8479
5"0 -0.8421

Fe 1.4342

EGCG-Fe*+ 4"0 -0.8121
5"0 —-0.8417

In 1.0761

EGCG-In** 4"0 —0.5587
5"0 -0.6041

Al 0.8686

EGCG-AP* 4"0 -0.5978
5"0 —-0.7942

Au 0.8679

EGCG-Au*t 4"0 -0.5229
5"0 0.6244

34 EGCG-£EESYMEEHE

&IRE TS5 BEGCG Z A RERI KN, hiE
TR 4R E AW S RuE. [RIFHLEE et i
A 4R 2 A A A Re, I X e 4 B T
5 EGCG WE GREMBWNG +%, ©2EAGEH
F 5. X LR AR TS5 EGCG W R
Es A RE, 255 aE 4 FiR.

XA & R A Yas A ae, IROTEME A
VIR 25 G Re 5 48 B T i Ha fof A TIE 3R . — M

KL, 4B BT T B LA RO, MO S AT
W, HAamE A YRIEE G REAT; X T H
AR 48 B T, EGCG 5H N B 25 A e
%, TR A S AR E

—1600

1400 F —1379.5

—1200
—1000
—800
—600

AE/(kJ-mol~1)

—400
—200

Ag*t Hg2+ Cu2t Fet Ind+ Al

Metal ions

Kl 4 EGCG-2REZBYMs &t
Fig. 4. Binding energies of EGCG-metal complexes.

I 4] DIFEH, Agt 15 EGCG B454
fit LA -103.6 kJ/mol, J&-LFE W h & ek
F. XA RN IE M AR B T, He2
F5 EGCG 454 #E&-135.3 kJ /mol, T A
HER A, X WAESE EGCG-He E -8 W% A I
A, EGCG-Fe" 25 (AF = — 225 kJ/mol)
M T REE, 2546 68 H 2R 2R T EGCG-Hg?". 1M
EGCG H A Cut & T2 4 e h-223.1 kJ/mol,
W T HAE A Fe B IS5 G ak. WA & 4548
gL, MEEHIF N CutE 75 EGCG B4
TR T B A, Rt T N B A E RV
T EGCG-Fe** & &¥); R EGCG-Cu* 45 rh
IR S AR HERAE T, (A S5 5 i S EGCG-
Fe 5 A YA AR A7 e 25 .

Bl JEWER IE =M &R s T 5 EGCG A/ )5
MG RE, &L “HRE5 497 (1) EGCG-In+ 5
EGCG-APH, EGCG-AwE A WL G REE T K.
EGCG-In**& &Y B 454 it H-701.2 kJ /mol, 1
EGCG-AB+Hil EGCG-Au45 & B4 92 -1379.5
F-1417.7 kJ /mol. HHEFiHLI7 T8 HY 5 5E, 45
JR A2 EGCG-In**E 59, In* & 15 EGCG
P B A e T B L | VE RS, AR AR DY 3A
HERRAE, H B R (Y W B fiE O i /N T EGCG-
AEEY). M Indt, ABTR Avdt 5 EGCG
Z T (14 W B 7 2 S S e FE A 5 O IR HE R A A
HESC
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(b)

EGCG-Hg?+
()

EGCG-In?t ¢ EGCG-APP+

5 EGCG-4: @ & &% W RDG iR 455 i 11 &
(¢) EGCG-In®*; (f) EGCG-AB; (g) EGCG-Aud*

EGCG-Cu2+ °©

EGCG-Fe2+
(g)

EGCG-Au3t

(a) EGCG-Ag*; (b) EGCG-Hg?; (c) EGCG-Cu?*; (d) EGCG-Fe?*;

Fig. 5. RDG function isosurface diagrams of EGCG-metal complexes: (a) EGCG-Ag*; (b) EGCG-Hg?*; (¢) EGCG-Cu**; (d) EGCG-

Fe**; (e) EGCG-In®**; (f) EGCG-APT; (g) EGCG-Au’t.

3.5 EGCG-£RESYHBHEEIER
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Abstract

Persimmon tannin has excellent adsorption efficiency of heavy metal ions, and epigallocatechin gallate
(EGCQG) is the key structural monomer of persimmon tannin to play its active role. In order to analyze the
nature of the interaction between persimmon tannin and metal ions, in this paper the density functional theory
(DFT) is used to calculate and analyze the interactions between EGCG and metal ions (Agt, Hg?t, Cu?*, Fe?*,
Int, A3, Au®f), from the respects of EGCG-metal complex configuration, Mayer bond order, natural
population analysis, binding energy, and weak interaction. In this paper, the BSLYP combined with DFT-D3
dispersion correction method is mainly used. For metal atoms, the Lanl2dz basis set is adopted. For H, C and O
atoms, the 6-311G (d, p) basis set is adopted for optimizing the structure, and the more accurate 6-311+G (d, p)
basis set is selected for calculating the single point energy. At the same time, the study adds the SMD solvation
model with water as the solvent. All calculations are done by using the Gaussian 09 package. The method of
reduced density gradient function is used to study the weak interactions between EGCG and metal ions. The
results of research show that EGCG-Fe*" complex is adsorbed mainly by chelating bond. However, the EGCG
adsorbs mainly Ag*, Hg?* ions through electrostatic attraction. The configurations of the complexes show that
In3*, AP** and Au®' ions with EGCG form unique “luminal structure” metal complexes, so there is not only
electrostatic attraction, but also aromatic ring stacking between these three metal ions and D ring 4”0, 5"0O.
The calculated Mayer bond order indicates that the bond order of the composite bond is formed by Fe?* ion
and the EGCG is the largest in the seven metal complexes, and the bond order is formed by In®' ion, and
EGCG is smallest. The compound of Cu?* ion and EGCG have chelation, electrostatic attraction and aromatic
ring stacking. By observing the binding energy, it can be found that the more charges the metal ions have, the
easier the charge transfer will be and the stronger the electrostatic attraction of EGCG may be. These results

will provide enlightenment for further studying the mechanism of persimmon tannin's adsorption of metal ions.
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