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# (Hydrogen-atom Transfer, HAT) i1 F 682 J5 5t
T (Single Electron Transfer Followed by Proton
Transfer, SET-PT) FI i JF 5T -1 2% B 5 4% % ( Se-
quential Proton-loss Electron Transfer, SPLET ) 3
S IR £ = Vi S = R A & e e el [ DO R )
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FALTEPEJEAT T LLEE, (140, V. E. Steele 55 F1 1]
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FAb 2 2% B2 yZ PR RIS (Density Functional Theory,
DFT) B & i , TR0 12 C O ik — A0 i R S 56
25 SO BT AT vy TR DFT
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1 W57k

A 2 Gaussian 16 H4 4210 58 i, ,
FI GaussView 6 3142 @ 43 FHRIAL T M06-
2X 7 AT A3 55 AH ELAE FH R 2 B T v A
DFT LAY 5% F M06-2X/6-311++G(d,p) /M06-
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TRV VPRI, H v 2 A0 K ] A5 400 240 e A I 19 2
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S MIF5E 2 1Y iy e e R BR & M i h 5, X
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SEAEHL G0 H 1 LUR $O0)2 S 80 8 A 2 B
( Bond Dissociation Energy, BDE) . #5534 ( Tonization
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AR SARRIVE 70 PP 08 5 1 R T I A 22 B 2% 2.
Markovié %5 > B 5 AT . X 35 & e 2 1k
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Fig. 1  Structure diagram of EGCG and theaflavin
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F T RE , AL TG >0 X
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BUN, ATRERM TRER C A fyikrh &5
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YER,
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T-#138 ( Lowest Unoccupied Molecular Orbital, LU-
MO) R BB 24 5 HIRHI Wt 43 1A e Pk AL 50
PSS, Eyono BEREER, LT ROANERE A 5 45
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M HOMO #LEBRIT 3] LUMO #1521 RE &, BB



25060000049012 12 fR A HE. fbd
4.
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Table 1 The phenolic hydroxyl O—H bond length and C—O—H bond angle of EGCG and theaflavin

o ) TR R TR RREm AL
R e st VA O ()
C,0—H — 0.096 1 C,—0—H — 107.9
C,0—H 0.096 0 0.096 0 C,—0—H 109. 7 109. 8
C,0—H 0.096 0 0.096 1 C,—0—H 109.5 109.9

C, 0—H 0.096 1 0.096 4 C,—0—H 110.0 107.6

C, 0—H 0.096 4 — C,—0—H 108. 3 —

C;, 0—H 0.096 6 0.096 1 C,—O0—H 107. 4 109. 2

C, 0—H — 0.096 7 C,—0—H — 108. 7

C, 0—H 0.096 4 — C,—0—H 108.0 —
C,0—H 0.096 5 — C,—0—H 107.9 —

C, 0—H 0.096 9 — C,—O0—H 109. 1 —
C,0—H — 0. 096 2 ¢,—0—H _ 108.9
c,0—H — 0.096 6 c,—0—H — 107. 4
C,0—H — 0.098 2 C,—O0—H — 107. 4

T —FORIRGE ILA TE I R

ZERBIN | HL RS 2 RO G RO TR, B T M
B, 5 22 MO N R 5 kAR L B FMO
P AT B b 73 T 43 Hh 2 5 50 8 3 M 67 A5 R
SAATE L, 7T B HOMO 2 2 Bl ey, f A il
A5 1 PR 2k & A N, L% 2 v 1) DX 3 ] R 2 Bt
AL R (G AL S, EGCG MIZR 8 R E o«
Evomo K AE o nowoy W 2, R 2 I, 28R
(1 AE o - owo, /DT EGCG, AT HEMI 2% 2 R LA
SR P AT, EGCG MASHE R A FMO 454 1A
mE 2 iz, HE 2 7H L EGCG [ HOMO #LiE 7E
D3 L Cufl C By R T i £, R H
F 1Y HOMO HUBTERYF sl Mgt vh B/ 3F LY C,
G, Pyl F R 2 X il — 35 A
SR AT
2.3 MSEP 43#f

MSEP JEF5Kf B07 IF F faf G55 12 40 F% 51 43 F
JEL L 2 ) e e Ak T A ) By, S B 5 A AN AR B A
MWEESHRZ —, 5T TEAS O] U6 B B K #E
Ao P FH A0 R B W PR AR AR 5 20 2 )
LV L 900 5 7 T A A O T LA R
o A e R 43 AR 3R SR A S N A7 a5, FLASEAER A 3

£2 EGCGFHEEZFEY E oEnovo
B AE 110 - Howo)

Table 2 E, o, Eyouo and AE (LUMO - HOMO)
of EGCG and theaflavin eV
6}% ELLMO EHOMO AE( LUMO-HOMO )
EGCG -0.05 -7.35 7.30
AR -1.13 -6.80 5.67

LUMO
a)EGCG

HOMO LUMO

bR R
B2 EGCG %% %69 FMO %4 B
Fig. 2 FMO structure diagram of EGCG and theaflavin
AR SR B RN P EGCG MR R W
MSEP W& 3 firzs , Horb | 260 28 5 S e oL 345 (1 5
55, B R IE A X SR 2T 8 3R, B SOl
DI W 30 | 43 3R T8I A A A3 2o 3 €2 /N B
BRI R W /IME S i 2k /NE R R IR 3R]
HLEGCG 73 FIE Y AT AR MSEP /M H
-160.29 kJ/mol, i F ¥ 3& [} it ; MSEP # K{A N
254. 81 kJ/mol , fii T C, iR IEMtir, KRN T
H MSEP /M N = 177. 40 kJ/mol , it T~ 4 B 51 i
Fi 45 ¥4 v C, 7 By 2 B T ; MSEP & K {H 4
276. 23 kJ/mol , fii F C, 1l #2303, ik, 724k
5 NARR Y BE, 27 HLU IR R RN S A% ) 3 4o e
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+263.42
aft i
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] f I-E
3 o " e g N . 'H%
-123.9 w7 "
]/\» 7 ¢ _135.90
b <
% ‘ ~153.01
+214.01
bR HE

B3 EGCG f= %3k %4y MSEP
Fig.3 MSEP of EGCG and theaflavin

SRR AEMEN, X250 5 FMO 4344 R
F—3, [ B 3 M EJTERR T MSEP 4016 i
il ,EGCG FI 45 8 % ) MSEP ¥ 32 % 73 £ 1 - 80 ~
40 kJ/mol , % X [H] 43 & 181 AR 43 1) i e 3R T AR Y
70. 65% F1 66. 46%
2.4 BHHEEBFBRYLEISHR
2.4.1 HAT ¥L#H ArOH i i3 O—H %l 25 1
MR TR S EEE AR (R ) ERTER
RH M4 H 3L (A0 ), BDE J& 53X — LA
KB BDE #U%, PLA AL TG PR

EGCG MIZE B RAEUMH  EHKIE R H Y BDE
W3, HF3 M, EGCC MZE i ZEAFNFh
() BDE #£ 321.9 ~476.0 kJ/mol 5 P, 1X 5 3CHik
[36] T HABZ WAL Y H) BDE {HIEFEARRL, X
T EGCG, 7E 3 M it 5514 T B3R B h C,—OH 4k
BDE /)N, WY EGCG 5%k FM NI, 5 C,,
S AH I 1) My 2 R BT oy W 5 e A ity L S A 0T 1Y
Yoo, #E R B A 0 B R TE R E T ; C,—OH

b BDE 55K, C, Sr g & S B ME AT, X T2
BE 3 MM T %M C,—OH 4 BDE
e/, B C AVl 0 R 55 5y 3R AT, i 2 B0 B A
1 A BRI BRAE T SAHSA T C,—OH 4 BDE #
K, EFKIER 4T €,—OH 4t BDE K, A
FNAESAT . Horh 2B (C,) BY BDE f=Ai%, A
I, 25 8 BA WA AT B G, R
BRAV AT

2.4.2 SET-PT HL#H  SET-PT HLH 4145 9 4 &0
FES—B RN, BT e ArOH #6823 A i 3
b R H R A e ArOH ™ 1R S8 B R v
BT ArOH ™ " #EF83) ArO ", IP 55— W
I W S8, PDE & 5% X RN H XN S
T EGCG RIS e SAH IR RUK B R
IP Al PDE W36 3, W3 3 Al WL, AN 45 0F R 4%
BRI IP YT EGCG, KA # K 1yt T fiE
T EGCG, ZXfH, IP 5 HAT Ll H Y BDE ita
PAAF . PHESF H B B2 B 1Yy, X4 Fp A 5T
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Table 3 BDE, IP, PDE, PA and ETE of EGCG and theaflavin in gas, benzene and aqueous solvents

kJ/mol
HAT SET-PT SPLET

FRHLAL BDE IP/PDE PA ETE

SRR K M OORER KA SRR KR A R K

EGCG P 7645 60841 11336.2

C,—OH 3740 369.0 369.1 PDE 920.7 -5302.0 -10804.1 1448.6 459.1 145.0 236.6 323.0 387.2
C,—OH 452.7 456.2 372.8 999.4 -5214.8 -10800.4  1389.1 423.2 145.2 374.7  446.2  390.6
C,—OH 390.1 453.9 370.6 936.8 -5217.1 -10802.6  1401.9 432.1 149.5 299.4 4349  384.2
C,—OH 362.6 359.3 363.7 909.3 -5311.7 -10809.5 1353.9 391.5 126.6 319.8  381.0  400.1
Cs—OH  340.6 337.5 339.1 887.3 -5333.5 -10834.1 13743 411.3 136.5 277.5  339.4  365.7
C,—OH 343.8 341.3 348.9 890.5 -5329.7 -10824.2  1392.4 413.8 122.3 262.5  340.7  389.7
C,—OH 362.9 360.0 367.5 909.6 -5311.0 -10805.7 1397.9 421.5 133.9 276.1  351.6  396.7
Cy—OH 3427 343.1 353.2 889.4 -5327.9 -10820.0  1362.6 402.4 136.9 291.2  353.8 379.4
KER P 691.8  577.9 461. 4
C,—OH 358.2 360.4 370.6 PDE 977.6  195.6 7.3 13449 404.7 1522 324.5 368.9 381.5
C;—OH 3653 363.0 370.4 984.7  198.3 72.1 1418.1 405.2 147.8 258.4  370.9 385.7
C,—OH 442.4 4343  450.2 1061.7  269.6 151.8 1508.3 508.4 201.3 2452 339.0  412.0
C,—OH 364.8 343.9 344.1 984.1  179.1 45.8 1407.5 441.5  139.8 268.5 315.5 367.3
C;—OH  368.3 364.7 358.9 987.7  199.9 60. 5 1386.2 441.6  136.9 293.3  336.2  385.0
C,—OH 332.4 321.9 337.5 951.8  157.2 39. 1 1333.1 410.6 122.3 310.5  324.4  378.2
C,—OH 425.9 436.5 476.0 1045.3  271.8 177.7 1333.1 485.3 194.2 404.0  364.4 444.8
C,—OH 362.7 363.1 372.7 982.0  198.4 74.4 1369.2 414.0 1450 304.6 3623 390.8
C—OH 353.9 329.9 374.6 973.3  165.1 76.2 1322.6 347.7 149.7 342.4 3953 387.9

IR AR H U, 3T EGCG, ZEFK I H i 1P
BE ST P, F A AE ALH] A A —
A BN M AR X TR 8 2 K R iy P Wt
R TSAFEE R Y 1P, R TEZ S T Btk
FEA et f A4S . BLAh, EGCG 7 3 Rl i 4%
R PDE ¥4 C;—OH Ab/lh, C,—OH 4bfck;
IR ETE 3 PB4 T PDE ¥ C,—OH &b
BN ABSMSEET C,—OH bk, K77 4%
RGBSR T ¢, —OH 4bf kK, X5 HAT
PLHIH A BDE 1345 R —5, H¥ ,EGCG(Cy) 1Y
PDE A%, K, A [F v B 244 T EGCG RA HUf
BT EATE TR, B Co R HRIRERAL A, X T EGCG
MR R KIEFIF Y PDE B KT S A A7 7
Hii) PDE , BT R KV 300 < AR 70 <SOM DRI, 1
PEA BAl R o T BS . 7380, X T EGCG MIZE B
R AMENT 1P X T PDE , RWISAR S AR
SET-PT MLl 25— 25 S i B FEE2 0, T <A %
£~ BDE It IP ik, 2 W] HAT #Li| Lt SET-PT #L
A PR3 IR SAE T, PDE ik T 1P, % SET-

PT HLI oS =20 O %t B B bR e ) B
S TVA R 44 R 19 PDE X BDE ik, 69 SET-PT
ML HAT ML 3

2.4.3 SPLET HL#  SPLET ML 445 W6 4 5,
FESF—H IV, ArOH f# B BB F ArO™ R
RS A R L NS ArO™ 557551 ArO ™,
WL PA I ETE ) AT T fff I 52 36 14 25 53 7 AL AN
HL RS, EGCG FIZE B R AE A R FK I
My PA R ETE W3R 3, W3R 3 W R, X F
EGCG, SAHFI AR H 5T C,—OH &b PA F/)y,
Cs—OH &b PA f K /K FI 5544 T C,,—OH 4k PA
/N, C,—OH 4k PA fok o X T AR, 3 Fir o
SN R PA #4928 C,—OH Abfe K BSAFIZEIA 5]
FAF T RGF L R 5 h C,—OH Abdge/ ]y, 7K ¥ 5
AT C,—OH &b/, XF EGCC MAE R, K
AT PA BT ST PA, HIBT Ry
TRV FR <RV R <A, AT AR P A 3R] AR 2 2 57
fEEFE . e Ah, X T EGCG, S AR R &4
C,—OH 4k ETE fiz/IN,C,—OH 4b ETE f2 K ; KIEH
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BB E . RTHEZRE LS TR EGCC 55 E X thin a1 E % -7 -

%1FF C,—OH &t ETE £/, C,—OH At ETE £
Ko X THRER, KMEMT C,—OH A ETE #
INERUKIEF ST C,—OH &b PA 2/ S AN
IKE NS ARG 5 By M 25 # f C,—OH Ak ETE
B, RIER ST C,—OH A4 ETE fr k.,

X T EGCG MIZS B ER , ARSI N ETE Ik
T PA, WS AR S %F SPLET #LH Fh &5 — 48 ;2
BAEZER W, MMM N ETE L BDE X,
BDE X It PDE A%, %0 SPLET MLl 2 FE 2/ A
FLIE R PR, U2 HAT BLHL KR F &4 F, PA
AR T ETE , F/KIER 405 SPLET ML 26
— 3 RN ELA LRSI T K R 444 Y PDE L
PA A%, PA 3 LG BDE A%, 2B SET-PT Bl 2 £ 2 1)
B L BRALED, RS SPLET AL, X —45i8 5
SET-PT HLil 3 Hrat R —3L,
2.5 BREESHHW

Z AW o ER R R AU TR
BB E M R B T ) B R B
FEVE, AT BE A AT 2 PP B AR e PR R R
Bio — M FI T8 25 BE o3 A Bk X 5] X RR R AT, R
SRS, A ST RIS MEAGR Y A A
T EGCG FIZE R H A1) B BE% B/ an &l 4 fir
L HH a)—h) S EGCG 4% H M &/ [ e % 1 4
i ;i) —q) AAEE RS A MR H % E S, M
Kl 4 W] A1, EGCG ' B ¥ (C,—OH, C,—OH
C,—OH) 1 D ¥ ( C,—OH,C,—OH FI C,—OH)
REBFREE SR F )G A BE% B A 3 (C—
OH F1 C,—OH) B ¥ 5)  Hrp i T C,—OH 7l 5
C,—OH B s> T M &4, C,—OH H itk k&
Wy L AR SRR T 0 A e A R B N, N
0.313, 1 Cs—OH H H & Hh A R U519 B e i &

B, A 0.900, Kk, EGCG ' B 3 C,—OH
A TG BRI PR R . R R P B R (C,—OH)
M B'¥R(C,—OH 1 C,—OH) Kk LR EAE TG
HBER A L A 2R AYFR C A C' IR H
T C,—OH "5 ¢, = 0 B i 4r T N & 5,
C,—OH A HEfR LA TR RN A
WA FEEUR /N, O 0. 218, 1 C,—OH [ H J& A R
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based on density functional theory
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Abstract: The molecular structures and corresponding free radicals of the mian functional components
epigallocatechin gallate (EGCG) and theaflavin in green tea and black tea were theoretically calculated by using
the density functional theory ( DFT) method of quantum chemistry. The differences in antioxidant activity and
solvation effect between EGCG and theaflavin were analyzed using various antioxidant indicators, and the structure-
activity relationship between the antioxidant activity of EGCG and theaflavin and their corresponding molecular
structures was explored. The results showed that theaflavin had higher antioxidant activity than EGCG, and its
frontline molecular orbital energy level AE | yo.0m0) Was only 5. 67 eV, phenol hydroxyl BDE of C,—OH was only
321.9 kJ/mol, IP was only 461. 4 k]/mol, and the spin density of C,—OH oxygen atom was only 0. 218. In non-
polar solvents, sequential proton-loss electron transfer ( SPLET) is the preferred reaction mechanism. In polar
solvents, single electron transfer followed by proton transfer (SET-PT) is the preferred reaction mechanism. C;,—OH of
B ring may be the reactive site of EGCG, while C;,—OH of A’ ring may be the reactive site of theaflavin.
Therefore , theaflavin has strong antioxidant activity, and the position of the phenol hydroxyl group has a significant
influence on it. The DFT method can provide a new perspective for studying the antioxidant activity of tea’ s
functional components.

Key words : epigallocatechin gallate ; theaflavin ; density functional theory ;antioxidant activity ;free radical
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