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THEORY STUDY ON THE ANTIOXIDATION ACTIVITY OF GALLIC ACID
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Abstract: The geometrical structures of gallic acid and its derivatives including methyl gallate (MG), ethyl gallate
(EG), propyl gallate (PG), isopropyl gallate (IPG), butyl gallate (BG) and tertbutyl gallate (TBG) were calculated
by using the Density Functional Theory (DFT) B3LYP method at the level of 6-311+G (d, p). The possible
mechanism of scavenging free radicals of the seven compounds were discussed in detail based on the analysis of
molecular structures, NBO charges on hydrogen atoms, the dissociation energy and ionization potential of O-H
bonds, the energies of the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO), the energy gap between HOMO and LUMO, and etc. The calculated results showed that C2-OH
should be the most active site for eliminating free radicals, next as the C1-OH and C3-OH. Pumping hydrogen
reaction indicated that the order of the antioxidative activities of seven compounds in non-polar solvent listed as:
TBG > BG > IPG > PG > EG > MG > GA. Electron transfer mechanism indicated that the order in polar solvent
listed as: TBG > IPG > BG = PG = EG > MG > GA.
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Fig.1 The molecular structures of GA and its derivatives
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Table 1 The energies of GA and its derivatives

Elauw.(## 1)

E/a.u.(#)7%) IT) RE(E-Ep/AkImol”

GA -646.6941
MG -686.0040
EG -725.3334
PG -764.6575
PG -764.6618
BG -803.9818
TBG -803.9849

-646.6934 1.82
-686.0031 2.24
-725.3325 2.47
-764.6564 2.70
-764.6609 2.40
-803.9808 2.71
-803.9839 2.43
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Fig2 The molecular structures of propyl gallate's radical
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Table 2 The energies of every radicals

GA MG EG PG PG BG TBG
1-OH-a -646.0577 -685.3682 -724.6978 -764.0219 -764.0264 -803.3463 -803.3497
1-OH 1-OH-b -646.0532 -685.3638 -724.6934 -764.0175 -764.0220 -803.3419 -803.3453
1-OH-¢ -646.0459 -685.3564 -724.6801 -764.0102 -764.0146 -803.3346 -803.3379
2-OH-a -646.0678 -685.3785 -724.7081 -764.0322 -764.0367 -803.3566 -803.3600
2-OH-b -646.0583 -685.3690 -724.6987 -764.0227 -764.0272 -803.3471 -803.3505
on 2-OH-¢ -646.0576 -685.3682 -724.6977 -764.0217 -764.0263 -803.3461 -803.3496
2-OH-d -646.0452 -685.3558 -724.6854 -764.0094 -764.0139 -803.3337 -803.3371
3-OH-a -646.0570 -685.3676 -724.6972 -764.0213 -764.0258 -803.3456 -803.3491
3-OH 3-OH-b -646.0444 -685.3548 -724.6843 -764.0083 -764.0129 -803.3327 -803.3361
3-OH-¢ -646.0518 -685.3624 -724.6919 -764.0159 -764.0205 -803.3402 -803.3438
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Table 3 The main geometry parameters of GA and its derivatives
Reayon Reeyor Reprop Rowmya Rowme Roae
GA 0.1361 0.1365 0.1376 0.09661 0.09663 0.09626
MG 0.1362 0.1367 0.1376 0.09661 0.09662 0.09625
EG 0.1362 0.1367 0.1376 0.09661 0.09662 0.09625
PG 0.1362 0.1367 0.1376 0.09661 0.09663 0.09625
PG 0.1362 0.1367 0.1377 0.09661 0.09663 0.09625
BG 0.1362 0.1367 0.1376 0.09661 0.09663 0.09625
TBG 0.1363 0.1367 0.1377 0.09661 0.09663 0.09625
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Table 4 The NBO charge on the hydroxyl H atoms

GA MG EG PG IPG BG TBG

1-OH 0.488 0.487 0.487 0.487 0.487 0.487 0.487

2-OH 0.501 0.500 0.500 0.500 0.500 0.500 0.500

3-OH 0.487 0.486 0.486 0.486 0.486 0.486 0.486
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Table 5 The BDE and IP of O-H bonds at different position of GA and its derivatives

BDE(1-OH-a) BDE(2-OH-a) BDE(3-OH-a) IP(1-OH-a) IP(2-OH-a) IP(3-OH-a)
GA 320.5163 2959181 3223548 2449.66 2415.09 245449
MG 317.1884 2923038 318.8592 2434.69 2397.75 2438.53
EG 315.4951 290.4685 317.1454 242976 2393.30 2433.56
PG 313.7321 288.7385 315.5266 2428.57 2390.85 243253
PG 313.8005 288.7798 3153714 2425.55 2387.75 2429.19
BG 312.2457 287.5318 314.0187 242775 2390.07 2431.92
TBG 3115122 286.5202 313.2091 2419.13 2381.20 2423.04
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Table 6 The HOMO energies of GA and its derivatives

BT 1-OH-a 2-OH-a 3-OH-a
GA -0.2394 0.2466 0.2433 -0.2475
MG 0.2354 0.2425 0.2387 -0.2432
EG -0.2344 02414 0.2374 -0.2420
PG 0.2345 0.2414 0.2374 -0.2420
PG -0.2337 0.2405 0.2366 -0.2411
BG -0.2344 02413 02373 -0.2419
TBG 0.2324 02391 0.2350 -0.2397
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