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Tém tit - Ly thuyét phiém ham mat d6 di duoc ap dung dé
nghién ciru kha ning chéng oxy héa ciia Ferulic acid va Thymol
trong pha khi va pentyl ethanoate. Cic co ché phan tng va cac
thong 6 nhiét dong hoc da duoc dugc khao sat & mirc ly thuyét
MO05-2X/6-311++G(d,p). Bén canh dé, hing tdc do trong phan
g giita Ferulic acid va Thymol véi gbc tw do HOO" da duoc
tinh toan theo co ché chuyén nguyén tir hydro va co ché phan tng
cong trong pha khi va dung méi pentyl ethanoate. Két qua cho
thiy, Ferulic acid c6 hing s6 téc do tdng cong 1a 8,43x10* M1s?
trong pha khi va 3,20x10* M-1s trong pentyl ethanoate, trong khi
c4c gia tri nay ciia Thymol 1an luot 13 4,09x104 M1s?; 6,30x103
M5t Nhu véy, Ferulic acid 1a chit c6 kha ning bét gbe tu do tdt
hon Thymol trong ca pha khi va pentyl ethanoate.

Tu kh(")a - Chét chéng oxy hoa; Ferulic acid; Thymol; géc tu do;
hang so toc do.

1. Pat vén dé

Ferulic acid ([E]-3-[4-hydroxy-3-methoxy-phenyl]axit
prop-2-enoic) thugc nhéom cac axit phenolic thu(mg duoc
tim thay trong cac mo thyc vét [1]. Day 1a hop chat thuong
duoc tim thdy nhiéu nhét trong ngii cc nguyén hat, rau bina,
rau mui tay, nho, dai hoang va hat ngi coc. Ferulic acid co
doc tinh thap va co nhiéu chite ning sinh 1y, bao gdm chdng
viém, khang khuén, chdng ung thu... Vi vy, n6 da duoc st
dung rong réi trong linh vyc dugc phém va thuc phém.

Thymol (5-Methyl-2-(propan-2-yl)phenol) la
monoterpene phenol, c6 mit trong cac loai tinh dau dwoc
phan 1ap tr céc loai thuc vat thudc ho Lamiaceae,
Verbenaceae, Scrophulariaceae [2]. Nhitng loai tinh dau nay
thuong duoc sir dung trong nganh cong nghiép thuce pham
dé tao huong vi, mui huong. Bac biét, trong y hoc ¢d truyén,
né duoc sir dung dé didu tri dau dau, ho va tiéu chay. Bén
canh d6, Thymol con dugc quan tam nhiéu véi vai tro 1a chét
chdng viém, chng nhiém tring va khang khuan.

Ferulic acid va Thymol la nhitng phén tr c6 chua lién
két O-H v6i ning lugng phan ly lién két thip [3, 4]. Vi
vay, chung hira hen s€ 1a céac chét chéng oxy hoa tiém
nang. Tuy nhién, cac nghién ctru vé hoat tinh chéng oxy
hoa cua Ferulic acid va Thymol van con rét han ché, dic
biét 1a co ché bat géc tu do cua nd. Chinh vi vay, trong
nghién ctru nay, kha ning chéng oxy hoéa cta ching s&
dugc danh gia boi nhiéu co ché khac nhau nhu: Co ché
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chuyén nguyén tir hydro (HAT), co ché chuyén electron
chuyén proton (SETPT), co ché chuyén proton chuyén
electron (SPLET) va co ché cong gbc ty do (RAF) [5-7]
trong ca pha khi va pentyl ethanoate (m6é phdng cho méi
truong khong phan cuc).

2. Phuong phap nghién ctru

_Phuong phap M05-2X duge dé xuét boi cc tac gia phat
trién nén no [8] va nhiéu nha khoa hoc ciing da su dung
thanh céng phuong phap nay khi tinh toan vé dong hoc
phan tmg. Chinh vi vy, M05-2X/6-311++G(d,p) s& dugc
ap dung dé tinh toan cac thong s6 nhiét dong hoc va hing
sO tde do trong phan tmg giita Ferulic acid, Thymol va
HOO". T4t ca cac tinh toan dugc thuc hién bai phin mém
Gaussian 09 [9].

Bon co ché dugc sir dung rong rai dé danh gia kha nang
chdng oxy hoa ctia mot hop chét 1a: co ché chuyén nguyen tur
hydro (HAT), co ché chuyén electron chuyén proton
(SETPT), co ché chuyén proton chuyén electron (SPLET) va
co ché cong gbe tw do (RAF). Chi tiét vé cac co ché phan ing
va cach tinh toan c4c thong sé nhiét dong hoc va hing sb toc
dd duoc trinh bay ¢ Bang S1 trong phan Thong tin hd tro.

Néu phan tng xay ra theo nhidu co ché khac nhau nhu
HAT va RAF, thi tc do phan tng téng s& duoc tinh theo
cong thirc sau [10]:

Kiot = KHaT + Krar 1)
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Phan trim lugng tuong ddi cta san pham (I'j) dugc tao
ra theo cac co ché phan ung khac nhau s& duoc xac dinh
nhu sau:

k

r,=—-100 2
=7 @

tot

Trong d6, i dai dién cho mdi co ché phan tng.

3. Két qua va thao luan

Dau tién, cac dang cau hinh ciia Ferulic acid va Thymol
s& duoc khao sét & muc Iy thuyét M05-2X/6-311++G(d,p)
dé tim ra dang cau hinh bén nhat (Hinh 1). Sau d6, kha ning
chdng oxy héa ctia Ferulic acid s& dugc khao sat theo ba co
ché: HAT, SETPT va SPLET trén quan diém nhiét dong
hoc. Cac dai luong nang luong phén ly lién két (BDE),
nang lugng ion hoa (IE), nang lugng phan ly proton (PDE),
4i lyc proton (PA), nang lugng trao doi electron (ETE) da
duoc tinh toan trong ca pha khi va pentyl ethanoate va dugc
trinh bay ¢ Bang 1.

Hinh 1. Cdu trdc t6i uu cua Ferulic acid va Thymol

Khi xét theo co ché chuyén nguyén tir hydro, ning
luong phan ly lién két (BDE) 1a mot trong cac dai lwong
quan trong can khao sat [11]. Cac lién két 02-H23 cia
Ferulic acid va O1-H25 ctia Thymol ¢6 nang lugng phén ly
lién két thdp nhit d6i voi mdi hop chét. Cac lién két nay
lan luot c6 gia tri BDE 14 80,2; 84,7 kcal.mol trong pha
khi (Bang 1). Trong pentyl ethanoate, gia tri nay ting 1én
v6i Ferulic acid (82,0 kcal.mol™?) nhung lai giam nhe véi
Thymol (84,5 kcal.mol™2).

Xét theo co ché SETPT, gia tri IE va PDE can duoc
khao sat. Ferulic acid c6 gia tri IE 1a 184,9 kcal.mol™, gia
tri nay ctia Thymol 1a 184,4 kcal.molL. Céc gia tri nay déu
giam manh trong mdi truong pentyl ethanoate tir 47,5 +
50,2 kcal. molt. Diéu nay chimg t6 qua trinh cho electron
cua Ferulic acid va Thymol thuan 1¢gi hon trong méi truong
pentyl ethanoate. Tuong tu IE, gia tri PDE ctia Thymol va
Ferulic acid cling giam tr 205,2 + 205,9 kcal.mol .

Xét theo co ché SPLET, PA va ETE ciia cac chat chong
oxy hoa la cac dai lugng can duoc tinh toan. PA cua
Ferulic acid va Thymol lan luot c6 gia tri 1a 3256 va
345,7 kcal.mol L. Céc gia tri nay déu giam trong dung moi
pentyl ethanoate. Ngugc lai, ETE cta Ferulic acid va
Thymol lai ting 1én trong pentyl ethanoate. Diéu nay chimg
td qua trinh cho electron cta anion khong thuén 1oi trong

moi truong pentyl ethanoate.

Trong ca hai moi truong, gia tri BDE cua cac lién két
trong Ferulic acid va Thymol nho hon tong gi4 |E va PDE
hodc PA va ETE. Vi vy, c6 thé két luan rang HAT la con
dudng phan mg cha yéu trong pha khi , trong khi SPLET
1a co ché chinh trong dung mai pentyl ethanoate khi xét
trén quan diém nhiét dong hoc [12].

Bing 1. Cdc théng s6 nhiét dong hoc ciia Ferulic acid va

Thymol trong pha khi va trong pentyl ethanoate

Céc thong sb Ferulic acid Thymol
hiét dong h
T ealmolly | Phakhi | PE | Phakhi | PE
BDE 802 | 820 | 847 | 845
IE 1849 | 1374 | 1844 | 1342
PDE 2004 | 34 | 2143 | o1
PA 3256 | 554 | 3457 | 678
ETE 687 | 854 | 530 | 755

Dé c6 sy danh gia tong quan hon vé kha ning bat gdc
tu do cua Ferulic acid va Thymol, dong hoc phan ting cua
chung véi gdec HOO" (dwoc lwa chon lam dai dién) [10]
dugc nghién ctu ¢ cung muc 1y  thuyét
MO05-2X/6-311++G(d,p). Hai co ché dugc lya chon khao
sat 1a co ché chuyén nguyén tir hydro (HAT) va co ché
phan tng cong (RAF) trong ca pha khi va pentyl ethanoate.

Inter 1 TS

Chét phan g Inter 2 San phim

Niing lrgng twong dbi (kcal.mol™)

-16 —— HAT-01-H25-Thymol + HOO

—— HAT-02-H23-Ferulic acid + HOO"

Hinh 2. Bé mat thé nang cua phan ung giika Ferulic acid va
goc HOO" theo co ché HAT

Diu tién, phan tmg cta Ferulic acid, Thymol va HOO
duoc khao sat theo co ché HAT. B& mit thé ning cua phan
{mg giita chiing vd HOO" theo co ché HAT trong pha khi
dugc biéu dién ¢ Hinh 2. Céc phan ting bat dau véi sy hinh
thanh cua trang thai trung gian 1 (Inter 1), qua trang thai
chuyén tiép (TS), hinh thanh trang thai trung gian 2 (Inter2)
va tao ra san pham. Ferulic acid ¢6 cac gia tri ning luong
twrong dbi Inter 1, TS, Inter 2 va san pham 1an luot 1a -4,3;
-8,6; -11,6 va -4,2 kcal.mol™ & vi tri 02-H23. Trong khi d6,
céc gia tri nay ctia Thymol 14 -3,9; 8,7; -8,4 va 0,3 kcal.mol
& vi tri O1-H25. Nhin chung, vi tri 02-H23 cua Ferulic acid
¢6 céc gia tri nang luong Interl, TS, Inter2 va san phdm déu
thdp hon gia tri nay & vi tri O1-H25 cua Thymol.

Tiép dén, hang s6 toc do phan tng cia Ferulic acid,
Thymol véi HOO® theo co ché HAT dugc tinh toan bang
phan mém Eyringpy [13]. Két qua & Bang 2 cho thay, hing



60 Dinh Quy Huong, Nguyén Thj Huyén Tran, Tran Dwong, Pham Cam Nam

sO tbe d6 phan g cua Ferulic acid ¢ vi tri 02-H23 ¢6 gia
tri 1a 8,43x10* M~s7! trong pha khi va 3,20 x10* M-1s!
trong pentyl ethanoate. Trong khi do, gia tri nay cua
Thymol tuong tng la 4,09x10*M-1s71 va 6,30x103 M-1s2,
Nhu vay, Ferulic acid 1a chat co kha niang phan tmg véi
HOO" theo co ché HAT nhanh hon Thymol ca trong pha
khi va trong pentyl ethanoate.
Bing 2. Cac gid tri tinh todn dwoc khi khdo sat phan ung gitta
Ferulic acid va HOO® theo co ché HAT

Hop chét Pha knat (M~Ls™)
Ferulic acid Pha khi 8,43 x10*
02-H23 PE 3,20 x104
Thymol Pha khi 4,09 x10*
01-H25 PE 6,30 x103
Chit phin émg TS Sin phim
18 178

= RAF-C5+ HOO

3.2 RAF-CT + HOO:
30 RAF-C8 + HOO:

Ning hrong twong déi (keal.mol ™)

o RAF-C9 + HOO

Hinh 3. Bé mdt thé nding ciia phan ung gitfa Ferulic acid va
HOO" theo co ché RAF
Bing 3. Cac két qua tinh todn dwoc khi khio sat phan img gitta
Ferulic acid va HOO' theo co ché RAF

e | i | ey | e
C5 3,13x108
c7 2,17x10*
C8 1,63x10°
Pha khi Cc9 9,63x10* 4,01x10L
C10 3,13x10
cl1 2,65x1072
C12 3,73x101
C5 2,10%x108
c7 3,70x10°
C8 1,40%10°
etﬁggggte €9 3,10x10 6,86x102
c10 5,80x10¢
Cl1 2,20x1078
C12 6,66x1072

Hai phan tir Ferulic acid va Thymol c6 cac lién két pi &
nhan thom, vi vy ching c6 thé phan Gng véi HOO' theo
co ché phan ung cong (RAF) o cac vi tri do. Hinh 3 1a bé

mit thé ning theo co ché phan tmg cong khi Ferulic acid
phan tmg vai gdc tw do HOO" trong pha khi. Quan sat Hinh
3, nang lugng tuong d6i cia trang thai chuyén tiép (TS) &
cac vi tri C5, C7, C8, C9, C10, C11 va C12 ¢6 gia tri lan
luot 1a 17,8; 13,0; 15,1; 11,8; 14,4; 9,6 va 8,0 kcal.mol™.
Nhu vay, phan ung ¢ vi tri C12 ¢6 gia tri TS 1a thap nhat.
Dua vao phan mém Eyringpy, hing s6 toc do phan tng
theo co ché RAF (krar) duoc tinh todn ¢ Bang 3. Hang sd
phan tng tong cong theo co ché RAF cua Ferulic acid véi
HOO" c6 gia tri 1a 4,01x10" M-Is trong pha khi va
6,86x102 M~1s~* trong pentyl ethanoate.

Bé& mit thé nang phan g ctia Thymol va HOO" trong
pha khi ciing dugc mé ta & Hinh 4. Ning luong twong ddi
cia trang thai chuyén tiép (TS) ¢ cac vi tri C3, C7,
C9, C10 cia Thymol c6 gia tri lan luot 1a 16,0; 15,2;
12,4; 14,3 kcal.molX. Nhu vdy, trong cdc vi tri phan tmng,
C9 c6 gia tri TS 1a thap nhat. Hang s6 phan tng tong cong
theo co ché RAF ctia Thymol véi HOO® ¢6 gia tri l1a
3,21x10° M-1s~* trong pha khi va 2,41x10* M-1s™! trong
pentyl ethanoate.

Chit phan émg TS Sin phim

16,0

RAF-C7 + HOO"

2i5m RAF-C9+HOO

Nang lugng twong dbi (keal.mol')
o

RAF-C3 + HOO*

Hinh 4. Bé mdt thé ning ciia phan img gitta Thymol va HOO*
theo co ché RAF

Nhu vay, xét theo co ché RAF, Ferulic acid c6 hang sd
tbc d6 phan mg tong cong cao hon so voi gia tri nay cia
Thymol trong ca pha khi va pentyl ethanoate.

Luong san pham cua timg loai phan tmg giita cac hop
chat nghién ciru véi HOO® dugc tinh toan theo cong thirc (2).
Séan phém dugc tao ra theo co ché HAT chiém 100,0 % so
v6i tong san pham duoc tao ra theo hai co ché HAT, RAF.
Nhu vay, HAT 1a co ché chinh khi Ferulic acid va Thymol
phan tng véi gde tu do trong ca pha khi va pentyl ethanoate.
Bing 4. Cdc két qua tinh todn duoc khi khao sat phan umg giita

Thymol va HOO" theo co' ché RAF

Pha Vi tri krar (M1.s™) | Kearqowy (M™'s™)

C3 4,52x10%
c7 4,70x10°

Pha khi 3,21x10°3
c9 2,95x10°
C10 2,05x10*
C3 6,84x107

Pentyl C7 3,60x10 .

ethanoate c9 4.70x10° 2,41x10

C10 1,90x10*




ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 21, NO. 8.2, 2023 61

4. Két luan

Kha ning chéng oxy hoa cua Ferulic acid va Thymol
da duoc nghién clru bang tinh toan hoa luong tir. Két qua
cho thay:

- 02-H23 va 01-H25 1a hai vi tri ‘phan tng chinh cua
Ferulic acid va Thymol theo co ché chuyén nguyén tir
hydro.

- Tbc d6 phan g cua Ferulic acid véi gdc tu do HOO®
theo co ché HAT c6 gia tri 1a 8,43x10* M~1s ' trong pha khi
va 3,20x10*M-s~? trong pentyl ethanoate.

- Téc d6 phan tmg ciia Thymol véi goc ty do HOO
theo co ché HAT c6 gia tri 1a 1a 4,09x10* M1st va
6,30x10° M~s~1 trong pentyl ethanoate.

- Khi phan img véi HOO" theo co ché RAF, Ferulic acid
chil yéu phan Gng & vi tri C12 trong khi Thymol xay ra ¢
vi tri C9.

- Hing sé phan tng téng cong theo co ché RAF cua
Ferulic acid va Thymol véi HOO" nhd hon nhicu so véi
hang s6 phan g tong cong theo co ché HAT trong ca pha
khi va pentyl ethanoate.

- San phém du?qg tao ra theo co ché HAT cua »Ferulic
acig va Thymol chiém gan nhu 100,0 % so v6i tong san
pham duogc tao ra theo hai co ché HAT va RAF.

- Ferulic acid 1a chat c6 kha nang chng oxy hoa tot hon
Thymol trong ca pha khi va pentyl ethanoate.

Thong tin tai trg: Nghién ctru nay duoc tai trg boi Truong
Pai hoc Su pham, Pai hoc Hué trong deé tai co ma so T.23—
TN-03.

Mau thuﬁn lgi ich: Khéng c6 loi iqh tai chinh canh tranh
hay moi quan hé c& nhan nao c6 thé anh hudng dén cong
trinh nghién ctu cua bai bao.
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PHU LUC
Bing S1. Chi tiét cdc co ché phan img

Bbén co ché dugc sir dung rong réi dé danh gia kha nang chéng
oxy hoa ciia mot hop chat la: Co ché chuyén nguyén tr hydro
(HAT), co ché chuyen electron chuyén proton (SETPT), co ché
chuyén proton chuyen electron (SPLET) va co ché cong gbe tw do
(RAF). Chi tiét v& cac co ché phan img va céach tinh toan cc thong
s0 nhiét dong hoc duogc trinh bay trong phan Thong tin ho tro.

Trong d6, co ché HAT duoc dic trung béng qua trinh chuyén
nguyén tir hydro tir phan tir chit chéng oxy hoa sang gbc tu do.

RX-H -»RX" + H°
Co ché RAF ¢6 thé dugc md ta nhu sau:
RX-H + R*—[R-XH-R’]"
Dbi voi co ché SETPT, co ché nay gdm hai buge nhu sau:
RX-H -»RX-H" + e~
RX-H*—RX" + H*

Cudi cung 1a co ché SPLET, dugc dé xuét boi Ingold va

Litwinienko v6i hai giai doan sau:
RX-H -»RX™ + H*
RX— RX" +e”

Céc dai lwong nhiét dong dic trung cho cac co ché chéng oxy

héa ¢298,15 K va 1 atm dugc tinh toan nhu sau:
BDE = H(RN®) + H(H*) — H(RN-H)
IE = H(RN-H**) + H(e") — H(RN-H)
PDE = H(RN®) + H(H*) — H(RN-H"**)
PA =H(RN") + H(H*) - HRN-H)
ETE = H(RN®) + H(e") - H(RN")

Céc hing sb t(")c'dé phan tmg va ning luong tu do Gibbs
hoat hoa theo co ché HAT va RAF dugc tinh toan bang phan
mém Eyringpy. Theo Iy thuyét ctia Marcus, phan g trao ddi
electron (SET) duya trén sy chuyén dbi cua trang thai chuyén
tiép dé xac dinh hang rao hoat hoa trao dbi electron (AGZ;)
dua trén hai thong so nhiét dong hoc 1a nang luong tu do cua
phan tmg (AG2r) va ning luong tai t6 chure hat nhan (A):

2
AG:, _A (1 LAGH j
T 2

Mot cach gﬁn dang, A dugc xac dinh nhu sau:

A~AE, —AG),

Trong d6, AEet chinh 13 hiéu nang lugng khong doan nhiét
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gi,fra cac chat tham gia phan @ng va san pham tao thanh. Cach Cation [C10H1004]"
tiép cén nay cling twong tu voi cac nghién ciru cua Nelsen va
cac cong su da str dung cho mot b luong 16n cac phan tng tu
trao doi.

Céc hing s6 tc d6 (k) duoc tinh toan trong pha khi bang
cach st dung ly thuyét trang thai chuyén tiép va trang thai tiéu
chudn 1 M.

[
N

-2.48334400 1.66415500 -0.00013300
-3.83385400 -0.80362000 0.00003500
465667900 1.41876200 0.00020000
453227200 -0.82465300 -0.00015000
0.28683700 -0.59620300 -0.00008800
-1.86600100 0.51185600 -0.00011300
-0.47175600 0.55913800 -0.00022100
-0.38288300 -1.86975900 0.00007700
-2.51585700 -0.78569500 0.00003700
-1.74409000 -1.95730300 0.00014700
1.73458900 -0.61546900 -0.00014200
253195200 0.46308000 0.00011200
-3.91800600 1.89530900 0.00009500
400887900 0.25279000 0.00003200
-0.02480500 1.54169000 -0.00040100
021588600 -2.77013100 0.00014600
-2.24242200 -2.91790800 0.00025000
2.21962900 -1.58519900 -0.00036100
217918500 1.48458800 0.00040500
-4.35919400 1.47182900 0.89618500
-4.35951000 1.47190100 -0.89586500
-4.00250800 2.97452600 0.00016200
-4.19072800 -1.70148200 0.00009600
5.60846000 1.24657500 0.00014300
Radical Form (02-H23) | CioHsOx

-AG™
k=oc.x. B¢ RT
h

Trong d6, ke 12 hing sé Boltzmann, T 12 nhiét d6 (K), h la
hing sé Planck, R 1a hang s khi, AG* 1a nang luong tu do
Gibbs hoat hoa, o 1a s6 d6i xtng phan tmg, dai dién cho sb
lwong duong phan vmg khac nhau nhung twong duong c6 thé
X4y ra va k tinh dén sy hiéu chinh dudong ngam dugc tinh todn
theo phuong phap cua Wigner va Eckart.

Néu phan tmg xay ra theo nhidu co ché khac nhau nhu HAT va
RAF, thi tdc d6 phan ting tdng s& duoc tinh theo cong thure sau:

kiot = KHaT + KrAF

Trong d6, kuat, krar 1an luot 13 tdc d6 phan tmg xay ra
theo co ché chuyén nguyén tir hydro, co ché chuyén electron,
co ché phan tmg cong.

KHAT = KnaT() + KHAT@)+ KHAT(3)
krar = Krar@) + Krar@)+ KrRar)

(1), (2), (3): 1a cac huéng phéan tng khac nhau c6 thé xay
ra trong mdi co ché phan tmg.

Phén trim lrong tuong di cua san phdm () dugc tao ra theo
céc co ché phan g khac nhau s€ dugc xac dinh nhu sau:

I IIIIIIIIIOOOOOOCOOOOO0000O0

r =% 100

tot

o
N

2.52074800 -1.67496200 -0.00046500
3.84359900 0.87916900 -0.00053000
-4.59621500 -1.44769100 -0.00021800
-4.52644600 0.78954200 0.00032300
-0.24118000 0.63573600 0.00002100
1.90414100 -0.49513800 -0.00021700
0.52185700 -0.53307100 -0.00019700
0.41821800 1.90098000 0.00020800
2.60963400 0.79706500 -0.00020500
1.77124300 1.98043000 0.00011700
-1.68964600 0.62747600 0.00010300
-2.48567900 -0.45272200 -0.00010800
3.95122600 -1.82849800 0.00082800
-3.94737800 -0.26555500 0.00002900
0.05738600 -1.50824500 -0.00029700
-0.18488800 2.79938700 0.00040500
2.29562600 2.92531200 0.00021000
-2.18132700 1.59419400 0.00036300
-2.12264000 -1.46936100 -0.00038500
4.38393600 -1.37647900 0.88762500
4.38548700 -1.37706200 -0.88549600

Trong d0, i dai dién cho mdi co ché phan tng.

Bing S2. Cdu triic t6i wu ciia cdc dang ton tai ciia Ferulic acid
trong pha khi ¢ M05-2X/6-311++G(d,p)

Dang trung hoa C10H1004

o
=

-2.61111800 1.61251500 -0.47425100
-3.92357200 -0.76272500 -0.19314900
4.62304900 1.37705500 -0.13219700
4.52203200 -0.83051500 0.21115300
0.23024600 -0.65071400 -0.00252700
-1.90786300 0.46653900 -0.24041000
-0.52959000 0.51073800 -0.18882400
-0.44104400 -1.86449000 0.13790000
-2.56739600 -0.76606900 -0.11081100
-1.82660400 -1.92274100 0.08520500
1.68857400 -0.64339400 0.05644900
249814700 0.41210500 -0.07460700
-3.36160700 2.08239500 0.65005000
3.95238500 0.21402100 0.02086300

-0.06348400 1.47881700 -0.30760600

0.12603600 -2.77342500 0.28665000 4.09980000 -2.90329500 0.00132100

-2.33736900 -2.87263100  0.18718800 -5.54147800 -1.25312900 -0.00011000
2.16585400 -1.60322400 0.22598400 :
| C10HgO4

215236200 141989600 -0.24958100 Anion (02-H23)

IIIIIIIIIOOOOCOOONOONOOOOO0OO0

ITIIIIIIIIIIOOOOCOOOOONOOO0000O0

268853400 2.29181800 1.48331000 11

116400 13066500 0.94507800 0 -2.64092700 1.62794800 -0.44090200

384566000 2.95895400 0.32769500 0 -3.91733300 -0.86255400 -0.20178500

23700 -1 66149200 013364500 0 461994300 1.39644700 -0.10771400

C eorrr 100 11606EA00 0.08718900 0 451053600 -0.81590900 0.18804800
C 0.21892100 -0.64277800 -0.00371200
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O

-1.94052800 0.45904700 -0.22204500
-0.57956800 0.51889100 -0.17188300
-0.46623100 -1.87255700 0.12341300
-2.67232100 -0.80072500 -0.12018900
-1.83255200 -1.95532500 0.07588300
1.63634800 -0.62157500 0.04763900
2.48648900 0.44129700 -0.05864400
-3.54468700 1.95553100 0.60822700
3.90407600 0.22874900 0.02350300

-0.11974500 1.49387500 -0.27487400
0.12149700 -2.77461700 0.25824300
-2.34145600 -2.90667600 0.16202500
2.11856400 -1.58487800 0.19194400
2.14740900 1.45473900 -0.20752200
-2.99219200 2.11001700 1.54045000
-4.28205500 1.16553100 0.73335100
-4.03024500 2.88540800 0.31716900
5.54078800 1.12581600 -0.03511400

ITITIITIITIITIITOOOOCOOOO

T

-1.78885700
1.67438400
2.47687500

-3.47369400
3.94892400
-0.03777000
0.15688400
-2.30975400
2.15151800
2.11706900
-2.88232900
-4.24233700
-3.91671200
-4.22077700
5.54314900

IITITIIIIIIIIOOOOON

-1.96451600
-0.65795500
0.42522900
2.06905900
0.23647200
1.50427200
-2.78466100
-2.90590800
-1.62045700
1.43357100
2.28201500
1.33175500
2.97880100
-1.66468400
1.24097100

0.11354400
0.04518800
-0.06200400
0.60463300
0.01619500
-0.31088000
0.29960800
0.21928700
0.18362100
-0.19940500
1.49257800
0.81132000
0.21882500
-0.15290000
-0.01658900

Radical Form (02-H23) |

C10HoO4*

Bing S3. Cdu triic t6i wu ciia cdc dang ton tai ciia Ferulic acid
trong pentyl ethanoate ¢ M05-2X/6-311++G(d,p)

Dang trung hoa C10H1004

o
[y

-2.62426800 1.60349000 -0.49509900
-3.92774800 -0.75939600 -0.19095600
4.61185900 1.37342700 -0.12648200
4.51986000 -0.83683900 0.20000100
0.22323200 -0.65424900 -0.00366400
-1.91106500 0.46128200 -0.25454400
-0.53355600 0.50841400 -0.20287900
-0.45047900 -1.86677900 0.14763300
-2.57446500 -0.76858400 -0.11060400
-1.83573000 -1.92581200 0.09545300
1.68041800 -0.65122700 0.05485300
2.49233200 0.40537100 -0.06909700
-3.29242600 2.11796900 0.66602700
3.94487600 0.21174200 0.01940400
-0.06444800 1.47440200 -0.32913400
0.11555000 -2.77525900 0.30416500
-2.34854400 -2.87297500 0.20466600
2.14976300 -1.61585700 0.21709000
2.14358200 1.41403500 -0.23377400
-2.55755600 2.37936400 1.42828200
-3.99623700 1.38500200 1.05594600
-3.82434400 3.00742700 0.34360000
-4.27040600 -1.65168900 -0.08689500
555618800 1.18132400 -0.05914800

I IIIIIIIIIOOOOOOOONOOHOOOOOO

o
N

2.52051200
3.84480300
-4.58810800
-4.52946500
-0.23979100
1.90369500
0.52084900
0.42054000
2.60884600
1.77339800
-1.68884100
-2.48401100
3.94056500
-3.94565100
0.05421100
-0.18107600
2.29396200
-2.17288700
-2.11725900
4.26246000
4.48338300
4.07598300
-5.53829400

I IIIIIIIIOOOOCOOONOOOOO0O0O0O0

-1.67267800
0.87898300
-1.44920700
0.78823500
0.63783500
-0.49364300
-0.53119100
1.90361600
0.79785200
1.98152100
0.63307200
-0.44816100
-1.83838900
-0.26872000
-1.50534400
2.80217700
2.92853400
1.60300600
-1.46355900
-1.35866500
-1.42550200
-2.91286600
-1.27319600

-0.07458000
-0.06288100
-0.00240800
0.01523700
-0.00272100
-0.03400000
-0.03796500
0.03425700
-0.02078600
0.02960600
0.00304900
-0.00404700
0.10799900
0.00403900
-0.06390700
0.06582900
0.05242600
0.01650500
-0.01340900
1.02715100
-0.73521500
0.16741600
0.00367300

Anion (02-H23)

C10H9O4

Cation | [CioH1004]™

[ERN
N

-2.58601500 1.60491600 -0.44690100
-3.83530300 -0.77859500 -0.21643400
4.59059900 1.40127400 -0.07466700
4.48968200 -0.82978200 0.14654600
0.24521000 -0.63793900 -0.00683100
-1.87572900 0.49875900 -0.21410400
-0.50974400 0.54116000 -0.18929700
-0.43333300 -1.89164600 0.15128600
-2.53581100 -0.78165200 -0.09424500

O0O0O0O0O0O0O0O000O0

[EEN

ITIITOOO0O0O00O00000O00000r

2.65548600
3.93233700
-4.59421500
-4.49524200
-0.20592700
1.94761300
0.58422500
0.47886200
2.67787900
1.84933600
-1.63161700
-2.47122700
3.42682500
-3.89817100
0.12096400
-0.10301200

-1.61024000
0.85839200
-1.38705300
0.81894900
0.65294300
-0.44763900
-0.50793900
1.87798800
0.80374800
1.95668700
0.63327300
-0.42766500
-2.02122500
-0.22691900
-1.48084700
2.78104200

-0.47221900
-0.21471600
-0.13591600
0.21138500
0.00132000
-0.24368400
-0.18597000
0.13889100
-0.12825100
0.08288800
0.05895400
-0.06795400
0.65745000
0.02109600
-0.29333300
0.28759900
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H 2.35429100 2.90980600 0.17813200 H -2.16536400 1.03183700 -0.17646400
H 2.10841200 159527800 0.22517600 H -1.95087800 -2.33883400 0.25180000
H 2.12760500 -1.43641500 -0.24145300 H 1422943400 0.64496300 0.12095500
H 276198000 -2.27227900 1.48739300 H -4.13022600 -0.96379400 -0.61556400
H 411504000 -1.23104900 0.95080700 H 400183100 -0.79418400 1.12990300
H 3.98211200 -2.90521900 0.35376800 H 127526700 2.18941100 -0.46640200
H 552906200 -1.16021500 -0.06479900 Radical Form (OL-H25) | CioH10"

Bing S4. Cdu triic t6i wu ciia cdc dang ton tai ciia Thymol trong 02

pha khi 6 M05-2X/6-311-++G(d,p) 0 10.37214800 2.20244300 -0.41999200
Dang trung hoa e c -2.10826000 0.00123000 -0.21670500
' c 10.61288000 -0.12666900 -0.14688300

01 c 2.63639300 053686100 1.12476000
0 ©0-35194100  2.26415900 037282100 c -2.81638500 -1.20917700 -0.58718300
¢ -2.08910100 -0.04762300 0.21507100 c 0.17581300 1.10262400 -0.24131500
¢ -0-57677300 -0.13920000 0.14594200 c 0.05460200 -1.31868800 0.03419600
¢ 276394300 -1.36480000  0.59286300 c 224587300 -0.19623700 005671100
¢ 2:65607700  0.46392600 -1.11865700 c 161748000 1.00161200 -0.12736000
c 0.20143500 1.02367600 0.20996200 c L a4v89300 13638200 013587900
¢ 010010200 -1.34326500  -0.02789200 c 374142700 -0.30944200 017219700
¢ 2.24352200 -0.23459800 -0.07010300 H -2.32019800 0.75701900 -0.97489200
c 158429500 0.97647600 0.10554800 ) 426800 -0 10146900 189523100
c 148381900 -1.39874900 -0.13785800 ) 1700700 066899500 107928100
c 3.74613300 -0.27774500 -0.15509600 ) 5 16084300 149873600 136787200
H -2:35077400 066639200 100622800 H -2.41709900 -1.72790800 -1.50683800
H 265438400 -2.10139400 -0.20409900 H -3.87907800 -1.10651400 -0.73358200
H 13.83124000 -1.20120700 0.74281500 ) 7889900 204098300 0.20075000
H 2.34474800 -1.77941600 1.50929100 o O E0035100 224432900 008737000
H 12.20348600 1.40798900 -1.42344500 i > 16809400 103016600 -0.20924600
H -3.73667100 0.50997600 -1.05364500 ) 55630400 231940300 027815000
H 244660200 -0.26701100 -1.90088700 H 421139400 0.66909900 0.10178800
H 046357900  -2.26422600 -0.07967100 H 402113100 -0.75779400 1.12631600
ﬂ i;?ig?ﬁgg 1293‘;2(;27%% %12‘;‘;2221%% H 4.14195200 -0.94124400 -0.62158100
H 412925600 0.56550100 -0.72866000 Anion (O1-H25) | C1oH1s0
H 4.18808800 -0.23120700 0.84175500 11
H 408246500 -1.19851600 -0.62896200 0 -0.44173700 222203200  0.40140200
H -1.30013000 2.18702600 0.48933400 ¢ -2.08342300 -0.03532700  0.23071800

v b0l c -0.57874500 -0.13604600 0.13854800
c -2.78317500 -1.35519200 0.54695500

12 c 2.65384200 056921100 -1.05924800

8 2;’91;?2;88 éégigggg gzigigggg c 0.14906700 1.11308200 0.23101200
' : : c 0.09828200 -1.32738500 -0.04852100

¢ 0.60365500 -0.16016200 -0.15281100 c 222626800 -0.20711500 -0.07116900
C o membae om0 O
c 149260200 -1.39183600 -0.15904600

¢ -0.21956600 1.03348100 -0.22006200 c 3.73569600 -0.24551100 -0.13969800
c 10.06268800 -1.35485200 0.01392700 - 0074900 0.57030100 103216400
¢ -2:26005800 -0.20042600 0.05833800 H 2.67612700 -2.06439000 -0.27802300
c 11.62826700 0.99579800 -0.11352300 ) S BEYET00 116753100 060911700
c 1.45227100 -1.38748400 0.11992300 i} S ia1900 1 BL720300 144611800
E g;jé;;‘ggg 8635;‘;::88 géggggggg H 2.16697800 152447300 -1.24777800
' ' : H 1373442000 072737500 -0.97717800

H 2.70024700 -2.07054600 0.23315800 o S eAP500 -0 10506800 -1 89908500
ﬂ gjggigggg 1%123;88 21;2;‘2?88 H 10.46484500 -2.25288700 -0.11255800
: : : H 213720300 1.92410100 0.18180000

H 2.17109200 144355300 - 143861100 H 1.99319100 -2.34139500 -0.30694000
H 370218900 0.64353500 1.07071500 o 412780500 066476900 -0, 59538200
H 2.42369700 -0.23222000 1.91842000 i} 417197800 053081000 0.45545000
H 0.49181400 -2.27980600 0.06000300 o 4 7653500 1 10011800 -0 77600400
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Bdng S5. Céu triie 16 wu ciia cdc dang ton tai ciia Thymol trong H 411759100 -0.98086100 -0.61963500
pentyl ethanoate 6 M05-2X/6-311++G(d,p) H -1.26420100 2.21057900 -0.46885900
Dang trung hoa C1oH140 Radical Form (O1-H25) | C1oH130°
01 02
0 -0.34946500 2.26988500 -0.37482500 0 -0.36268000 2.21310300 0.41903600
C -2.09266900 -0.04501800 -0.20804100 C -2.10981700 0.01024000 0.21104400
C -0.57949500 -0.13359000 -0.14571400 C -0.61416100 -0.11795700 0.14696600
C -2.65504300 0.44792600 1.13457700 C -2.81776700 -1.28100400 0.61399100
C -2.76493500 -1.36037500 -0.59759300 C -2.63491000 0.50653400 -1.14684800
C 0.19965100 1.02639400 -0.21243700 C 0.18121300 1.10727900 0.24001600
C 0.10088300 -1.34027400 0.01933900 C 0.04823700 -1.31338200 -0.03267600
C 2.24636700 -0.23177800 0.05562700 C 2.24524900 -0.19930500 -0.05620700
C 1.58636200 0.97814200 -0.11681100 C 1.62205100 1.00096200 0.12604700
C 1.48409500 -1.39779700 0.12049000 C 1.44102500 -1.36538900 -0.13420600
C 3.74659000 -0.28385900 0.17616500 C 3.73916800 -0.32075000 -0.17146200
H -2.36138900 0.67802400 -0.98742700 H -2.32724000 0.78304800 0.94971200
H -2.44062100 -0.29145300 1.90771500 H -2.72644600 -2.04247300 -0.16241600
H -3.73603300 0.57923700 1.07256800 H -3.88031400 -1.08303200 0.75421700
H -2.20867100 1.39261800 1.44637600 H -2.41850000 -1.68485800 1.54471900
H -2.34946200 -1.76424000 -1.52066100 H -2.17036600 1.45150600 -1.42205700
H -3.83249400 -1.19499500 -0.74210500 H -3.71491100 0.64963000 -1.09704800
H -2.65117400 -2.10546600 0.19084200 H -2.42038100 -0.23131900 -1.92218500
H -0.46347400 -2.26105100 0.06680400 H -0.51013600 -2.23670900 -0.09595400
H 2.13740900 1.90749100 -0.18174500 H 2.18128800 1.92475900 0.19904700
H 1.97494900 -2.35436800 0.24663100 H 1.92495200 -2.32291300 -0.27584400
H 4.18996000 0.68729100 -0.03565700 H 4.21527700 0.65447400 -0.09903200
H 4.04068400 -0.57944000 1.18424500 H 4.13289900 -0.95890600 0.62042000
H 4.16568100 -1.01312700 -0.51714100 H 4.01358100 -0.77138800 -1.12585300
H -1.30047800 2.20177300 -0.48546400 Anion (O1-H25) | C1oH130 "
Cation [C10H140]* -11
12 O -0.41346300 2.24546000 0.40712400
0 -0.30031400 2.22631400 -0.38536400 C -2.09046300 -0.01592600 0.21769200
C -2.10065300 -0.02567200 -0.21179900 C -0.58366400 -0.11623600 0.13764800
C -0.60494700 -0.15030500 -0.15301800 C -2.78729900 -1.32224300 0.59337500
C -2.62067600 0.46737500 1.15620500 C -2.65824500 0.51845200 -1.10420000
C -2.79867400 -1.32693800 -0.60221800 C 0.16402500 1.11555700 0.23173800
C 0.22191500 1.03952600 -0.21826200 C 0.08354900 -1.31577200 -0.04375500
C 0.05504600 -1.34709300 0.01517900 C 2.22880700 -0.22369200 -0.06318300
C 2.25548500 -0.20631700 0.05730400 C 1.57967200 0.99175500 0.12182700
C 1.63084900 0.99268300 -0.11259400 C 1.47823800 -1.39507100 -0.14810600
C 1.44386800 -1.38872800 0.12223500 C 3.73610900 -0.26579800 -0.15450300
C 3.73715800 -0.33586700 0.17413500 H -2.30881600 0.72893900 0.98650200
H -2.35651000 0.71323800 -0.97918000 H -2.68326500 -2.06879800 -0.19720800
H -2.40628100 -0.28332700 1.91659300 H -3.85508400 -1.14689400 0.73854000
H -3.69880900 0.60674000 1.09859800 H -2.37900600 -1.74280800 1.51372200
H -2.16844900 1.40750300 1.47239100 H -2.18075800 1.46351400 -1.35811900
H -2.39619800 -1.73649500 -1.52786200 H -3.73776100 0.67610100 -1.03288100
H -3.85908600 -1.12790200 -0.74624000 H -2.46832900 -0.20063600 -1.90540500
H -2.70814600 -2.07284400 0.18748800 H -0.48934800 -2.23427800 -0.10472400
H -0.50332700 -2.26873400 0.06570600 H 2.16037000 1.90695400 0.18834400
H 2.17482900 1.92431900 -0.17330100 H 1.96606900 -2.35173600 -0.28840900
H 1.93573400 -2.34219700 0.25868600 H 4.10160500 0.42731300 -0.91384200
H 4.22456900 0.63249500 0.11060200 H 4.19366300 0.01917700 0.79496400
H 3.99456500 -0.80501300 1.12491400 H 408398900 -1.26667500 -0.40967400




