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KHA NANG CHONG OXY HOA
CUA 1-PHENYL-3-(2-PYRIDYL)-2-THIOUREA: NGHIEN CUU
THUC NGHIEM KET HOP VOI TINH TOAN HOA LUONG TU
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Tém tat. 2,2-Diphenyl-1-picrylhydrazyl (DPPH*) va 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonate)
(ABTS**) da duoc str dung trong nghién ctru nay. IC50 ctia 1-phenyl-3-(2-pyridyl)-2-thiourea (PPTU) d6i
véi DPPH* va ABTS * 1a 1,3 x 103 va 1,1 x 10-*M. Cac tinh toan hoa lwong tit dwoc thiee hién 6 miee ly
thuyét M05-2X/6-311++G(d,p) v6i viéc xdy dung bé mat thé nang phan ting va tinh tdc d6 phan tng theo
co chuyén nguyén tt hydro (HAT) va co ché chuyén mot electron (SET). Phan ting gitta PPTU va goc tu
do HOO* chu yéu xay ra theo co ché HAT. Lugng san pham tao ra theo co ché€ nay chiém 99,99% tdng
san pham. N2-H17 1a vj tri phan tng chuyén nguyén tix hydro wu tién nhat véi hang s8 tdc do 1,44 x
10" M-s7L,
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Abstract. 2,2-Diphenyl-1-picrylhydrazyl (DPPH") and 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonate)
(ABTS**) were used in this study. IC50 values of 1-phenyl-3-(2-pyridyl)-2-thiourea (PPTU) with DPPH"
and ABTS** are 1.3 x 10-* and 1.1 x 10 M. Quantum chemical calculations were performed at the M05-
2X/6-311++G(d,p) level to construct a potential surface of the reaction and calculate the rate constants
according to hydrogen atom transfer (HAT) and single electron transfer (SET) mechanisms. The reaction
between PPTU and HOO?* free radicals mainly occurs with the HAT mechanism. The portion of product
under this mechanism accounts for 99.99% of the total products. N2-H17 is the most favored hydrogen
transfer position in the PPTU molecule with the rate constant of 1.44 x 107 M-s7..
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1 Pit van deé

Céc dan xuat thiourea 1a cac chat c6 kha
nang bét cac gbc tw do rat tot [1, 2]. Nam 2011,
Sudzhaev va cs. da tong hop va nghién cttu kha
nang chdng oxy hoéa cia mot s§ cdc dan xuat
thiourea thong qua phan tng oxi hda cumen [3].
Két qua cho thdy cac dan xuét nay c6 thé e ché
qua trinh ti oxy hda cta cumene. Cac nghién ctru
vé méi quan hé cdu tric — hoat tinh cho thay rang
phan t& thiourea déng vai trd quan trong trong
nghién cttu chéng oxy hoa cua chung [4]. Kha nang
bt goc tu do cua cac dAn xuét urea, thiourea,
selenoure ciing dugc nghién ctru bang cac phurong
phap ly thuyét véi hai co ché phan ting chu yéu la
co ché chuyén nguyén tir hydro va co ché phan ting
cong [5]. Nhém nghién cttu ciia Syadza khao sat vé
kha nang chdng oxy hoéa ctia cac dan xuat thé
ortho-N,N’-bis(benzamidothiocarbonyl)hydrazine
[6]. Mot s6 hop chét bis(thiourea) c¢6 kha nang
choéng oxy hoda cao trong linh viee duoc pham va
moi treong nho kha nang tao phiic chét chelat voi
cac anion va ion kim loai khac nhau. Bén canh &0,
cac dan xuat chtra flo, clo va nhém metyl cho thdy
kha néng bat gdc tw do DPPH* cao hon ca acid
ascorbic. Naz va cs. da tong hop va nghién ctru cac
tinh chat caa 1,3-bis(3,4-dichlorophenyl)thiourea,
1,3-bis(2,6-dimethylphenyl)thiourea, diethyl 4,4'-
(thiocarbonylbis(azanediyl))dibenzoate, 1,3-bis(4-
nitrophenyl)thiourea and 1,3-di-p-tolylthiourea
[7]. Cac hop chat nay c6 kha nang chong oxy hoa
va diét khuan tiém nang. Trong d6, 1,3-bis(34-
dichlorophenyl)thiourea 1a chat c6 kha nang bat
goc tu do 2,2-diphenyl-1- picrylhydrazyl va 2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
tot hon hét.

R& rang, cac dan xuat thiourea c6 tiém nang
16n trong viéc bat gic tu do va chdng oxy héa. Tuy
nhién, cho dén nay, chua cé nghién ctu nao lién
quan dén kha nang chdng oxy hoa cta 1-phenyl-3-
(2-pyridyl)-2-thiourea (PPTU) dwoc thuc hién.
Hop chat nay chtta cac lién k&t N-H dé bi cat
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(Hinh 1). Vi vay, day sé la mot chat chdng oxy hoa

tiém nang.

Hai phwong phap thuc nghiém duwoc st
dung nhiéu d€ nghién ctru kha ndng chéng oxy hoa
cua mot hop chét 1a phwong phap 2,2-diphenyl-1-
picrylhydrazyl (DPPH*) va phuong phap 2,2-
azinobis(3-ethylbenzothiazoline-6-sulfonate)
(ABTS**). Phwong phap DPPH* duwoc Blois xay
dung d& xac dinh hoat tinh chdng oxy héa bang
cach st dung gdc ti do DPPH* [8]. G6c nay on dinh
nho sy dinh x& cta electron trén toan by phan tt,
nén cac phan tx khong bi dimer héa nhu cac gdc tw
do khac.

Phuwong phap ABTS** dau tién duoc Miller
va cs. mo ta vao nam 1993 [9]; sau d6 phwong phap
duoc phét trién dya trén sy hdp thu cta cation goc
tw do ABTS* d€ danh gia tong kha nang chéng oxy
héa cta chat long co thé va cac dung dich thudc.
Cation gdc tw do ABTS** duoc tao ra b.:;mg cach
hoat hoa metmyoglobin véi hydroperoxide khi c6
ABTS [2,2"-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid)]. Sau do,

mat acid

chat chong oxy hdéa dugc thém vao dé bat giit
cation gdc tu do ABTS*, dan dén sy giam d6 hap
thu ctia dung dich. Pay la cac phwong phép nhanh,
don gian va dugc stt dung rong rai dé xac dinh sy
c6 mdt cua cac chat chong oxy hda trong mot hé
théng xac dinh.

L

Hinh 1. C4u trtc phéan tee PPTU
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Hinh 2. Co ché phan ting ctia chat chéng oxy hda va
DPPH*
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Nhiéu nghién cttu vé co ché phan tng cua
ABTS** va chét chong oxy hoa da dugc dé xuat.
Mot s8 tac gia cho rang d6 1a sw cho nhan nguyén
te hydro [10] (Hinh 3), ciing c6 thé la sy trao doi
electron [11], hodc tham chi ¢6 thé'la su két hop cua
ca hai co ché trén [12]. Tuy con nhiéu tranh cai vé
mat co ché€ phan tng, nhung phuong phap ABTS**
van duoc st dung rong rai vi n6 cé thé cho biét sy
c6 mat cua chat chong oxy hoa trong mot hé thong
nhét dinh.
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Hinh 3. Co ché phan ting ctia chat chdng oxy hoa va
ABTS**

DOI: 10.26459 /hueunijns.v130i1C.6250

Bén canh do6, cac tinh toan hoa lugng tir dwoc
st dung dé nghién ctu dong hoc phan tng cta
PPTU véi cac goc tw do. Phuwong phap M05-2X
duoc st dung dé€ nghién cttu dong hoc cac phan
tng. Ham M05-2X cho céc két qua tot khi tinh toan
dong hoc phan ttng, twong tac khong phai cong
hoa tri (ddc biét la twong tac yéu, lién két hydro,
ndng lwgng twong tac ctia cac bazo nito) va nang

lwong phan ly lién két alkyl [13].

2 Thuc nghiém

2.1 Hoba chat

Céc hoa chat gom: 1-phenyl-3-(2-pyridyl)-2-
thiourea (PPTU), 2,2-diphenyl-1-picrylhydrazyl,
etanol, 2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium va K25:0s dwgc dat

mua ¢ Sigma-Aldrich.

2.2 Phwong phap 2,2-diphenyl-1-
picrylhydrazyl (DPPH")

DPPH* dugc pha loang trong etanol ¢ nong
do 6,7 x 105 M, sau d6 dung dich dwoc boc bﬁmg la
nhom dé€ bao vé khoi tac ddng cta anh sang. Cac
nong do khac nhau ctia chat chéng oxy héa duoc
thém vao DPPH* theo ti 1é thé tich 3:1. Hon hop
phan tng duoc 1ic manh va gitt trong béng t5i
trong 30 phut. Sau d6, mat d¢ quang ctia cac dung
dich dwoc do & budc séng 517 nm trén mday quét
pho t ngoai kha kién TCC-240A SHIMADZU 6
nhiét d6 phong. Hiéu suét bat gdc tw do DPPH*
duoc tinh theo phwong trinh (1) [14]

SA %= ‘\:Afs 100 (1)
trong d6 Ac la mat d6 quang ctia mau trang chtra
DPPH* (mau tréng =1 mL DPPH* + 3 mL etanol)
va As la mat d6 quang ctia mau khao sat chtra
DPPH* (miu khao sat = 1 mL DPPH* + 3 mL
PPTU).

Kha nang bat géc tw do DPPH* duwoc danh

gia qua gia tri IC50prra. Day 1a nong d6 ctia mau
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ma tai d6 no co thé e ché 50% nong dd goc tw do
DPPH-". Gia tri IC50prrH cang nho thi mau c6 hoat

tinh cang cao.
Cach xac dinh gia tri IC50pppH:

- Tién hanh do méat d6 quang ctia dung dich
DPPH* ¢ nhiéu nong d6 khac nhau cta
PPTU.

- Xay dung phuong trinh hoi quy c6 dang
y=axx+b (v6i y 1a % kha ning bat goc
DPPH* va x la néng d6 ctia PPTU). Sau d6
thay y =50 va suy ra gia tri x, chinh la gia tri

I1CsopprH.

23 Phuong phip cation goc tw do
2,2’-azinobis(3-ethylbenzothiazoline-6-
sulfonate) (ABTS")

Nghién cttu vé kha nang trung hoa cation
goc tw do ABTS** ciia PPTU dugc tién hanh theo
Re, c6 diéu chinh [15]. Dau tién, mubi 2,2-
acid)

diammonium duwgc hoa tan trong nudc dé€ thu

azinobis(3-ethylbenzothiazoline-6-sulfonic

duoc dung dich géc 7 mM. Cation gbc tw do
ABTS** dugc tao ra bang phan tng ctia dung dich
mudi noi trén véi dung dich K2S20s 140 mM. Nong
do cua dung dich K25:0s sau khi tron la 2,45 mM.
Hon hop dugc t trong t6i & nhiét d6 phong. Sau 16
gio, hdn hop nay duoc pha loang bang etanol d&
diéu chinh d6 hdp thu cua dung dich ¢ budc song
734 nm vé gia tri 0,7 = 0,05 trén mdy quét phd tw
ngoai kha kién TCC-240A SHIMADZU ¢ nhiét do
phong. Dung dich nay duogc st dung dé€ nghién
ctru kha nang chong oxy hoda ctia cac hgp chét khao
sat. Cac thi nghiém duoc tién hanh bf?mg cach thém
1 mL PPTU (& cac nong do khac nhau) vao 3 mL
dung dich chtta cation gbc tw do ABTS** va u &
nhiét d6 phong trong sau phut. Do hap thu dwoc
do 6 734 nm. Céc thi nghiém dwoc 1dp lai ba lan va
két qua duoc biéu dién bang gia tri IC50asts (M).

S, % = 22 A 100 @)

c
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trong d6 SAasrs* 1a hiéu sudt bat g6c ABTS*, A’cla
mat d6 quang ctia mau trang chtta ABTS** (mau
tréng =1 mL etanol + 3 mL ABTS*+); & la mat do
quang ctia mau khao sat chtta ABTS** (mau khao
sat=1 mL PPTU + 3 mL ABTS*).

IC50a81s dwgc xac dinh twong tu nhu
IC50prpH.

3  Tinh toan hoa luong t

Kha nang chdng oxy hda ctia mot hop chat
nhét dinh ¢6 thé dugc danh gid theo nhiéu co ché
khac nhau nhu co ché chuyén nguyén tir hydro
(HAT), co ché chuyén electron (SET), v.v. [16-18].

Phan ung theo co ché€ HAT xay ra theo
phuong trinh (3) [19, 20]

RN-H+HOO* — RNH--H---OOH

. RN-H* + HOOH (3)

trong do6, nang luong phén ly lién két dugc tinh
theo cong thitc (4)

BDE(N-H) = HRN*) + HH*) - HRN-H)  (4)

Trong phan ting theo co ch&€ SET [21], qua trinh
cho (5) hodc nhan electron (6) c6 thé xay ra nhu sau:

RN-H+HOO* —  RN-H*+HOO (5)

RN-H+HOO* — RN-H*+ HOO* (6)

Bién thién entalpy phan tng (AH®) va nang

leong tie do Gibbs (AG®) duoc tinh theo cac cong
thire (7)

AHy =H
0 _
AG(l) - GRNH” + GHOO’ =G + GHOO'
o _
AH(Z) - HRNH'
AG(OZ):G .+G . -G
RN

H HOO

e T H HOO™ Hypgs + HHOO'

@)

+ HHOO* ~Hygs + HHOO'

RNH + GHoo‘

Cac dai lwong nhiét dong ddc trung cho cac
co ché chéng oxy hda duoc tinh 6298 K va 1 atm.
Trong d6 H(RN-H) la entalpy ctia hop chédt chong
oxi hoa; H(RN®) la entalpy cua goc tu do chat chong
oxi héa; H(H®) la entalpy cua gdc tw do hydro;
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H(RNH*) 1a entalpy ctia ion duong goc twe do chat
chéng oxi hoa; HHOO") la entalpy cua ion am
HOO; HRNH*) la entalpy cua ion am goc tw do
chat chéng oxy hoa; HHOO?") la entalpy ctia goc tw
do HOO*;, HHOO) la entalpy ctia ion duong
HOO". G(RN-H) la thé déng &p ctia hop chét chéng
oxi héa; G(RNH*) la thé dang 4p ctia ion duong
gbc tu do chat chdng oxi hda; GIHOO") 1a thé dang
&p ctia ion am HOO™; G(RNH*") la thé dang ap cua
ion am gdc tw do chat chdng oxy hda; G(HOO") la
thé dang ap cta gdc tu do HOO®; G(HOO") 1a thé
dang ap cta ion duwong HOO*[22, 23].

Tong entalpy H ¢ nhiét d6 T duoc tinh theo
biéu thirc (8)

H = Eeclec + ZPE + AHtrans + AHrot + AHvib + RT (8)

trong d6 AHurans, AHrot va AHvib [an luot la bién thién
entalpy tinh tién, quay va dao dong; Eeec 1a tong
nang luong electron ctia hé ¢ 0 K va ZPE la nang
luong dao dong diém khong. Entalpy cta e trong
pha khi duwoc tham khao tir cong trinh cua

Rimarc¢ik va cs. [23].

Céc hang s8 t6c d6 phan tmg va nang luong
te do Gibbs hoat hda theo co ch& HAT duoc tinh
bang phan mém Eyringpy [24]. Theo ly thuyét ctia
Marcus [25, 26], phan tng chuyén electron dua
trén su chuyén d6i cua trang thai chuyén tiép dé
xac dinh hang rao hoat hoa chuyén electron (AGgr)
dua trén hai thong s6 nhiét ddng hoc la bién thién
ning luong tw do cua phan tng (AG;) va nang
lwong tai cau trac hat nhan (A)
8G; = 1425 | ©)

o4 y)

Mot cach gan dung, A duoc xac dinh theo
cong thirc (10)

A~AE, —AGy, (10)

trong do AEer la hiéu nang ligng khong doan nhiét
gitta cac chdt tham gia phan tng va san pham.
Cach tiép can nay, cling tuong ti voi cac nghién
ctru cta Nelsen va cs., da duoc sit dung cho mot s6

luwong 16n cac phan tng tu trao doi [27].
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Céc hang s6 toc do (k) dugc tinh trong pha
khi bang cach stt dung ly thuyét trang thai chuyén
tiép va trang thai tiéu chuén 1 M [28, 29].

-AG”

k:a.K.kBT'Tﬁ (11)

trong d6 ks 1a hang s8 Boltzmann; T 1a nhiét d6 (K);
h 1a héng s& Planck; R 1a hiang s6 khi; AG* 1a nang
lwong tw do Gibbs hoat hoa; o la s6 ddi xtiing phan
ung, dai dién cho s6 lugng duong phan tng khac
nhau nhung tuong duong cé thé xay ra va « la hé
s0 lién quan dén sy hiéu chinh duong ngam duoc
tinh theo phuong phap ctia Wigner [29] va Eckart
[30].

Néu phan ting xay ra theo nhiéu co ché khac
nhau nhu HAT va SET thi tc d phan tng tong sé
duoc tinh theo cong thizc (12) [28]

kiot = knat + kser (12)

trong do6 kuar va kser lan luot 1a t6c do phan tng
xay ra theo co ché HAT va co ché SET.

kuat = knatqy + knare) (13)
kseT = kset(1) + kseT(2) (14)

trong dé (1) va (2) la cdc huéng phan tng khac
nhau c6 thé xay ra trong mdi co ché.
Phéan trdm luong tuwong d6i cua san pham
(T') duoc tao ra theo cac co ché€ phan tng khac nhau
duoc xac dinh theo cong thitc (15)
k,
I, =—-100 (15)

tot

trong d6 i dai dién cho moi co ché phan tng.

4 K&t qua va thao luan

41 Phuwong phap thuc nghiém
Phuwong phap 2,2-diphenyl-1-picrylhydrazyl

Dau tién, kha nang chéng oxy hoa cua PPTU
duoc danh gid bang phuong phap DPPH*. Mat d6
quang cta dung dich giam khi néng d6 cua PPTU
tang 1én (Hinh 4). Khi PPTU c6 noéng d6 5 x 10+ M
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thi hiéu sudt bat gdc chi 1a 6,31%, nhung khi nong
dd cua chét nay tang l1én 1,4 x 10-* M thi hiéu suét
bat gdc tw do DPPH* 1a 54,72%. Diéu nay ching to
lwong DPPH* trong dung dich gidam khi néng d6
PPTU tang lén.

0,20

—— Ethanol
0,18 o ——PPTU 5x10" M
"
0,16 4 ——PPTU 8x10* M
——PPTU10° M
. 0144 ——PPTU 1,2x10° M|
T ——PPTU 1,4x10° M|
& 0,12 -
=)
< 0,104
0,08 4
0,06
0,04
0,02 T T T T
400 450 500 550 600
A (nm)

Hinh 4. Phé UV-Vis cia DPPH* & cac néng d6 khéc
nhau caa PPTU

Tiép theo, kha ndng chdng oxy hoda cua
PPTU con dugc nghién ctu thong qua phuong
phap ABTS**. ABTS** la mot cation gdc twe do on
dinh, thuong duoc st dung lam chat nén dé danh

gia hoat tinh chdng oxy hoa trong dng nghiém.

Pho tit ngoai kha kién cila ABTS**6 cac nong
d6 khac nhau ctia PPTU (Hinh 6) cho thay d6 hap

124 —— Ethanol
——PPTU 10" M

1.0+ ——PPTU5.10*M
——PPTU8.10*M

0.8 ——PPTU10°M
——PPTU2.10°M

AABTS"

0.0 +—+ T T T 1
400 500 600 700 800 900

A(nm)

Hinh 6. Phd UV-Vis cia ABTS** 6 cac nong d6 khac
nhau ctia PPTU
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Hinh 5 biéu dién m&i quan hé gifra hiéu suat
bat gdc DPPH* va néng dd ctia PPTU; IC500rrH ctia
PPTU 12 1,3 x 10°M.
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T
5,60x10"

Hinh 5. M&i quan hé gitra hiéu sut bat g5c DPPH* va
noéng d6 cua PPTUPhuwong phap cation gbc tw do 2,2
azino-bis (3-ethylbenzothiazoline-6-sulfonate)

thu cua dung dich giam khi nong d6 cua PPTU
tang 1én, ching to luong cation gdc tw do ABTS**
giam dang ké. Cu thé, khi nong d6 ctia PPTU ting
tit 1 x 10#M 1én 2 x 1073 M, hiéu suat tang lén ti
16,34 dén 75,79%. Gia tri IC504sts cia PPTU (tinh
tt Hinh 7)1a 1,1 x 103 M.

80
. y =31010,85x x+15,05
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B
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4
2 2
<
95)
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10 T T T T
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Hinh 7. M&i quan hé gitra hiéu sudt bat g6c ABTS** va

noéng d6 cua PPTU
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4.2  Tinh toan hoa lwong t cho 1-phenyl-3-(2-
pyridyl)-2-thiourea

Phwong phap M05-2X [13] da dwoc nhiéu
nha khoa hoc sit dung thanh cong khi tinh toan
dong hoc phan tng [28, 31, 32]. Chinh vi vay, M05-
2X/6-311++G(d,p) duoc ap dung d€ tinh todn dong
hoc trong phan tng gitta PPTU va HOO". T4t ca
cac tinh toan dwoc thuwc hién trén phan mém
Gaussian 09 [33].

HOO* 1a goc peroxyl don gian nhét va cho
két qua tinh cac hing s6 t5c d6 ctia qua trinh bt
goc tw do kha chinh xac [28]. Vi vay, trong nghién
ctu nay, HOO* duoc lua chon lam goc ty do dai

dién d€ nghién cttu kha nang chdng oxy hoa cta
PPTU théng qua co ché HAT va SET. Hinh 8 biéu
dién hinh dang ciu trtc cta PPTU da dwoc t3i uu
héa 6 mac ly thuyét M05-2X/6-311++G(d, p).

Hinh 8. C4u trtc tdi wu cua PPTU

Bang 1. Gia tri nang lwong phan ly lién két, nang lwong tw do Gibbs hoat héa (AG?), hang s8 tdc d6 (k) cia phan tng
gitta PPTU va HOO" theo co ché HAT

Vi tri BDE (kcal-mol™) AG* (kcal-‘mol™) k(M™s™) kuar (M1-577)
2-H17 2,61 1 1,44 x 10!
N 92,6 99 A4 > 10 2,00 x 10
N3-H20 85,77 25,3 5,54 x 102

Co ché chuyén nguyén tit hydro

Khi xét theo co ché€ chuyén nguyén ti hydro,
cac gia tri ndng luong phan ly lién két (BDE) la
thong s nhiét dong hoc quan trong can duoc tinh
[34]. PPTU c6 hai lién két N-H (N2-H17 va
N3-H20) dé bi cat dit ting véi nang luong phan ly
lién két 1a 92,61 va 85,77 kcal'mol! (Bang 1).
Nghién cttu ly thuyét vé co ché HAT duoc thuc
hién véi muc tiéu lam sdng t6 ban chat cta cac
phtic chat phan tGng, trang thai chuyén tiép, chat

trung gian va cac san pham [35].

Theo Ingold va cs., mdt chat c6 kha nang cho
nguyén ti hydro hoan hao thi chat dé phai c6 nang
lwong phan ly lién két thap va toc do phan tng
phai 16n [36]. Vi vay, chung t6i tién hanh xay dung
bé mat thé nang va tinh hang s6 tdc d6 cho phan
tng gitta PPTU va goc t do HOO* ¢ mttc ly thuyét
MO05-2X/6-311++G(d,p) (Hinh 9). Ca hai vi tri N2—
H17 va N3-H20 ctia phéan tit PPTU déu dwgc khao

sat.

Hinh 9 cho thay cac phan ting bat dau véi sy
hinh thanh ctia trang thai trung gian 1 (Inter 1) v6i
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mttc nang leong la —2,28 va —12,49 kcal'mol ™ (so
vOi cac chat phan tng) ¢ cac vi tri N2-H17 va
N3-H20. Tiép dén, cac phan tng vugt qua céc
trang thai chuyén tié€p (TS) vdi cac hang rao nang
lwong cé gid tri lan lwot 1a 16,32 va 11,24 kcal-mol ™.
Céc phtc san phdm (Inter 2) c6 nang luong —2,00
va 4,96 kcal'mol™, twong tng véi cac vi tri N2-H17
va N3-H20. Hiéu tng nhiét (AH®) ctia cdc phan
ung gitta PPTU va goc HOO* la 1,39 va 823
kcal'mol™ & vi tri N2-H17 va N3-H20 (Hinh 9).

biéu nay chiing to cac phan ting nay déu thu nhiét.

Tiép theo, d€ danh gia téc do phan tng cua
cac chat chdng oxy hda khao sat, nang luong tu do
Gibbs hoat héa (AG?), hé s6 hiéu chinh duong
ngam k va hang s toc do6 (k) ctia cac phan tng bat
goc tw do HOO* da duoc tinh ¢ mtic ly thuyét M05-
2X/6-311++G(d,p) @ 298,15 K trong pha khi (Bang
2). Hang s6 t6c dd ctia PPTU & céc vi tri N2-H17 va
N3-H20 1a 1,44 x 10 va 5,54 x 102 M1-s'. Nhu
vay, hang s6 toc do tong cong theo co ché HAT ctia
PPTU khi phan ting véi goc te do HOO* 1a 2,00 x
10 M7l
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A Chat phan ting Inter 1
= 16
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-12
16 412,49

TS Inter 2

San pham (AH")

""" N2-H17-PPTU

N3-H20-PPTU

Hinh 9. Bé mét thé ndng ctia phan ting gitta PPTU va g6c HOO* theo co ché HAT

Bang 2. Gia trj entalpy, ndng luong tu do Gibbs va hing s t8c d6 ctia cac phan ting cho va nhén electron gitta PPTU

va HOO®
Phan tng AH° (kcal-mol ™) AG?° (kcal'-mol™) kser (M1-s71)
Cho electron (16) 141,82 141,08 6,65 x 10148
Nhén electron (17) 277,50 276,31 0

Co ché chuyén electron

Co ché chuyén electron la co ché tiép theo
duoc 4p dung dé€ danh gia kha nang chong oxy hoa
cta PPTU trong pha khi. Cac phan ting cho (16) va
nhaén (17) electron gitta PPTU va HOO* c6 thé xay

ra nhuw sau

PPTU + HOO* —  PPTU*+HOO- (16)

PPTU + HOO* —  PPTU* + HOO* 17)

Bién thién entalpy (AH®) va ning lugng tu
do Gibbs (AG®) ¢ 298 K ctia phan ting cho electron
(16) 1a 141,82 va 141,08 kcal'-mol ™ va ctia phan ting
nhan electron (17) la 277,50 va 276,31 kcal'‘mol™!
(Bang 2). Diéu nay ching té phan tng (16) thuan
loi vé mdt nhiét dong hoc hon phan ting (17). PPTU
6 khuynh huéng dé nhan electron hon 1a nhurong
electron cho gdc tw do HOO*. Téc¢ d¢ phan ting cho
electron va nhan electron dugc tinh theo ly thuyét
ctia Marcus [26]. Trong d6 AEer la hiéu nang luong
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doan nhiét gitta cac chdt tham gia phan tng va san
pham; AEer duogc tinh theo cong thitc (18)
AEg =E +E

PPTU" Hoo™
AE

E +E.__.-E

ET( — “ppTU™ HoO* PPTU

EF‘PTU + EHOO' (18)

+ EHOO'

Vi cach tiép can nay, kser ¢ gid tri 6,65 x
107148 M 1-s71 cho phan ting cho electron (16) va xap
xi béang 0 cho phan ting nhan electron (17). Mc du
phan ting (16) wu thé hon phan ting (17), nhung gia
tri hang s6 toc do phan tng kser 1a rat nho so voi
kuar. Diéu nay c6 nghia la phan ung chuyén
electron khi PPTU phan tng véi HOO* hau nhu
khong xdy ra.

Dua trén cong thirc (15), lwong san pham
cua phan ung gitta PPTU va HOO* theo co ché
HAT chiém 99,99%. Nhu vay, lugng san pham thu
duoc theo co ché€ SET 1a khong dang ké.
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Nhu vay, cac két qua thuwc nghiém va tinh
toan hda ly thuyét cho thady PPTU la hop chét c6
hoat tinh chdng oxy héa tSt thong qua kha nang bét

cac goc tw do.

5 Kétluan

Kha nang chong oxy hda cua PPTU da duoc
khéo sat bang phuong phap thiee nghiém va tinh
toan héa luong tir. PPTU c6 kha nang bat cac gdc
te do DPPH* va ABTS** véi cac gia tri IC50prru va
IC50ABst§ng 1,3x10-3va1,1 x 103 M. Bén canh d¢,
cac hing s6 tdc dd phan tng tinh theo muc ly
thuyét M05-2X/6-311++G(d,p) da duoc nghién ctru
theo c4 hai co ch€ HAT va SET khi PPTU phan ting
v6i goc te do HOO*. Co ché HAT c6 toc d6 phan
ung 2,00 x 107 M 1-s71, 16n hon rat nhiéu lan véi co
ché& SET. Ham luong san pham hinh thanh theo co
ch& HAT chiém 99,99%.
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