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Tom tit. Ly thuyét phiém ham mat d¢ (DFT) da duoc st dung d€ nghién cttu kha ning chéng oxy hda
cta 1-(4-methoxyphenyl)-2-thiourea (CHsO-PSeU) trong phan tng v6i goc tw do HOO*. Ba co ché€ phan
tng 1a chuyén nguyén ti hydro (HAT), chuyén electron (SET) va cong goc tu do (RAF) va cac hing s
toc d0 phan tng da duwoc khao st va tinh toan. Két qua cho thdy phan ting chu yéu xay ra theo co ché&
HAT. Luong san phdm tao ra theo co ché nay chiém 99,9% tong san phdm. N12-H13 1a vi tri phan ting
chuyén nguyén tit hydro wu tién nhat véi hang s8 t6c do 4,1x10° M1-s71,
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Abstract. The density functional theory (DFT) has been used to study the antioxidant capacity of 1-(4-
methoxyphenyl)-2-selenourea (CH3O-PSeU) in the reaction with HOO*. Three reaction mechanisms
(hydrogen atom transfer (HAT), single electron transfer (SET), radical adduct formation (RAF)), and
reaction rate constants were investigated and calculated. The results show that the HAT mechanism is
generally more predominant than the SET and HAT ones. The quantity of products under this
mechanism accounts for 99,9% of the total products. N12-H13 is the most favored hydrogen transfer
position with the highest rate constant at 4,1x10° M1-s1.
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1 Pit van deé

Su oxy hoa dong mot vai tro quan trong
trong cac qua trinh hda hoc va da thu hat sy cha y
ctia nhiéu nha khoa hoc trén khap thé giéi [1-3].
Cac chat chong oxy hoa ¢d nang luong phan ly cua
cac lién két N-H, O-H va S-H thap thuong duoc
quan tam nghién ctru [4]. Kha ndng chdng oxy hoa
cua mot hop chat nhat dinh ¢6 thé duoc danh gia
theo nhiéu co ché khac nhau nhu: co ché€ chuyén
nguyén tit hydro (HAT), co ché chuyén electron
(SET), co ché cong goc tw do (RAF), v.v. [5-7].

Mot nghién ctru méi day cua chung t6i cho
thdy 1-phenyl-2-selenourea c6 kha nang chdng oxy
héa manh hon 1-phenyl-2-thiourea [8]. Trong sd tat
ca cdc dan xudt ctia 1-phenyl-2-selenourea, cac dan
xuadt chita nhom cho electron ((CHs3):N, NHz,
CH:0, CHs) duoc danh gia c6 kha nang chong oxy
héa t6t hon cac dan xuat chita nhém nhan electron
(F, Cl, CFs, CN, NO2). Mic du cac dan xuat chita
cac nhom thé (CHs)2N va NH: ¢6 gia tri nang luong
phan ly lién két nho, nhung ndng luong ion hda
cua chang lai khé thdp [8]. Diéu nay khién cho céc
hop chét nay dé dang phan tng truc tiép véi phan
tiz oxy trong khong khi ¢ nhiét d6 phong tao thanh
goc tw do truede khi thuc hién kha nang chdng oxy
hoéa [9]. Chinh vi vay, chtung t6i lwa chon 1-(4-
methoxyphenyl)-2-selenourea (CH3O-PSeU) lam
chat chéng oxy hoa tiém nang d€ nghién ctru. Hinh
1 biéu dién hinh dang c4u trtc véi mot s6 thong s&
kich thwdc cta CH3O-PSeU da duoc t6i vu hda &
mtc ly thuyét ROB3LYP/6-311++G(2df,2p)//
B3LYP/6-311G(d,p).

Hinh 1. C4u truc téi vu caa CH3O-PSeU

HOO?* la g6c peroxyl don gian nhat va cho
két qua tinh cdc hang s t8c dd cta qua trinh bat
goc tu do kha chinh xac [10]. Vi vay, trong nghién
ctu nay, HOO* duoc lwa chon lam goc tw do dai
dién d€ nghién ctru kha nang chong oxy hoa cta
CHs0-PseU thong qua ba co ché phan ting la HAT,
SET va RAF.

2 Phuong phap
Phan tng theo co ché€ HAT xay ra theo
phuong trinh (1) [6, 11]:

RN-H + HOO* — RNH--H--OOH— RN-H"* +
HOOH 1)

Trong d6, nang lwong phan ly lién két duoc
tinh theo cong thitc (2)

BDE(N-H) = H(RN®) + H(H*) - H(RN-H) @)

Trong phan ting chuyén electron (SET) [12],

qua trinh cho (3) hodc nhén electron (4) c6 thé xay

ra
RN-H + HOO* —»RN-H** + HOO" 3)
RN-H + HOO* —-RN-H*~ + HOO* )

Bién thién entanpi phan tng (AH?) va nang
lwong ti do Gibbs (AG?) dwgc tinh theo cac cong
thirc

AH(Ol) = Heger tHyoor ~Hean t Hor

AG<01) =G *Groo- ~Grn +Gppoer (5)
AH(OZ) = HRNH" + HHoo* h HRNH + HHOO'

AG(OZ) =G * GHOO* ~Gran * GHoo'

Trong co ché cong gdc tu do (RAF) [13], chat
chong oxy héa RNH khong cho nguyén ti hydro
hay electron, ma n¢ tao thanh san phdm cong véi
goc tw do HOO-.

RN-H + HOO*—[R-NH-OOH]* 6)

Co ché nay phu thudc vao cdu trac ctaa chat
chéng oxy hda va gdc tw do. Néu chét chéng oxy

héa cé nhiéu lién két bdi thi kha nang phan tng
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xay ra theo co ch&€ RAF la kha cao. Ngoai ra, tinh
chét cua goc tu do cling déng vai trdo quan trong:
cac goc tw do &i electron ¢é tiém néng 16n dé€ tham

gia vao loai phan ting nay.

Cac dai lvong nhiét dong ddc trung cho cac
co ché& chdng oxy hda duoc tinh 6 298 K va 1 atm.
Trong d6 H(RN-H) la entanpi ctia hgp chat chong
oxi hda; H(RN") 1a entanpi ctia gdc tw do chat chéng
oxi hoa; H(H®) la entanpi ctia goc tw do hydro;
H(RNH*) 1a entanpi cuia ion dwong gdc tu do chat
chéng oxi hoa; HHOQO") 1a entanpi ctia ion am
HOO; H(RNH") la entanpi cta ion am goc tw do
chét chdng oxy héa; HHOO") la entanpi ctia goc tue
do HOO*; HHOO") la entanpi ctia ion duong
HOO". G(RN-H) la thé déng &p ctia hop chit chong
oxi héa; G(RNH*) 1a thé dang ap ctia ion duong
gdc tu do chat chdng oxi héa; G(HOO") 1a thé dang
&p ctia ion am HOO™; G(RNH*") la thé dang ap cta
ion am gdc twe do chat chdng oxy hda; G(HOO") la
thé dang ap cta gdc tw do HOO*; G(HOO") 1a thé
dang ap ctia ion dwong HOO* [12, 14].

Tong entanpi H & nhiét d¢ T duoc tinh
bang biéu thtrc (7)

H = Eelec + ZPE + AHtrans + AHrot + AHvib + RT (7)

trong d6 AHuwans, AHrot va AHvib Ian luot la bién thién
entanpi tinh tién, quay va dao dong; Eelc la tong
ndng luong electron ctia hé ¢ 0 K va ZPE la ndng
luong dao dong diém khong [15]. Entanpi cuia e
trong pha khi dwoc tham khao ttt cong trinh cta
Rimarc¢ik va cs. [16].

Cac hang s8 tdc d6 phan ting va nang luong
te do Gibbs hoat hda theo co ché HAT va RAF
duoc tinh bang phan mém Eyringpy [17]. Theo ly
thuyét ctia Marcus [18 19] phan ung chuyén
electron (SET) dua trén su chuyén ddi cta trang
thai chuyén tiép dé xac dinh hang rao hoat héa
chuyén electron (AGgr) dua trén hai thong s6 nhiét
dong hoc la bién thién nang luong tu do ctia phan

tng (AGgr) va ndng luong tai t& chirc hat nhan (A):

AG;, = &,[Hﬁ-] ®)
4 A
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Mot cach gan dung, A duoc xac dinh theo
cong thirc (9)

A~ AE. —AG), )

trong d6 AEer chinh la hiéu ndng luong khong
doan nhiét gitra cac chdt tham gia phan ting va san
pham. Céch ti€p can nay, cling tuong tu vdi cac
nghién cttu ctia Nelsen va cs., da sit dung cho mot

s0 lwgng 16n cac phan tng tw trao doi [20].

Céc hang s6 tc d6 (k) duogc tinh trong pha
khi bang cach stt dung ly thuyét trang thai chuyén
ti€p va trang thai tiéu chudn 1 M [10, 14].

-AG”
k= a.;c.%eﬁ (10)

trong d6 ks 1a hang s6 Boltzmann; T la nhiét &6 (K);
h 1a hang s6 Planck; R 1a hang s6 khi; AG* 1a nang
luwong tw do Gibbs hoat hda; o la s6 d6i xting phan
ung, dai dién cho s6 luong duong phan ting khac
nhau nhung twong duong co thé xay ra va « 1a hé
s0 lién quan dén su hiéu chinh duwong ngam duoc
tinh theo phwong phép ciia Wigner [21] va Eckart
[22].

Néu phan tng xay ra theo nhiéu co ché
khac nhau nhu HAT, SET va RAF thi toc d§ phan
tng tong sé duoc tinh theo cong thie (11) [10]:

Ktot = knat+ kst + krar (11)

trong do kuat, kser va krar [an luot la t6c d6 phan
tng xay ra theo co ché chuyén nguyén ti hydro, co

ché chuyén electron va co ché phan ting cong.

kuar = knara) + knate+ kaate) (12)
kser = kserq) + kser@)+ Kser) (13)
krar = krar) + krarey+ Krar@) (14)

(1), (2), (3) la cdc hudéng phan ting khac nhau c6 thé
xay ra trong mdi co ché& phan ting.

Phéan trdm luong tuwong d6i cua san pham
(Ti) duoc tao ra theo cac co ché phan ting khac nhau

sé duoc xac dinh theo cong thitc (15)

k,
~ 100 15
P (15)

tot

r=
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trong d¢ i dai dién cho moi co ché phan ting.

Bén canh d6, AIM 2000 la phan mém duoc
st dung d€ phéan tich va hién thi cac nguyén ti
trong phan tt do Friedrich Biegler—-Konig va Jens
Schonbohm thiét ké [23].

3 K&t qua va thao luan

Mot s cac nghién ctru gan day cho thdy mic
Iy thuyét ROB3LYP/6-311++G(2df2p)// B3LYP/
6-311G(d,p) cho cac két qua nghién cttu cac thong
sO nhiét dong kha chinh xac [24-26]. Tuy nhién, khi
nghién ctu vé mdt dong hoc phan ung thi né
khong duoc danh gia cao do yéu t6 phan tan khong
duoc dua vao [27]. Phwong phap M05-2X [28] da
duoc nhiéu nha khoa hoc stt dung thanh cong khi
tinh toan vé dong hoc phan tng [10, 29, 30]. Chinh
vivay, M05-2X/6-311++G(d,p) s€ dugc ap dung dé
tinh toan dong hoc trong phan tng gitta
CHs0-PSeU va HOOe. T4t ca cac tinh toan dwoc
thyee hién trén phan mém Gaussian 09 [31].

3.1 Co ché chuyén nguyén tix hydro (HAT)

Khi xét theo co ché€ chuyén nguyén tir hydro,
cac gia tri ndng luong phan ly lién két (BDE) la
thong s6 nhiét dong hoc quan trong can duogc tinh
[3]. CH30-PSeU c6 ba lién két N-H (N12-H13,
N15-H16, N15-H17) dé bi cat dit tng véi ning
luwong phan ly lién két lan luwot la 80,7; 87,0 va 91,3
(Bang 1) khi tnh o ROB3LYP/
6-311+++G(2df,2p)//3LYP/6-311G(d,p). Nhu vay,
N12-H13 duoc dy doan 1a vi tri dé cho nguyén tie
hydro nhét trong phan ti CHsO-PSeU. Nghién
ctu ly thuyét vé co ché HAT duoc thuc hién voi

kcal-mol

muc tiéu lam sang té ban chat cua cac phiec chat
phan tng, trang thai chuyén tiép, chit trung gian

va cac san pham [32].

Theo Ingold va cs., mot chét c6 kha nang cho
nguyén ti hydro hoan hao thi chat d6 phai cé nang
luong phan ly lién két thap va téc do phan ung
phai 16n [9]. Vi vay, ching t6i tién hanh xay dung
bé mat thé nang va tinh hang s tdc dd cho phan
ung gitta CHsO-PSeU véi goc tw do HOO® & mtc
1y thuyét M05-2X/6-311++G(d,p) (Hinh 2). Ca ba vi
tri N12-H13, N15-H16 va N15-H17 déu dwoc khao

sat.

Hinh 2 cho thdy cac phan ting bat dau véi sy
hinh thanh cta trang thai trung gian 1 (Inter 1) véi
mttc nang lwong la —4,3; —4,7 va —15,5 kcal-mol ™ (so
v6i cac chat phan tng) twong tng voi cac vi tri
N12-H13, N15-H16 va N15-H17. Tiép dén, cac
phan ¢ng vuot qua cac trang thai chuyén tiép (TS)
véi cac hang rao nang luong cd gia tri lan luot la
4,7, 5,3 va 54 kcal'mol. R6 rang, gia tri nang
luong trang thai chuyén tiép ¢ vi tri N12-H13 ¢6
gia tri nho nhat. Cac phitc san pham (Inter 2) duoc
tinh toan vdi cac gia tri nang luong la -10,7; -10,8
va —4,7 kcalmol! tuong ung voi cac vi tri
N12-H13, N15-H16 va N15-H17. Hiéu tng nhiét
(AH®) va ndng luong ti do Gibbs (AG®) cua cac
phan tng gitta CHsO-PSeU va géc HOO* lan luot
c6 gia tri 0,2 va 0,8 kcal'mol ™ ¢ vi tri N12-H13; 2,7
va 2,7 kcal'mol™ & vi tri N15-H16; 5,5 va 6,5
kcal'mol™ ¢ vi tri N15-H17 (Hinh 2). Cac gia tri nay
mot [an nita khang dinh N12-H13 1a vi tri phan
tng c6 thé xay ra dé dang nhat va day la phan tng
thu nhiét.

Bang 1. Gid tri nang lugng phan ly lién két, ndng luong tw do Gibbs hoat hda (AG?), hé s6 hiéu chinh hiéu ting duong
ngam ¥, hiang s& tdc d6 (k) ctia phan tng gitta CH3O-PSeU va HOO" theo co ché HAT

Vi tri BDE (kcal-mol™) AG* (kcal'mol™) K k (M™s7) kuar (M™1-s71)
N12-H13 80,7 14,1 21639,9 4,1.10¢

N15-H16 87,0 14,4 29,7 8,4.108 4,1.10¢
N15-H17 91,3 14,6 10,1 1,3.10%
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Hinh 2. Bé mdt thé nang ctua phan tng gitta CHsO-PSeU va gdc HOO* theo co ché HAT

Tiép theo, d€ danh gia t6c d6 phan ting cta
cac chét chéng oxy héa khao sat, nang luong tu do
Gibbs hoat hoa (AG#), hé s& hiéu chinh dwong
ngam k va hang s& tdc d6 (k) ctia cac phan tng bat
goc tw do HOO* da duoc tinh & murc ly thuyét
MO05-2X/6-311++G(d,p) & 298 K trong pha khi
(Bang 1). Hang s6 toc dd ctia CHsO-PSeU la 4,1.10¢
Ms16vitri N12-H13; 8,4.10 M 1571 & vi tri N15-
H16 va 1,3.103 M 1-s1 & vi tri N15-H17. Nhu vay,
hang s tdc do tdng cong theo co ché HAT cua
CHsO-PSeU (tinh theo cong thirc 12) la 4,1.106
M 571 Trong khi d6, Trolox — mdt chat chong oxy
héa dién hinh - c6 tdc d6 phan tng 2,74.106 M 15!
khi tham gia phan tng chuyén nguyén ti hydro
véi gbc tu do HOO* [33]. Diéu nay chiing to
CHs0-PSeU c6 kha nang phan tng véi goc tw do
HOO-* nhanh gap 1,5 lan Trolox. Nang luwong tw do
Gibbs hoat hoa cua CHsO-PSeU ciing ¢ gia tri
thap nhat (14,1 kcal.mol ) & vi tri N12-H13. Ngoai
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ra, hé s6 hiéu chinh hiéu tng duong ngam (k) cho
phan tng & vi tri N12-H13 (k = 21639,9) gap 729
lan k ctia phan tng 6 vi tri N15-H16 (k = 29,7), va
16n gép 2143 lan x ctia phan tng 6 vi tri N15-H17
(k=29,7). Diéu nay mot lan niva cho thdy phan ting
theo co ch& HAT cia CH3O-PSeU dién ra dé dang
nhat o vi tri N12-H13.

3.2 Co ché chuyén electron

Co ché chuyén electron la co ché tiép theo
duoc ap dung dé€ danh gia kha nang chong oxy héa
ctia CHsO-PSeU trong pha khi. Cac phan ting cho
(16) va nhan (17) electron gitta CHsO-PSeU va
HOO:-" ¢6 thé xay ra nhu sau:

CHsO-PSeU + HOO* — CH3O-PSeU*+ HOO~ (16)
CH3O-PSeU + HOO* — CH3O-PSeU*~+ HOO* (17)

Bién thién entanpi (AH®) va nang lugong tw
do Gibbs (AG®) ¢ 298 K ctia phan ttng cho electron
(16) co gia tri lan luot la 143,6 va 143,3 kcal'mol ™,
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trong khi gia tri nay cua phan ting nhén electron
(17) 1a 275,6 va 276,8 kcal-mol ™ (Bang 2). Diéu nay
ching to phan ting (16) thuan loi vé méat nhiét dong
hoc hon phan tng (17). CHsO-PSeU c6 khuynh
hudéng dé cho electron hon la nhan electron tir g&c
tw do HOO*. T6c d¢ phan ting cho electron va nhan
electron duoc tinh theo ly thuyét cua Marcus [19].
Trong d6 AEer chinh la hiéu nang lvgng doan nhiét

gitra cac chat tham gia phan Ging va san phdm

AEET(l) = ECH30»PSeU'* + EHOO’ - ECHzo-PSeU + EHOO'

AE E (18)

ET® ~ “cH,0-pseur + EHOO* - ECH30-P59U + EHOO’

Vi cach ti€p can nay, kser dugc tinh theo
cong thie (13) va co gia tri 6,8.1028 M1-s1 cho
phan tng cho electron (16) va xdp xi bang 0 cho
phan ting nhén electron (17). Mac du phan tng (16)
wu thé hon phan tng (17), nhung gid tri hang s
toc d6 phan tng kser 1a rdt nho so véi kuar. Diéu
nay dong nghia v6i co ché chuyén electron khi
CH:0-PSeU phan tng voi HOO* la khéng dang
ké.

3.3 Coché cong gdc twe do

Phan ti CHsO-PSeU c6 cac lién két doi o
nhan thom. Day ¢ thé la cac vi tri cac gdc tu do dé
dang tham gia phan &ng cong (C2, C3, C5 va C6).
Trong co ché& nay, phan tng sé bat dau tlr cac chat
phan ting, qua giai doan trang thai chuyén ti€p va
tao thanh san phdm, khong qua cdc san phdm
trung gian. Hinh 3 la bé méat thé ndng ctia phan ting
cong gitta CH3O-PSeU va HOO". Trong bon vi tri
C2, C3, C5 va Cb6 ctia nhan thom trong phan tt,
phan tng ¢ vi tri C6 cd ndng luong trang thai
chuyén tiép thdp nhat (23,5 kcal-mol™) trong cac vi
tri tham gia phan tng. Day ciing 1a vi tri c6 hang
sO toc do phan tGng 16n nhat voi gid tri la 1,4.103
M.s71 (Bang 3). Cac vi tri C2, C3, C5 ¢ hgmg sO tdc
d6 thdp hon twong ung la 2,5.10% 2,1.10* va
6,0.10°5 M *-s'. Nang luong Gibbs hoat héa cua
phan ting (AG?) tai cac vi tri C2, C3, C5 va C6 c6 gia
tri [an lwot 14 22,6; 22,8; 23,4 va 21,6 kcal-mol ™. Tinh
theo cong thitc (14), hing s6 toc do tong cong theo
co ché phan tng cdng (krar) gitta CHsO-PSeU va
HOO* 1a 2,0.10° M t-s™.. Gia tri nay nho hon rat

nhiéu so vdi kuar.

Béng 2. Gia tri entanpi, nang lwong tw do Gibbs va hang s8 tdc d ctia cac phan ting cho, nhan electron giita
CH30-PSeU va HOO*

Phan tng AHP (kcal-mol?) AG®° (kcal'mol?) kser (M1-s71)
Cho electron (16) 143,6 143,3 6,8.10238
Nhan electron (17) 275,6 276,8 0

Bang 3. Gia tri nang lwong tw do Gibbs hoat hda (AG?), hiang s6 tdc d6 (k) theo co ché RAF ¢ 298 K

Phan tng AG* (kcal'mol™) k (Ms™) krar (M™1-s71)
CH3O-PSeU-C2 + HOO* 22,6 2,5.10™
CH30-PSeU-C3 + HOO* 22,8 2,110

2,0.10°3
CH30-PSeU-C5 + HOO* 23,4 6,0.10°
CH3O-PSeU-C6 + HOO* 21,6 1,4.10°3

10
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CH30-PSeU-C3+ HOO'
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San phdm

"H30-PSeU-C2+ HOO

— CH30-PSeU-C5 + HOO"

"H30-PSeU-C6 + HOO

Hinh 3. Bé mdt thé nang ctia phan ting cong (RAF) gitta CH:O-PSeU va HOO*

Ham luong san pham cta ting loai phan
tng gitta CH3O-PSeU vo6i HOO* duogc tinh theo
cong thire (15). San phdm hinh thanh theo co ché
HAT chi€m 99,9% so véi tdong san phdm duoc tao
ra theo ba co ch€ HAT, SET va RAF. Néi cach khéc,
phan tng gitta CHsO-PSeU va HOO* theo co ché
SET va RAF xay ra khong dang ké so vdi co ché
HAT. Vi tri N12-H13 dwoc danh gia la vi tri dé cit
dut hydro ciing nhu phan ting véi téc do 16n nhat
trong phan tit CHsO-PSeU.

3.1. Phan tich nguyén t trong phan tt

Trong s6 tdt ca cac vi tri N-H caa
CHs0-PSeU khi tham gia phan ting HAT véi g6c
tu do, vi tri N12-H13 duoc danh gia 1a c6 kha nang
phan tng cao nhat. Do d6, phan tng tai vi tri nay
duoc chon d€ phan tich AIM va hiéu chi tiét hon vé

Hinh 4. Dang hinh hoc ctia trang théi chuyén ti

DOI: 10.26459/hueuni-jns.v129i1C.5695

cac lién két mai khi hop chét nay tiép can vdi goc
tw do HOO" [34, 35].

Dua vao Hinh 4, ¢6 thé quan sét thdy trang
thai chuyén tiép duoc ting cuong nho cac twong
tac hydro H--O. Khoang cach ctia cac twong tac
H13--023 va 023--H16 nam trong khoang
1,315-2,044 A (Bang 4); chung nhoé hon tong ban
kinh van der Waals ctia cdc nguyén ti dang xét
(2,72 A). Diéu nay chiing to sy t6n tai ctia cac tuong
tac lién phan tk trong ciu trac ¢ trang thai chuyén
tiép nay. Sy c6 mat ctia cac diém tdi han lién két
dugc biéu thi bang cac qua béong nhé mau dé trén
Hinh 4. Ngoai ra, c6 mot diém t6i han vong véi qua
béng nhé mau vang duoc bao quanh bang vong
tron mau do. Diéu nay cho thdy phan tng cua
CH50-PSeU va HOO* dan dén su hinh thanh ciu
trac vong sau canh.
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Bang 4. Cac thong s6 tai cdc diém téi han trong tuong tac ndi phan tit cta trang thai chuyén tiép hinh thanh gitra
CHsO-PSeU va HOO*

Twong tac R (A) p) (e-au™®)  V2p(r) (e-au™®  G@)/1 V()] H(r) (hartrees-au™) Eus (kcal-mol™)
N12--H13 1,165 0,226 -0,760 0,213 -0,260 -103,764
H13--023 1,315 0,137 0,007 0,501 -0,089 55,015
023--024 1,410 0,308 0,020 0,506 -0,228 —144,569
023--H16 2,044 0,023 0,081 1,098 0,002 5,299
N15--H16 1,019 0,336 -1,853 0,092 -0,515 -178,050

Gia tri cia mat do electron (p(r)) tai diém t6i
han cua tuong tac O23--H16 thap (0,0231 e-au),
trong khi gia tri Laplacian cta nd (V¥(p(r))) la
duong va ty 1é (G(r)/IV(r)]) 16n hon 1. Diéu nay
cho thay twong tac O23--H16 0 trang thai chuyén
tiép khong cd ban chét cong hoda tri (nd ¢ thé la
lién két hydro hodc tuwong tac van der Waals).
Nguoc lai, twong tac N12---H13 c6 thé duoc coi la
cong hda tri do cac gia tri am ctaa V2p(r) va H(r),
dong thoi G(r)/IV(r)l < 1. Gia tri V(p(r)) ctia cac
teong tac H13--023 va 0O23---024 la dwong, nhung
H(r) €0 va 0,5 < G(r)/IV(r)| <1 nén ban chét cua
ching c6 thé duoc xem nhw 1a mot phan cong hoa
tri. Méat do electron va gia tri nang luwong lién két
tai BCP (Ems) cua twong tac H13--023 1én hon
nhiéu so v6i cua twong tac O23--H16, ching to
rang tuong tac H13--023 déng vai trd quan trong
trong viéc tdng cuong trang thai chuyén tiép. Két
qua nay kha tuong dong voi viéc viéc phan tich
AIM cho hop chat (CHs):N-PSeU cua Huong va cs.
[8]. Ngoai ra, ndng luwong lién két tai BCP cua tuong
tac N15:-H16 16n hon nhiéu so vdi gia tri nay cua
N12--H13; diéu nay khang dinh lién két N12--H13
dé bj cat dt hon.

4 Kétluan

Phan tng cua CHsO-PSeU va gbc tu do
HOO* da duoc nghién cttu thdong qua ba co ché
phan tng la HAT, SET va RAF. Két qua cho thdy
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hang s t6c dd phan tng ctia CH:O-PSeU dat gia
tri cao nhat 14 4,39 x 108 M 1-s7! tai vi tri N12-H13
khi khao sat theo co ché HAT. Con khi xét theo co
ché SET, CHs0-PSeU c6 khuynh hudéng cho
electron dé& dang hon nhan electron. Tuy nhién,
phan t¢ng nay hau nhu khong xay ra do kser qua
nho. Bén canh d6, phan ting theo co ché RAF cta
CHs0-PSeU ciing duoc danh gia ¢ tai bon vi tri ctia
nhan thom. Trong d6, phan tng tai C2 ¢6 hing s§
toc d6 phan tng 16n nhét 3,31 x 102 M 1:s™.. Tuy
nhién, so véi phan tng theo co ch€ HAT, san phdm
hinh thanh theo RAF khong dang ké. Ham luwong
san pham tao ra theo co ché€ HAT chiém 99,99% so
véi tong san pham dugc tao ra theo ba co ché HAT,
SET va RAF.
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