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Tom tat

Co ché ctia phan tng gitra géc propargyl (CsHs) va gbc metyl (CHs) d& duoc nghién ciu bang phuong phép
hoa hoc /wong ttr bang viéc st dung ph/em ham M06-2X cung v6i bo co s¢ aug-cc-pVTZ. Bé maét thé nang
(PES) ctuia hé CsHs + CHs da duoc thiét lap. Két qua tinh toén chi ra rdng phan ing CsHs + CHs c6 hai
huwéng déu vao tao thanh hai chét trung gian én dinh: buta-1,2-diene va but-1-yne, 1 sdn pham trung gian
chinh ctia hé phan (rng. Ttr hai trang théi trung gian nay cé thé tao thanh 19 sén pham luéng phén ti khac
nhau. Trong d6, C2H2 + C2Ha & sén phdm thuén loi nhét vé mat nhiét déng hoc.

T khoa: Co ché phan (rng, gbc propargyl, géc methyl, M06-2X, PES.
Abstract

The mechanism of the reaction between propargyl! radical (CsH3) and methyl radical (CH3) has been studied
by the quantum chemical method using the M06-2X functional in conjunction with the aug-cc-pVTZ basis
set. The potential energy surface (PES) for the CsHs + CHs system has been established. The calculated
results indicate that the CsHs + CHs reaction has two main entrance channels leading to two stabilized
intermediates, buta-1,2-diene and but-1-yne, which become the major intermediate products of the reaction
system. From these two intermediate states, 19 different bimolecular products can be formed. For which,

C2H:2 + C2H4 is the most thermodynamically favorable product.

Keywords: Reaction mechanism, propargyl radical, methyl radical, M06-2X, PES.

1. Mé dau

Géc propargyl (C3Hz) dugc xac dinh co lién
quan dén qua trinh ddt chay ciing nhu nhiét phan
[1-5]. N6 dugc tao ra khi cac phan tir hitu co bi phén
cét thanh cac phan tr nho do qua trinh oxy hoa hodc
nhiét d6 [6,7]. Ngoai ra, gbc C3H; o thé dugce tao ra
boéi phan Ung cuia ketenyl hodc methylene véi
acetylene hodc do qué trinh phéan tach nguyén tod H
clia propyne hodc aliene [8-10]. Cac gbc propargyl
cling dugc tao ra bang cach quang phan ciia C3H;Cl
va C3H3Br 6 bude song 193 nm khi sir dung ky thuat
quang phd dong hoc héng ngoai [1 1]. Propargyl duoc
cho la ¢4 san trong ngon lira voi sO luong doi dao vi
n6 rat bén trong qua trinh nhiét _phén [12] va phan
g cua né voi phan tr oxygen dién ra rat cham, hang
s6 tdc d6 vao khoang 3.95 x 107'6 cm?® molecule™ s™!
[13].

Xét vé mit cau trac, gdc propargyl ton tai dudi
dang cong huong cua hai cdu trac nhu axetylenic
(CH, — C = CH) va allenic (CH, = C = CH). Mdi céu
trac ¢c6 mot orbital chira mot electron doc than trén
nguyén tir cacbon nim & nhoém CH, hodc CH, trong
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khi cac orbital con lai dugc dién ddy di va co hai lién
két m yéu trén mdi céu trac. Do do6, kha nang phan
g cua goc propargyl duoc cho la rat cao, diéu nay
dugc chimg minh bang mét s6 phan ung cua C3H; véi
HCHO [14] va OH [15]. Trong goc propargyl, cé hai
vi tri phan Gng chinh: nguyén tir C chira cac electron
chua ghép doi va lién két ; do d6 cac tac nhan co thé
dé dang tan cong vao hai trung tdm phan Ung nay.
Két qua tinh toan ly thuyét va thuc nghiém déu cho
thdy ciu trac thir nhat hoat dong manh hon va chiém
uu thé (65%) trong pha khi [16].

Trong khi do, gbc methyl (CHs) dugce sinh ra
chu yeu trong nghanh cong nghiép dau mo. N6 vira la
chat oxy hoa, vira 1a chat khir manh va 1a mot chat an
mon kim loai: M + nCH; — M(CH3)a. N6 ¢6 thé
dugc tao ra bang viéc phan ly quang hoc cua hoi
axeton ¢ budc song 193 nm, CsHsO — CO + 2CHs.
N6 ciing ¢6 thé duge tao ra bang viée dung tia cuc
tim phan tach quang hoc d6i v6i hop chat
halomethanes, CH;X — X + CH;. Ngoai ra, gdc
methyl ciing dugc sinh ra boi phan tng gitra CH, voi
gbc OH, CH4 + OH — CH; + H,O. Xét vé mat ciu
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tao, géc methyl con mot electron ty do khu tra trén
nguyén tir carbon nén de dang tham gia vao cac phan
ung hoa hoc dé tao thanh lién két cong hoa tri.

Tir nhitng ddc diém ndi troi vé ciu tao va tinh
chat ctia C3H3 va CHs, c6 thé thay viéc nghién ctru co
ché phan ting giira ching bang phuong phap hoa hoc
lugng tir s€ lam sang to kha nang phan Gng cla cac
gde tu do véi nhau xay ra trong pha khi.

2. Phwong phap tinh

Céu triic hinh hoc cua cic chét phan tng, cac
chat trung gian (IS), trang thai chuyén tiép (TS) va
cac san pham (PR) cua h¢ phan tng CsH; + CH3 da
dugc t6i wu héa bang viéc su dung phwong phép
phiém ham mat d6 & mic MO06-2X/aug-cc-pVTZ
[14]. Nang lugng diém don cia tit ca cac chat néu
trén dugc tinh & murc rat cao CCSD(T)/CBS. Ning
luong twong quan gitta cac chat TS, IS va PR so vdi
cac chit phan mg duogc hiéu chinh bang viéc cong
thém nang lugng dao dong diém khong. Cac giai
doan khong c6 trang thai chuyen tiép duoc kiém tra
bang thu tuc tinh dudng cong thé ning ¢ cing murc 1y
thuyét doc theo toa do phan ung tir trang thai can
bang t6i trang thai khong lién két voi budc nhay
0,1 A. Céc cu tric da t6i wu hoa dugc tién hanh phan
tich tan s6 dao dong dé tim ra sy phu hop cua cau
trac; trong d6 TS c¢6 mot tan s6 4m, con IS va PR ¢6
céc tin s6 déu duong. Tir cac két qua tinh toan s& xac
dinh cAu truc, nang lugng, cac thong s6 nhiét dong va
thiét 1ap bé mit thé nang cua phan tng gitra CsH; véi

CHs. Trén co s6 d6 s& tim ra dugc cdc san phdm phan
ung uu tién va cac duong phan ung cé nang lugng
thip nhat. Do s& 1a co so 1y thuyét dang tin cdy cho
phép tinh todn cac hing s6 téc do phan ing & cac
nghién ctru tiép theo. Pong thoi ddy ciing 13 co so dir
liéu quan trong gitp ich cho viéc lya chon va tién
hanh cac dudng phan img bang thuc nghiém vé sau.

3. Két qua va thao luin
3.1. Ciiu triic hinh hoc va bé mdt thé ning

Bé mat thé ning cia h¢ CsH; + CH; dugc thé
hién & Hinh 1, trong khi d6 cdu trac cia mot s6 trang
thai chuyén tiép va trang thai trung gian duoc hién thi
& Hinh 2. Trong Hinh 1, cac chét tham gia phan (g
ban dau ki hiéu 1a RA; cac san phém tao thanh duogc
ky hiéu 1 Py (x tir 1 dén 19); ¢6 15 cdu triic cuc tiéu
trung gian dugc ky hiéu 1a ISy (y tir 1 dén 15) va 33
céu tric trang thai chuyén tiép dugc ky hiéu 1a Tx/y,
v6i x, y 1a cac cuc tiéu, san pham va phirc chét tuong
ung.

Két qua tinh ning luong dao dong diém khong
(ZPE) va ning lugng diém don (HF) giup ta xac dinh
dugc cac mirc ning luong tuong quan cia céc cu
tric so voi mirc nang luong cta hé chat tham gia
phan tmg ban dau C;H;+CH; (RA) dugc qui udc
bang 0. Hinh 1 14 bé mit thé ning rat gon sau khi da
luge bo bot cac dudng phan ing c6 mirc nang luong
cao. Vi vy, mit so trang thai chuyén t1ep, trang thai
trung gian va san pham khong dwoc thé hién trén hinh
ve.
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CCSD(T)/CBS//B3LYP/6-311++G(3df,2p) + ZPVE.
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3.2. Phan tich cac dwong phdn rng

Tir két qua khao sat & trén, ta nhan thiy gbc CH;
tan cong gdc C3Hs tai 2 vi tri C; va C; ma khong
thong qua trang thai chuyén tiép nao. Diéu nay hoan
toan phii hop vi ca 2 chat déu con mot electron doc
than chwa tham gia lién két, nén khi gip nhau chung
d& dang két hop v6i nhau va hinh thanh cac hop chat
trung gian IS1 (CH3-CH=C=CH,) va IS2 (CH3-CH>-
CCH) twong tng v6i nguyén tir C tham gia lién két
lai hoa sp? va sp®. Ca hai qua trinh hinh thanh IS1 va
IS2 déu toa nhiét, voi luong nhiét tda ra twong ung la
78.8 va 77,6 kcal/mol. Gbc CH; khong tin cong vao
vi tri Cs ¢6 thé 1a do sy an ngir vé khong gian va san
pham trung gian néu dwgc hinh thanh s& lam cho C;
khong dugc bao hoa hoa tri.

Tir IS1, ¢6 nhidu con dwong khac nhau hinh
thanh cic san pham. Trong d6 c6 3 san phim P14,
P15 va P16 dugc hinh thanh tryc tiép tir IS1 ma
khong trai qua trang thai chuyén tiép ndo. San pham
Pis (H3CCCCH2 + H), Pis (HzCCHCCHz + H) va Pie
(H3CCHCCH + H) thu dugc tng v6i cac qua trinh
tach nguyén tor H tir vi tri nhom CH, CH; va CH,
tuong ng cua IS1. Vi cung 1a qua trinh tach nguyén
tor H tir IS1 nén ca 3 san pham néu trén déu c6 cac gia
tri nang lugng xap xi nhau, tvong tng voi 7,4; 9,6 va
10,0 kcal/mol. Ngoai viéc dugc tao ra truc tiép tur IS1
nhu trén, san phém P14 con duoc tao ra mdt cach dan
tiép khi IS1 di qua trang thai T1/4 (-16,0 kcal/mol) dé
sinh ra IS4 (CH;-CCH=CHy). Tt trang thai trung gian
nay c6 thé tach nguyén tir H & nhom CH dé tro thanh
san phdm P14 hodc chuyén vi nguyén tir H tr nhom
CH sang nhom CH; qua trang thai chuyén tiép T4/10
(-3,1 keal/mol) dé hinh thanh 1S10 (CH3-CC-CHs),
rdi sau d6 tach nguyén tir H & nhom CHj sinh ra san
phim Pj4. Nhu vAy, san phim P4 c6 thé dugc hinh
thanh theo 3 con duong khac nhau, trong dé duong di
ra truc tiép tir IS1 sé& thudn loi hon duong di qua T1/4,
va duong di qua T4/10 kém thudn loi hon so véi
2 duong con lai.

Ngoai 3 san pham néu trén, 2 san pham khac 1a
P, va P; ciing duoc sinh ra tir IS1 khi chit phan tng
chi phai trai qua mét hang rao nang lugng tuong ting
la T1/P1 va T1/P3. Trong d6, T1/P1 ung véi qua trinh
chuyen vi nguyén tr H tir nhom CH sang nhom CHj,
ddng thoi cit dut lién két giita hai nguyén tir cacbon
cua 2 nhom trén dé tao ra khi methane (CH,) trong
san pham cua P;. T1/P3 Gng v6i qua trinh tach 2
nguyén tir H tir vi tri nhém CH va CH; dé tro thanh
phan tir 1,2,3-butatriene va Hs trong san pham ctia P3;
qué trinh nay ciing lam thay doi goc lién két £CCC
tir 125° trong IS1 thanh 180° trong phén tir san phdm
(H,CCCCH,). Ca 2 con dudng hinh thanh sin phdm
Py va P; tir chat phan tng (RA) déu 1a nhitng qua
trinh téa nhiét; néu nhu qua trinh tao ra san phém Py
téa ra mot lugng nhiét 1a 4,6 kcal/mol thi khi tao ra P3
luong nhiét toa ra 16n hon & P; khoang 37,0 kcal/mol.
Ngoai ra, san phim P, ciing dugc sinh ra tir IS1
nhung phai trdi qua 3 giai doan chuyén tiép khac
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nhau 1a T1/4, T4/10 va T10/p3. Trong d6, T1/4 tng
v6i quéa trinh chuyén vi nguyén tir H tir nhém CH
sang nguyén tor C doc than voi khoang cach tuong
tmg 1a 1,476 va 1,196 A. San phim trung gian
IS4 (H3C-CCH=CH,) dugc hinh thanh ngay sau do
g voi mirc nang lugng tuong quan thip hon chat
phan tng la 25,1 kcal/mol. T4/10 (-3,1 kcal/mol) la
trang thai chuyén tiép gitra IS4 va IS10 tng véi qua
trinh chuyén vi ctia nguyén tr H tir nhém CH sang
nhém CH; hinh thanh IS10 (H3CCCCHs) ¢ vi tri
-82,5 kcal/mol. T10/P3 c¢c6 vi tri cao nhit so véi
2 trang thai chuyén tiép noi trén, ndm & vi tri cao hon
chat phan tng khoang 2,0 kcal/mol; trang thai nay
cho biét hai nguyén tir H dang bi dut ra déu ¢ khoang
cach 1a 1,602 A va tién lai g'?m nhau & khoang céch
0,945 A. Nhu vay, trong hai con dudng hinh thanh
san pham P3, mic du phai trai qua 3 trang thai chuyén
tiép nhu trén nhung /duong thtr hai khi di qua IS4 va
IS10 thudn loi hon rit nhiéu vé mit ning luong so véi
duong thr nhat chi di qua trang thai chuyén tiép
T1/P3.

Tir IS1 ciing c6 thé hinh thanh 2 san pham trung
gian khéc 13 IS6 va IS8 thong qua T1/6 va T1/8. Néu
nhu & T1/6 cho biét co su dich chuyén ciia nguyén tir
H tir vi tri nhém CH; sang nguyén t&r C doc than bén
canh dé tao ra IS6 (H3C-CHCHCH) thi T1/8 lai cho
biét nguyén tr H dwoc dich chuyén tir vi tri nhém
CH; dau mach vao vi tri nguyén tir C doc than dé tao
thanh phan tr 1,3-butadien (H,C=CH-CH=CH,). Do
su dich chuyén xa hon ma T1/8 c¢6 mirc ning lugng
cao hon so véi T1/6 (-12,2 kcal/mol) khoang 2
kcal/mol. Tuy nhién, cu tric cua 1S6 duogc tao ra
khong can d6i, nhom diém ddi xung 1a Ci, céac
nguyén tr tham gia lién két chua dugc bdo hoa hoa
tri; trong khi d6 nhom diém déi xing cua IS8 1a Cap.
Do d6, IS8 (91,2 kcal/mol) bén hon réat nhiéu so véi
IS6 (-27,5 kcal/mol). Ngoai ra, IS8 ciing la trang thai
trung gian bén viing nhat so véi tat ca cac IS khac
trén bé mat thé nang.

Trang thai trung gian IS1 va IS2 ¢ thé chuyén
ddi qua nhau théng qua T1/2 (5,9 kcal/mol). O vi tri
nay, nguyén tu H cua nhém CH; trong IS1 dang dut
ra & khoang cach 1,275 A va dich chuyén sang nhom
CH & khoang cach 1,399 A va dugc rat ngan xudng
con 1,093 A trong IS2. Khi d6 goc lién két £CiC,C3
duoc bé cong dén vi tri 72,47° dé thuan tién cho viéc
dich chuyén néi trén.

Tir IS6, san pham P (C:Ha + CoHy) duge hinh
thanh thong qua trang thai chuyén tiép T6/P6 ting véi
qué trinh dich chuyén nguyén tir H tir nhom CH; sang
nhém CH bén canh, dong thoi cat dut lién két giira 2
nguyén tir cacbon nay hinh thanh ra 2 khi acetylene
va ethylene trong san phim cua Ps. Vi xay ra ca 2 giai
doan (chuyén vi H va cat dut lién két C-C) nén ning
lwong can tiéu ton cho qué trinh nay tuong dbi cao,
khodng 44 kcal/mol. Tuy nhién, ca 2 khi noi trén déu
bén ving vé mit nhiét dong nén san pham
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Pg (-51,2 keal/mol) thu duoc c6 nang luong thip nhét
trong tat ca cac san pham sinh ra cua hé phan tng.

Tir IS8, c6 nhidu dwdng phan tmg sinh ra cac
san phdm khac nhau. Trong d6, sian pham P, duoc
sinh ra khi IS8 phai trai qua 2 giai doan chuyén tiép 1a
T8/5 va T5/P4. Giai doan thir nhat di qua T8/5 (g
véi qua trinh dong vong mach carbon, ltic nay toan
mach carbon dugc bé cong dé 2 nguyén tir C ¢ dau
mach va cudi mach tién lai gﬁn nhau ¢ khoang cach
2,133 A; khoang cach nay dugc rit ngin xudng con
1,57 A trong céu trac cua IS5, phu hop voi lién két
don gilra 2 nguyén tir carbon va lam cho 2 nguyén tu
carbon nay thay doi trang thai lai hoa tir sp? trong cau
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céu trac cua IS8 thi cau tric ctia IS5 ¢6 phan kém bén
vimg hon do mét tinh chat ddi xtmg, do vdy ning
lugng twong dbi cua no bi diy cao hon so voi IS8
khoang 12 kcal/mol. Giai doan thir hai 1a giai doan
tach dong thoi 2 nguyén tir H & 2 nhém CH, canh
nhau tng véi khoang cach tach trong T5/P4 déu la
1,617 A, sau khi dugc tach ra chung Kkét hop véi nhau
dé tao thanh phan tir Hy, phan con lai tao thanh phan
tir mach vong déi ximg, cyclo-1,3-butadien, trong san
phim cta Ps. Toan bd qué trinh tao thanh san phim
Py tir chét phan ung ban dau da téa ra mdt luong nhiét
la 16,6 kcal/mol.
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Khong phai trai qua nhiéu giai doan chuyén tiép
nhu P4, san phém Ps duoc sinh ra khi IS8 chi di qua
mot giai doan chuyén tiép duy nhat T8/P5 & vi tri 6,0
kcal/mol. D6 1a qua trinh chuyén vi ciia nguyén tir H
tir vi tri nhdom CH sang nhom CH bén canh, déng thoi
cit dut lién két gitra 2 nguyén tir C nay tao ra san
pham bén C,Hy va phéan con lai CCH, trong Ps.

Tuy san pham Ps d& tao ra hon so v6i san pham
P4 do hang rao nang luong thip hon, nhung Ps lai
kém bén hon P4 do CCH, con mot cdp electron chua
tham gia lién két, diéu do dan dén ning luong cua Ps
cao hon P4 khodng 8 kcal/mol. Ngoai ra giira IS8 va
IS6 con c¢6 mbi quan hé véi nhau thong qua trang thai
chuyén tiép T8/6 g vi qua trinh chuyén dich cua
mot nguyén tir H tr nhom CH, ¢ ddu mach sang
nhom CH, & cubi mach. Giai doan nay doi hoi mot
lugng ning lugng cao hon trang thai chuyén tiép T8/5
khoang 32 kcal/mol.

Tir IS2, ¢6 nhidu dudng khac nhau sinh ra cac
san phidm P,, Ps, Py va Pjy. Trong d6, san phim
P, (HCCCH + CHa, -5,1 kcal/mol) duoc sinh ra khi
IS2 vuot qua hang rao ning lugng T2/P2 ¢ chiéu cao
nam trén chit phan tng ban dau 1a 11,2 kcal/mol; day
1a qua trinh chuyén dich nguyén tor H tr nhém CH»
sang nhom CH;, dong thoi cat dut lién két giita 2
nguyén tir C ndy va sinh ra khi metan trong san phim
ctia Po. Nhu vay, co thé thiy Py va P, 14 2 san pham
ddng phan cua nhau nén c6 tinh canh tranh nhau; tuy
nhién san pham P; dé hinh thanh hon P, do hang rao
ning lugng thap hon. San phdm Ps ngoai viéc hinh
thanh to IS1 nhu da phan tich ¢ trén thi con dugc
hinh thanh tir IS2 thong qua trang thai chuyén tiép
T2/P6 (0,3 keal/mol). Day ciing 1a trang thai chuyen
tiép két ndi tir trang thai trung gian ra san phim ma
c6 muc nang luong thap nhat Hon nira, Ps ciing la
san pham bén viing nhat vé mit nhiét dong, do vay
duong phan tng di qua IS2 tao ra san pham Pg 1a
duong thuan lgi nhat vé mat nang luong so voi tat ca
cac dudng con lai ciia bé mit thé nang. San pham Py
cling duogc tao ra tir IS2, khi d6 2 nguyén t&r H ¢ cung
vi tri cia nhém CH, duoc tach ra va két hop véi nhau
tao thanh phan tir Hy; qué trinh nay lam thay déi goc
lien két ZHCH tir 106,14° trong IS2 xudng con
20,36° khi 2 nguyén td H dang dut ra ¢ trang thai
T2/P9 (19,9 kcal/mol), dong thoi khoang cach gitra 2
nguyén tir H da duogc thu hep tir 1,748 A xudng con
0,816 A khi 2 H tién lai gan nhau, diéu nay hoan toan
phu hop véi cau tric ciia mot trang thai chuyén tiép.
Qua phan tich cho thiy san phdm Py duoc tao ra
thong qua 2 duong khac nhau, duong thir nhét di qua
IS1, dudng con lai di qua IS2; xét vé mit ning luong
duong thir nhat du di qua nhiéu trang thai khac nhau
nhung lai thuan lgi hon duong tha hai. Cudi cung san
pham Py ciing dugc sinh ra tir IS2 khi di qua trang
thai chuyén tiép duy nhat T2/P10 Gng véi vi tri 17,5
kcal/mol cta qué trinh tach 2 nguyén todr H & nhom
CH; va CH; bén canh, cdu tric ciia T2/P10 cho thiy 2
nguyén tu ndy dang dut ra & cac khoang cach tuong
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tmg 1a 1,165 va 2,394 A; va tién lai gin nhau &
khoang cach 1,438 A trudc khi tao ra khi hydrogen
trong san pham cia P, (HCCCHCH, + Hy), déy ciing
1a san pham kha bén vé mit nhiét dong va qua trinh
tao ra Pio la qua trinh tda nhiéu nhiét, voi luong nhiét
sinh ra khoang 49,5 kcal/mol. Ngoai nhimng san phim
da phan tich & trén, con c6 mot $6 san phém khac nhu
Pii, P12 va Pys cling xuét hién trong hé phan tng; tuy
nhién do chét phan ung phai vugt qua cac hang rao
ning luong kha cao khi hinh thanh ra cic san pham
nay, nén c6 thé bo qua khi xem xét cac san pham ciia
hé.

Nhu vay, véi hé phan Gng giita gbe C3Hs va goc
CH; ta thu dugc 19 san phdm. Tir bé mit thé nang ta
nhan thay, hau hét cac qua trinh hinh thanh san phdm
déu téa nhiét. Trong do, san pham Ps c6 ‘nang luong
twong quan bé nhat san pham uu tién nhat. Bén canh
d6 cac san pham cit dat truc t1ep lién két thuong co
ning lugng cao do lién két C-C bén vimng.

4. Két luan

Bang viéc s dung phuong phap phiém ham mat
dd (DFT), hé thong céu trac cac chat phan tmg, cac
chat trung gian, cic chat & trang thai chuyén tiép va
toan bo san pham ctia hé phan ung C;H; + CH; da
dugc ti ru héa & mirc M06-2X/aug-cc-pVTZ. Ning
lugng diém don ciia cac chat dugc tinh & mirc
CCSD(T)/CBS. Trén co s¢ tinh ning luong twong ddi
clia cac chét so véi chat phan tmg, bé mat thé ning
thé hién cac duong phan tmg lién quan dén hé phan
g da dugc mo ta mot cach chi tiét. Viée phén tich
cac duong phan mg trén bé mit thé ning cho thiy
kénh phan (g d4u vao ciia hé CsH; + CH; xay ra dé
dang do day 1a hai gdc tu do déu chira mét electron
doc than. Nhidu san pham cta hé phan tng nay déu
c6 thé duge tao ra ¢ diéu kién binh thudng do cac
hang rao nang luong ma ching phai trai qua c6 ning
luong rat thép. Trong d6, duong phan (ng tao ra san
pham Pg thuan lgi nhét vé mat nang lugng va Pe cling
la san pham bén viing nhat vé mat nhiét dong.
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