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Tom tat

Trong bai bao nay, ching t6i nghién ctru cac déc trung co hoc va cdc tinh chat dién tir ciia don 16p Janus GeSiT,
bang phuong phap 1y thuyet phlem ham mat do. Cac tinh toan cho thiy rang don 16p Janus GeSiTe; ¢6 cdu triic tinh thé
ben vitng va c6 thé ché tao bang cac phuong phap thong thuong. Janus GeSiTe; ¢6 cac dac trung co hoc di hudng do co
cAu triic tinh thé di hudng. Dic biét, Janus GeSiTe; c6 hé sd Poisson am, phi hop st dung trong cac tmg dung luu trit
ning luong hay trong cong nghé chdng va dap. O trang thai co ban, don 16p Janus GeSiTe; 1a mot kim loai dya trén cac
tinh toan v6i phiém ham PBE. Tuy nhién, hiéu chinh ciu tric ving nang lugng véi phiém ham HSE06 cho thay don 16p
Janus 12 mot ban dan c6 viing cAm xién véi gia tri ving cdm 0.42 eV. Két qua tinh toan ciing chi ra c¢6 su chénh léch thé
tinh dién giita hai bé mat ctia don 16p Janus GeSiTe; do cdu triic bat dbi ximg ctia nd. Két qua nghién ciru khong chi cung
cip nhig tinh chét vat 1y co ban cta don 16p Janus GeSeTe, ma con gop phan dinh huéng Gng dung vt liéu nay trong
cong ngh¢ trong tuong lai.

Tir khéa: Vat liéu Janus hai chiéu; ciu trac tinh thé di hudng; ti s6 Poisson am; ly thuyét phiém ham mat do.

Abstract

In this study, we investigate the mechanical characteristics and electronic properties of the Janus GeSiTe, monolayer
using density functional theory. Our simulations reveal that the Janus GeSiTe, monolayer possesses a stable crystal
structure and can be synthesized using conventional experimental techniques. Owing to its anisotropic crystal structure,
the material exhibits direction-dependent mechanical behavior, including a notable negative Poisson’s ratio, an attribute
that makes it promising for applications in energy storage and shock-absorbing technologies. At the ground state,
calculations using the PBE functional classify the monolayer as metallic. However, when the electronic band structure is
corrected using the HSE06 hybrid functional, the Janus GeSiTe; is identified as an indirect bandgap semiconductor with
a narrow bandgap of 0.42 eV. Additionally, the obtained results also indicate that there is a difference in electrostatic
potential between the two surfaces of Janus GeSiTe; monolayer due to its asymmetric structure. These findings not only
provide fundamental insights into the physical characteristics of the Janus GeSiTe. monolayer but also highlight its
potential for integration into next-generation electronic and energy-related applications.

Keywords: Two-dimensional Janus material; anisotropic crystal structure; negative Poisson’s ratio; density functional
theory.
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1. Giéi thi¢u

Vit liéu hai chiéu c6 cau tric 16p 1a ddi tuong
thu hut dugc sy cht y dac biét cia cong d@)ng
khoa hoc trong thoi gian gan day do chung cé
nhimg tinh chat vat Iy ndi trdi ciing nhu trién
vong ung dung to 16n trong cong nghé [1]. Vat
liéu hai chiéu ¢6 céu tric 16p 1a ho vat liéu da
dang vé thanh phan cdu tao cling nhu ciu tric
tinh thé. Gan déy, vat liéu hai chiéu da thanh
phan c6 cau tric bat ddi xtmg theo phuong thang
dimg (thuong duogc goi la vat liéu Janus hai
chiéu) ndi 1én nhu 1a mot nhém vat liéu c¢6 kha
ndng tmg dung cao trong cac linh vuc khac nhau
cua cong nghé do chung c6 cac dac trung vat ly
khac la ma khong ton tai trong cac cau trac dbi
xtng tuong tng cua chiing [2].

Nhiing vat li¢u Janus hai chiéu déu tién duge
thuc nghiém ché tao thanh cong co thé ké dén do
la Janus graphene [3]. Janus graphene dugc tao
ra béng cach halogen hoéa mot bé mat cla tim
graphene dé tao nén cau tric bat ddi xing theo
phuong thang dung. Janus graphene c6 mot bé
mat 1a chira cac nguyén tr carbon ctia tim
graphene va mat kia 1a cadc nguyén tu halogen.
Viéc halogen hoa hay hydrogen héa cac bé mit
vat liéu 1a mot trong nhitng phuong phap thong
dung nham dé tao ra cu tric Janus noi chung
cling nhu nham muc dich thay doi tinh chét vat
Iy ctia vat liéu hai chidu noi riéng. Dadu mdc quan
trong trong viéc ché tao vat liéu Janus hai chiéu
d6 1a viéc ché tao thanh cong bang thyc nghiém
Janus MoSSe [4]. Viéc ché tao thanh cong Janus
MoSSe tao ra su phong phu trong viéc hinh
thanh cac vat liéu da thanh phan c6 cau tric bat
d6i xung theo phuong thang dimg. Diéu nay
cling d thic ddy mot cach manh mé cac nghién
ctru 1y thuyét vé hé vat liéu bat ddi ximg tha vi
nay. Hang loat céc nghién ctru vé vat lidu Janus
hai chiéu da thanh phan di duoc thyc hién ngay
sau d6, c6 thé ké dén nhu Janus ctia hop chat kim
loai nhém III monochalcogenide, Janus ctua hop
chit ho MA»Zs (M = Kim loai chuyén tiép;

A =Ge, Si; Z=N, P, As) [5] va dac biét la Janus
ciia hop chat nhdm IV monochalcogenide [6].
Hop chit nhom IV monochalcogende 1a nhiing
vat liéu khong doc td, than thién véi moi truong
va gia thanh ché tao thap. Nhom vat lidu ndy c6
nhiéu tinh chat vat 1y hdp dan va cho thay dugc
trién vong ing dung ctia nd trong nhiéu linh vyc
khac nhau cua cong nghg.

Mot trong nhitng tinh chat hdp dan cia vat
liéu 2D 1a ti s6 Poisson c6 gia tri am. Cac cong
trinh truéc ddy da ching minh rang cic hé céu
tric ba chiéu nhur cac vat liéu perovskite [7] hay
mot sb loai gdm [8] ciing s& hitu ti s6 Poisson
am. Tinh chét ndy ciling dugc quan sat trong vat
li€u mot chiéu nhu so1 nano kim cuong [9]. Ti
sO Poisson 4m ciing dd dugc tim thdy trong hé
2D 1a phospho den [10] va mot s6 vt liéu khac
[11,12]. So v6i céc vat liéu thong thuong, cac vat
liéu véi ti sO Poisson 4m c6 d6 bén dugc cai thién
hon va kha ning hip thu 4m thanh vuot troi. Vi
véy, nhitng vat liéu ndy c6 tiém ning ung dung
trong nhiéu linh vuc khac nhau cta cong nghé
[13]. Trong cac nghién ctru gan ddy, ti sd
Poisson véi gia tri 4m ciing da duoc tim thiy
trong cac don 16p Janus 2D. Chang han, don 16p
Si>SSe dugce du doan ¢6 ti sd Poisson 1én dén -
0.12 [12]. Tuy nhién, hién nay van con it cong
trinh nghién ctru vé vat liéu bat ddi xtng Janus
¢6 ti s6 Poisson 4m.

Trong bai bao nay, ching t6i tap trung vao
vigc khao sat cac dac trung cAu triic, cc tinh chat
co hoc va céc tinh chét dién tir ciia don 16p Janus
GeSiTe, bang 1y thuyét phiém ham mat do. Két
qué tinh toan dat duoc s& gdp phan lam sang to
hon céc tinh chat vat 1y ctia Janus GeSiTe; ciing
hé vat liéu Janus hai chiéu noi chung. Nam bt
duoc cac dac trung vat ly vat li€u, ching ta sé
thdy r& hon trién vong mg dung chung trong
cong nghé.

2. Phuwong phap tinh toan

Céc tinh todn trong bai bao nay dugc thuc
hién bang phuong phap 1y thuyét phiém ham mat
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d6 dua trén phﬁn mém Vienna ab initio
simulation package (VASP) [14,15]. Chung t61
sir dung phuong phép gan ding gradient suy
rong (GGA) v6i phiém ham PBE (Perdew,
Burke va Ernzerhof) [16] dé xir Iy cac tuong tac
trao doi twong quan trong vat lidu. Phiém ham
HSEO06 cling da dugc su dung dé hiéu chinh cau
truc vung nang lugng dién tr cua vat li¢u [17].
Chung t61 st dung md phong dong hoc phén tir
ab initio (AIMD) véi tap hop chinh tic ¢ nhiét
d6 300 K trong thoi gian 8 ps vi moi bude thoi
gian 1a 1 fs dé danh gia do 6n dinh nhiét ctia cdu
trac. Mot khoang chan khong véi bé day 20 A
duoc chén vao theo phuong thang dung (doc
theo truc z) dé loai bo tuwong tac giira cac 16p lan
can. Vung Brillouin th nhat dwoc chia thanh
ludi co6 kich thudc 12x12x1 k-mesh theo phuong
phap chia luéi Monkhorst-Pack [18]. Nang
luong ngudng trong phuong phap séng phang
duoc thiét 1ap 1a 500 eV. Ngudng hdi tu cua luc
va nang lugng lan luot 1a 103 eV/A va 10 %eV.

3. Két qua va thao luan
3.1. Céu tricc tinh thé va d¢ bén cdu tric

Janus GeSiTe; c6 thé duge tao ra tir cac vat
liéu d6i xtmg twong tng, chang han nhu GeTe
hodc SiTe (xem thém [19]) bang cach thay thé
mot 16p Si trong SiTe bang mot 16p Ge (hoic
thay mot 16p Ge trong GeTe bang mét 16p Si).
Céu trac tinh thé ctua don 16p Janus GeSiTe:
dugc mo ta & Hinh 1. Pon 16p Janus GeSiTe: co
cdu tric truc thoi véi 6 don vi gdm 8 nguyén tur,
trong do co 4 nguyén tu Te, 2 nguyén tir Si va 2
nguyén tir Ge. Hang sb mang cua ciu tric
GeSiTe; lan lugt 1d a = 7.59 A va b =4.09 A.
Céc gia tri nay 16n hon so v6i hang s6 mang cua
don 16p SixSSe [12]. Do dai lién két giita cac
nguyén tir, 20m dceTe, dsi-Te VA daesi cling dugc
tinh toan va lan luot bang 2.61 A, 2.54 A va 2.42
A. Chuing ta thay rang dae Te va dsi-te khac nhau,

diéu nay dan dén don 16p co cdu truc bat dbi
ximg theo phuong thang dimg. Dong thoi, dge-te
16n hon dsi-1e 12 do ban kinh nguyén tir cua Ge
16n hon cua Si.

Hinh 1. Cau triic tinh thé da dwoc t6i uu hoa cua don 16p Janus GeSiTe; v6i cac goc nhin khac nhau.
Hinh chit nhat mau den biéu dién 6 don vi.

Sau khi t6i uvu hoa ciu triic caa don 16p Janus
GeSiTe,, chung t6i nghién cuu do on dinh vé cau
trac dé danh gia kha nang ton tai trong thuc té
n6. O day, ching t6i sir dung moé phong dong hoc

phan tir nguyén 1y dau (AIMD) ¢ nhiét d6 phong
trong thoi gian 8 ps véi moi budce thoi gian 1a 1
fs. Két qua clia qua trinh mo phong dugc biéu
dién ¢ Hinh 2. Chiing ta thiy rang trong sudt thoi
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gian mo phong, ning luong toan phan ciia hé
GeSiTez chi dao dong nho véi bién do cd khoang
0.5 eV. Nhiét do cia h¢ dao dong xung quanh
gia tri nhi¢t 46 phong (7' = 300 K) va khong co
su thing giang bat thuong. Cudi qué trinh mo
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phong AIMD, ciu tric GeSiTe khong bi pha v
cling nhu khong xay ra su chuyén pha ciu truc.
Céc lién két héa hoc trong don 16p GeSiTe, van
bén viing. Didu nay chimg t6 rang don 16p Janus
GeSiTe; c6 d¢ 6n dinh nhiét tt.
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Hinh 2. Su phuy thudc ctia nhiét 6 va ning lwong toan phan vao thdi gian md phong AIMD.

Bén canh m6 phong AIMD, ching t6i tinh
toan nang luong cb két ctia GeSiTe, dé danh gia
d6 6n dinh ning luong ciing nhu d6 viing chic
cua cac lién két hoa hoc trong vat liéu. Nang
luong cd két duge xac dinh dua vao nang lugng
don nguyén tir va ning luong toan phan cta hé
theo biéu thirc sau:

_ Etor—(NGeEGe+NsiEsit+NTeETe)
Ecoh -
8

(D

trong d6 Ew 14 ning luong toan phan cta hé
Janus GeSiTez; Ege, Esi va ETe lan lugt 1a ndng
luong cua cac don nguyén tir Ge, Si va Te. O
day, 8 1a tong s6 nguyén tir Ge, Si va Te trong 6
don vi.

Két qua tinh toan nang luong cb két cho thay
don 16p Janus GeSiTe, ¢6 ning lugng cb két 1a
—4,21 eV/nguyén ta. Gia tri nay tuong duong
v6i nang luong cb két ciia don 16p Janus Si>STe
dugc bao cdo ¢ cong trinh trudec day (—4.85
eV/nguyén tir) [12]. Diéu nay thé hién rang ciu
trac Janus GeSiTe, 6n dinh vé mit ning luong
va céc lién két bén trong ciu tric 14 bén viing.
Dua theo biéu thirc (1), ning lugng cb két am co
nghia 13 cac lién két hoéa hoc trong don 16p
GeSiTe, 1a bén viing vé mit nang luong. Ning

luong cb két cang am thi cac lién két héa hoc
trong vat liéu cang bén vimg.

3.2. Tinh chit co hoc

Trong phan nay, chiing t6i xem xét cac tinh
chat co hoc ctia don 16p Janus GeSiTe: va khao
sat do bén co hoc cua vat lidu. Trude tién chung
toi tinh toan bén hé sé dan hdi Ci1, Cia, Ca2 va
Cs vi hé dang nghién ctru 13 hé hai chiéu. Cac hé
s6 dan hoi dugc tinh bang cach xac dinh cac gia
tri sy phu thudc ctia ning lugng bién dang vao
bién dang truc roi khop cac gi tri nay theo ham
béc hai. Két qua tinh toan cho thay don 16p Janus
GeSiTez ¢6 cac hé s6 dan hdi Ci1 = 43.06 N/m,
C12=-5.86 N/m, C22=59.79 N/m va Ces = 6.03
N/m. Tur cac gia tri dat dugc nay chung t61 nhan
thdy rang C;,C,, — CZ > 0va Cy; > 0. Hay noi
cach khac, don 16p Janus GeSiTe; dap tng ti€u
chuin Born-Huang vé d6 bén co hoc [20]. Mot
diéu dang cht ¥ & day can n6i dén 1a Ci2 nhan
gia tri am, diéu nay co thé dan dén céc tinh chat
co hoc ky la ma ching ta dang mong doi.

Mo dun Young va ti s6 Poisson 1a nhiing dai
luong co ban dic trung cho tinh chét co hoc cua
vat liéu. Dya vao cac hé s6 dan hoi Cy di tinh
duogc ¢ trén, chiung t61 khao sat sy phu thudc cia
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moé dun Young Yan(¢) va ti s6 Poisson P(¢) vao
huéng dang xét ¢ theo biéu thirc sau [21]:

611622 - C122

Yop(Q) =

Cy18in*@ + C,,cos*@ + Asin?@cos?@’

(2)

Cy1sin*@ + C,,cos*@ — Bsin?@cos? @

P(Q) =

Cy18in*@ + C,,cos*@ + Asin?@cos?@’

(3)

voi @ 1a goc duoce tao boi hudéng dang xét va truc x, con A = (C11Cyy — C2)/Cog — 2C15 VA

Su phu thudc ciia m6 dun Young Yap(@) vao
hudng dang xét ¢ dugc minh hoa bdi Hinh 3(a).
Vi don 16p Janus GeSiTe> c6 cu triic tinh thé
bat dang huéng nén ching ta dé dang thiy rang
d6 16n cua Yap(o) thay ddi theo gia tri cua ¢. Gia
tri cia mod dun Young cua Janus GeSiTe> dat cuc
dai theo hudng vudng goc véi truc x, cu thé 1a
Y2p(90°) = Y2p(270°) = 58.99 N/m. Trong khi do,
Yap ctia GeSiTez ¢6 gia tri nho nhit & goc 45°va
135% véi Yan(45°) = Yap(135%) = 18.95 N/m. So
sanh v&i graphene, chiing ta thdy rang gia tri Yap
cua graphene (341.60 N/m) [22] 16n hon ctia don
16p GeSiTez, co nghia 1a cau tric GeSiTe; linh
hoat hon va c6 thé chiu dugc bién dang mot cach
dé dang.

Hinh 3(b) mé ta su phu thudc cia ti sb
Poisson P(¢p) cua don 16p GeSiTe, vao hudng
dang xét. Tl hinh vé& ching ta thdy rd ring gia tri
ctia ti s6 Poisson P(¢) phu thudc 16n vao goc ¢.
bac tinh di hudng nay cling tuong tu nhu ctia mo

B = Cj; +Cyy — (611622 - C122)/Ca6-

dun Young do sy bat ding hudng trong cau tric
tinh thé ctia hé dang khao sat. Hau hét cac vat
liéu déu so hitu ti s6 Poisson duong, tuy nhién,
mot dac diém quan trong ma chiing toi quan sat
dugc ¢ day 1a don 16p Janus GeSiTez ¢o ti s6
Poisson am. Péc tinh co hoc di thuong nay thé
hién & ca hai huéng trong mat phang cia vat liéu,
doc theo truc x (¢ = 0°) va truc y (¢ = 90°) nhur
biéu dién trong Hinh 3(b). Két qua tinh toan
dugc cia ti s Poisson dbi voi don 16p Janus
GeSiTe; lan lugt bang —0.103 va —0.138 theo
tryc x va truc y. Cac gia tri nady cao hon nhiéu so
v6oi phosphorene (—0.027) [10] va borophane
(—0.053) [11]. Gia tri Poisson am trong don 16p
Janus GeSiTez ¢6 thé so sanh véi mot s6 vat ligu
c6 hi¢u Uing Poisson a&m l6n nhu don 16p SnSe
(-0.17) [23] va BesC (-0,16) [24]. V&i hé s6
Poisson am c6 gié tri 16n, don 16p Janus GeSiTe>
¢ trién vong tmg dung rat 16n trong linh vuc luu
trlt ndng luong cling nhu trong cac img dung
chdng va dap co hoc va dut giy.
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3.3. Tinh chit dién tiv

Trong phan nay, chung tdi s& trinh bay va
thao ludn mot cach chi tiét cac tinh chat dién tur
ctia don 16p Janus GeSiTe; trong phan nay. Pau
tién ching t6i khao sat ciu tric ving ning luong
ctia vat lidu vi n6 c¢6 thé cung cap nhiéu thong tin
vé dic tinh dién tu. Trong céc tinh toan dua trén
DFT, phuong phap PBE la mdt trong nhitng
phuong phap it ton kém va duogc sir dung rong
rdi dé nghién ctru tinh chat dién tir ciia vat lidu.
: AV

Ning lugng (eV)

Ti so0 Poisson
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Hinh 3. M6-dun Young (a) va ti s6 Poisson v& theo cac hé toa d khac nhau (b) ciia don 16p Janus GeSiTe,.

Do d6, trong bai bao nay ching téi su dung
phiém ham PBE dé khao sat cau triic viing ning
luong dién tir. Hinh 4 phan anh cau trac ving
nang lugng cua don 16p GeSiTe, dugc v€ doc
theo cac diém d6i xing cao ' — X -S—-Y - T
trong mién Brillouin. Ttr hinh v& chiing ta quan
sat dugc tai diém I c6 xay ra sy xen phii 1an nhau
gitra ving dan va vang hoa tri. Két qua nay chi
ra rang don 16p Janus GeSiTe, thé hién tinh kim
loai.
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Hinh 4. C4u tric ving ning lugng cua don 16p GeSiTe; theo phiém ham PBE.
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Dé danh gia dong gop ciia cac orbitan cua cac
nguyén tir 1én sy hinh thanh c4u tric nang luong,
chung t6i tinh toan mat d¢ trang thai riéng phan
(PDOS) cuia Janus GeSiTe; nhu biéu dién ¢ Hinh
5. Hinh 5 cho chung ta thdy rang, obitan p cia
nguyén tir Te ¢ vai trd dong gop chit yéu vao ca

ving héa tri va viing dan. Ngoai ra, ving hoa tri
va vung dan ciing dugc hinh thanh bdi mot phan
nho tir obitan p ctia Ge va Si. Riéng vung dan co

thém sy dong gdp nho cua obitan s tir nguyén tur
Ge va Si.

Néng lugng (eV)

2 0
PDOS (don vi bat ky)

Te-s — 1
Te-p —
Te-d —
15 0 3 6
PDOS (don vi bat k) PDOS (don vi bét ky)

Hinh 5. Mat d¢ trang thai riéng phan cua don 16p GeSiTe,.
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Hinh 6. Thé tinh dién cta don 16p Janus GeSiTe,. Ag 12 d6 chénh 1éch mirc chan khong giita hai bé mat.
Erla mirc nang lugng Fermi cua vat ligu.

Mot trong nhiing tinh chit dién tir quan trong
nita co thé ké dén 1a cong thoat dién tir. Pai
luong nay cho chiing ta biét ning luong t6i thiéu
can cung cap cho dién tir dé n6 thoat ra khoi bé
mat cua vat liéu. Cong thoat di¢n tor dugc xéc
dinh dya trén muc chan khong E.c va muc
Fermi Er theo biéu thitc ¢ = E,, — Ep. Cong
thoat dién tir co thé xac dinh dya trén viéc phan
tich thé tinh dién ctia vat li¢u. Hinh 5 m6 ta thé

tinh dién ctia don 16p Janus GeSiTer. Két qua
cua chung toi chi ra rﬁng ¢O su chénh 1éch muc
chan khong & hai mét ctia hé Janus, déng thoi
hinh dang cua thé tinh dién thé hién sy bat d6i
xtng theo phuong thiang dung. Diéu nay duoc
giai thich 1a do su phé v& ciu trac d6i xtng trong
don 16p Janus. Két qua tinh toan cho thiy do
chénh 1éch mtrc chan khong & hai mat cua hop
chat GeSiTez 12 0.14 eV. Muc Fermi cta Janus
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GeSiTe; duge xéac dinh 14 -0.75 eV. Do do6, cong
thoat dién tr & bé mat Te-Ge cta don 16p Janus
GeSiTez 1a 4.48 eV, 16n hon cong thoat dién tu
& bé mit Te-Si (4.34 eV). Phan tich nay chi ra
rang dién tir mudn thoat ra khoi mat Te—-Ge can
nhiéu nang lugng hon so v6i mat TeSi.

Nhu da dugce phan tich ¢ trén, don 16p Janus
GeSiTe: duoc tao thanh bai cac thanh phan khac
nhau. B am dién cua cac thanh phén nay khac
nhau gay ra mdt luong cuc dién vuong goc voi
bé mit vat lidu. Sy chénh léch vé do am dién
cang 16n thi ludng cuc dién nay cang 16n s€ co
tac dung phan tach cac cip dién tir - 16 tréng. Bén
canh do6, hién tuong nay ciing dan dén cong thoat
dién tir va thé tinh dién & hai bé mit cua hé Janus
s& khac nhau. Diéu nay khong xay ra ddi véi cac
vat liéu ¢o ciu trac ddi xung.

4. Két luan

Dua trén 1y thuyét phiém ham mat do, chung
t6i da khao sat do 6n dinh ciing cac dic trung cau
tric, tinh chat co hoc va dién tir cta don 16p
Janus GeSiTe,. Dua trén tinh toan bang md
phong dong hoc phén tir va nang luong cb két,
don 16p nay thé hién do 6n dinh cao ctia cau truc.
Két qua tinh toan tir cac hé sb dan hoi chi ra rang
don 16p GeSiTe, c6 dd bén co hoc tét. Pic biét,
chung t6i tim thay mét dic tinh co hoc di thuong
trong cdu tric nay do 1a ti s Poisson c6 gid tri
am kha cao. Phuong phap PBE chi ra rang
GeSiTe; thé hién tinh kim loai v&i su xen phu
gitta ving dan va ving hoa tri. Ngoai ra, két qua cho
thay rang dién tir mudn thoat ra khoi mat Te-Ge
can nhiéu ning lugng hon so véi mat TeSi.
Cubi ciing, phan tich PDOS chiing t6 rang obitan
p ctia nguyén tir Te ¢6 vai trd dong gop chu yéu
vao ca vung héa tri va ving dan.

Loi cam on: Nghién clru nay dugc tai trg boi
Truong Pai hoc Y - Dugc, Pai hoc Hué trong dé
tai ma s6 41/24.
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