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TOM TAT

Trong nghién citu nay, ly thuyet phiém ham mat do (DFT) duoc st
dung dé tién hanh toi wu cdu triic ciia cdc tam PdSe; (Palladium
diselenide) hai chiéu (2D p-PdSe;) véi don 16p va da I6p dang ngii
gide. Nang lwong lién két cia don 16p va nang heong hinh thanh
cua da lop dwoc tinh toan chi tiét va cho thdy mire dé on dinh tot.
Véi don 16p p-PdSe; nang lwong lién két la -23.53 eV, ndng leong
hinh thanh sau téi wu ciia hai l6p 6n dinh ¢ mirc -16.92 eV va ning
luwong hinh thanh cua ba Iop la -25.00 eV. Cdc khoang cach cua
da I6p ciing cho thay sw on dinh sau t6i wu la 3.912 A, két qua nay
pht hop véi khoang cach cdc lop 2D p-PdSe; ma cdac nhom thuc
nghiém boc tach dwoc. Piéu nay chi ra rang, hoan toan c6 thé tao
dige cde vt liéu khoi p-PdSe; tir cac tam 2D xép chong 1én nhau,
tién t6i thiét ké cac linh kién dién tir dwa trén cac tam 2D p-PdSe;.

Tir khod: Ly thuyét phiém ham mat do, on dinh cau tric, PdSe;
dang ngii giac, vdt liéu hai chiéu

ABSTRACT

In this research, the density functional theory (DFT) framework was
utilized to optimise the structures of two-dimensional (2D) pentagonal
palladium diselenide (p-PdSez) monolayers and multilayers. The
binding energy of monolayer and the formation energy of the
multilayer are calculated in detail and demonstrate good stability. For
monolayer 2D p-PdSe: the binding energy is -23.53 eV, while the
optimized formation energy of the bilayer is stable at -16.92 eV and -
25.00 eV for trilayer. The bond lengths also show significant changes
after optimization, with an increase in length observed in Pd-Se single
bonds. The interlayer distances also exhibit stability after optimization
at 3.912 A, consistent with the interlayer distances of 2D layers
experimentally exfoliated multilayers. This suggests the feasibility of
synthesizing block materials p-PdSe> from stacked 2D layers, paving
the way for designing electronic components based 2D p-PdSe: sheets.

Keywords: Density functional theory, pentagonal palladium
diselenide, two-dimensional, structure stability
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1. GIOI THIEU

Cung véi sy phat trién ciia cong nghé ban dan va
cac cu trac vat lidu thip chiéu, cac vét liéu hai chiéu
(2D) c6 cac budc phat trién nhanh chong
(Novoselov et al., 2016). Trong tit ca cac vat liéu
2D duwoc nghién ciru va tong hop thanh cong, 16p
kim loai chuyén tiép dichalcogenides (TMDs) dugc
dac biét chu trong va co nhiéu ung dung vdi cac dic
tinh vat Iy méi, nhu do rong ving cdm c6 thé thay
dbi, cac hiéu tmg vé spin,...(Wang et al., 2012). Mot
trong sd cac vat liéu trong nhém TMDs ndi bét phai
ké dén 1a PdSe, (Palladium diselenide) v6i cac dic
tinh cdu trac nhu do rong ving cim c6 thé thay doi
duoc, cac hi€u tmg tir va cac dac tinh quang hoc di
huéng da duoc tich hop thanh cong trén cac thiét b
dién tir va quang dién ti. (Puretzky et al., 2018; Tien
et al,, 2023). Vat liéu 2D PdSe; dang ngii giac (p-
PdSez) 6 két cau mang tryc giao va tinh dbi ximg
thip duogc biét dén 1a cau tric ngii giac dau tién trong
lop vét liéu TMDs (Sun et al.,2015). Do c6 tinh do6i
xing thap hon nhiéu so véi cac cau tric vong sau
nén cau truc 2D p-PdSe; c6 nhiéu dic tinh méi la
cho cac ung dung quang dién tir (Zeng et al.,2020).
Ngoai ra, cac cong trinh nghién ctru thyc nghiém
trén tim 2D p-PdSe, dang khiém khuyét, c6 thé diéu
chinh dugc céac déc tinh quang dién tir va xtc tac cua
16p vat liéu nay (Liang et al,.2020).

Céc cong trinh nghién ctru trong nude vé cac vat
liéu ban dan c6 chu trac vong nam, dic biét 1a p-
PdSe; da dugc cong bd cho théiy duoc cac dac tinh
dién tir va quang dién tir c6 thé dinh huéng img dung
dugce cho nganh cong nghé ban din (Tien at al.,
2022). Ngoai ra, cac hi¢u img hap phu phan tir hu’u
co cua p-PdSe; dang khiém khuyet cling vira dugc
cong bo (Tien at al., 2024), cho thiy dugc kha ning
ung dung trong cém bién khi va cam bién trong y
sinh. Gan day, vat liéu 2D p-PdSe; dugc boc tach
thanh cong thong qua phuong phap ling dong pha
hoi héa hoc (CVD), dugc nudi trén dé graphene
SiC(0001), do rong viung cim do dugc chinh xac
1.15 eV bang phuong phap epitaxy chim tia phan tr
(MBE). Céc tim 2D p-PdSe; béc tach dugc co
khoang cach cac 16p 1a 3.90 A (En Li et al., 2018).
Céc nghién ctru vé d6 6n dinh ciu trac ciia cac chim
luong tir, cac ddc tinh dién tir va quang dién tir cua
céc chdm lugng tir QD-PdSe; ciing cho thay su 6n
dinh va kha ning img dung ciia cdc mau chdm luong
tu nay (Thao etal., 2024). Tuy nhién, cac nghién ctru
vé cac thong sb 6n dinh cdu trac hai chleu cua p-
PdSe; da 16p 1am co s& cho nghién ciru, tong hop va
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giai thich cho thuc nghiém van con kha han ché. Vi
vay, do 6n dinh cAu trac cta cac tAm don 16p, da 16p
ctia vt liéu nay duoc nghién ciru nhim c6 co so dit
liéu ddy du dé lam tai liéu tham khao cho thuc
nghiém va tién toi nghién ctru sdu hon vé cac dic
tinh dién t&r va cac hi€u Grng méi cia 16p vat liéu 2D
p-PdSe;.
2. PHUONG PHAP NGHIEN CUU

Chung t6i xdy dyng cdu tric 2D p-PdSe; dang
ngil gidc don 16p, hai 16p (v6i khoang cach ban dau
thay d6i) va ba 16p, sau do tién hanh t&i uu cau tric
va khao sat sy 6n dinh céu trac. Céc tinh toan ti wu
cu truc bang cach st dung Iy thuyet phiém ham mat
do DFT, trong phép tinh gan dung GGA cua
Perdew-Burke-Ernzerhof (PBE), thé twong tac Van-
Der-Wgals Grimme cho DFT-D, dugc thuc hién péi
goi phan mém CASTEP vdi hé co s¢ song phang
(Stewart et al., 2009) trong di€u kién ludi k-point
Ix1x1 theo ba phuong x : y : z v6i nang lugng cut-
off 1a 600 eV. Ap ving chan khong 15 A theo
phuong x vubng goc v6i mét phang tam (Jifeng et
al., 2015) dé tranh tuong tac lam anh huong dén cac
cau tric toi uu.

3. KET QUA VA THAO LUAN

DAu tién chung t61 khao sat su én dinh cua cac
cu tric, nang lugng lién két £ 5 cta don 16p 2D p-
PdSe; sau toi vu duge xac dinh theo cong thirc sau
(Yuan et al., 2017):

E

vl ~ NpaEpg — N5 Eg, )

!

Npg + 1, .

trong d6 E;pq 14 ning luong tong cho 2D p-
PdSe, ma ta dang xét; Ep; , Es. 1an lugt 1a nang
luong riéng cia cac nguyén tir Pd va Se; npy, ng,
lan luot 1a s6 nguyén tir ciia Pd va Se.

Két qua cho thiy nang lugng lién két cia cac
mau 2D p-PdSe; la -23.53 eV. Két qua cing cho
thdy mau 6n dinh vé mit nhiét dong hoc. Diéu nay
chi ra dugc sy 6n dinh cua cac cau tric 2D p-PdSe;
v6i nang luong lién két & mirc kha thép.

Céc thong s6 vé do dai lién két trudce va sau ti
vu nhin chung c6 sy thay déi khong dang ké, thap
hon 2.5% so v&i cdu tric chua tdi wu, cac do dai lién
két co sy thay ddi 16n nhét phan bd déu khip bé mit
tam 2D ma chiing t6i khao sat.
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Hinh 1. Céu tric 2D p-PdSe: top view va side view v6i qua cAu mau xanh l4 dai dién cho nguyén tir Pd
va qua cau mau vang dai dién cho nguyén tir Se

trude toi wu & ca lién két don Pd-Se va lién két doi

Se-Se cho thay d6 vénh (buckling) cua cau triic sau

toi uu tang 1€n. Cac d6 dai lién két & cac mau don va

Chiéu dai lién két trung binh cta céc lién két Pd-
Se va lién két Se-Se & céc cau truc sau toi vu duoc
thong ké chi tiet trong Bang 1. Kt qua cho thay, cac

thm 2D sau t&i wu ¢ do dai lién két dai hon so voi ~ Mau ghép kha tuong dong nhau sau toi uu.
Bing 1. Gia tri trung binh ciia cac d9 dai lién két trudc va sau tdi wu ciia miu 2D p-PdSe:
; Mau Truée thi wu  Don 16p sau téi wu  Hailép sau téiwu  Ba 16p sau tdi vu
Lién ket
Pd-Se 2.438 2.450 2.451 2.447
Se-Se 2.328 2.359 2.357 2.361

Ghi chit: Chiéu dai diege tinh bang don vi A

khoang cach cua hai l6p ghép trung binh dugc tinh
toan duogc 1 3.912 A. Piéu nay phu hop véi két qua
thuc nghiém 13 3.9 A da dugc cong bd trude do (En
Lietal., 2018), tir d6 lam co s& dé tinh toan cac dic
tinh vat ly clia cac mau da 16p 2D p-PdSe,.

Vi sy 6n dinh céu trac cia tim 2D p-PdSe; don
16p, hai mau don 16p dugc tién hanh ghép xép chong
1én nhau, voi su tinh toan can than luc tuong tac
Van-Der-Waals va d6 vénh cua ciu trac (Gudelli,
at al., 2021). Khoang cach giira hai 16p duogc thay

d0i tir2.5-4.6 A, v6i mbdi budc thay di10.3 A.Cac ~ DExdc dinh o on dinh cAu triic cta ce mAu sau
goc nhin va khoang cach duoc thay déi trudce tdi uu toi vy, ndng luong hinh thanh ctia mau gom céc 16p
dugc minh hoa & Hinh 2 va Hinh 3. ghép duogc tinh toan véi cong thire (Qingqing et al.,
i 2022):
_Khoang cach sau toi uu cua hai 16p ghép ¢ cac )
mau dao dong tr 3.869-3.972 A (Hinh 4). Véi E = E g = NE s,

)

70


https://link.springer.com/article/10.1007/s12274-018-2090-0#auth-En-Li-Aff1
https://link.springer.com/article/10.1007/s12274-018-2090-0#auth-En-Li-Aff1

Tap chi Khoa hoc Pai hoc Can Tho Tap 60, S6 chuyén dé: Khoa hoc ti nhién (Toan-Ly) (2024): 68-74

Hinh 2. Ghép hai tim 2D p-PdSe: véi khoang cich 2.5 A. (top view va side view)

Hinh 3. Ghép hai tim 2D p-PdSe: véi khoang cich tir 2.8-4.6 A

v6i Efprm 12 ning luong hinh thanh cho méu
gh~ép 2D p-PdSez, Etotar 12 nang lugng tong cia
mau sau t0i uu, Epgge, 1a nang lugng cua 16p don
2D p-PdSe;, n 1a s6 16p ghép 1én nhau. Két qua
tinh toan cho thay cdc mau sau toi vu c6 mirc ning
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lugng hinh thanh trung binh vao khoang -16.92 eV.
Két qua tinh toan ning luong hinh thanh va khoéng
cach cua cac 16p sau téi wu duge téng hop trong
Béng 2. Tat ca cac khoang cach sau tdi uu cia cac
méu phit hop véi két qua thuc nghiém, miu c6 ning
lwong hinh thanh thip nhit 1a -17.00 eV diéu nay
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phin ndo chimg minh dugc cac két qua tir thuc
nghiém, 1am co sé tham khao cho cac nghién ciru
tiép theo va tong hop vat liéu 2D p-PdSe,. Tiép dén
mau c6 ning luong hinh thanh thip nhat 1a -17.00
eV duoc chon, voi khoang céach hai 16p trudce ti uu
123.7 A dé hinh thanh céu tric p-PdSe; ba 16p (Hinh
5). Két qua cho thay khoang cach sau t&i wu cia mau
ghép ba 16p kha 6n dinh va twong ddng vai hai 16p,
.4 & ] 4

&

¥ i
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v6i khoang cach hai 16p 1an luot 13 3.806 A va 3.840
A. Ning lugng hinh thanh dugc tinh todn theo cong
thirc (2) 1a -25.00 eV. Két qua vé khoang cich cua
cac 16p c6 do chénh 1éch rat nho, thé hién su 6n dinh
trong ciu trac va khong c¢6 su thay déi 16n so voi
mau ghép hai 16p, diéu nay 1a tin hiéu tot dé tiép can
duoc cAu trac khéi cua 16p vat liéu nay.

YT_.K
)

Hinh 5. Céu tric p-PdSe: ba 16p truée tdi wu (a) va sau khi t6i wu (b)
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Bang 2. Khoang cach sau tdi wu va niing lugng
hinh thanh cia l6p ghép 2D-PdSe:

Khoang caich Khodng cich  Nang luwgng
trudce tbi uwu sau tdi wu  hinh thanh Egm,
2.5 3.869 -16.82
2.8 3.897 -16.87
3.1 3.888 -16.95
3.4 3.939 -16.95
3.7 3.928 -17.00
4.0 3.905 -16.89
43 3.901 -16.88
4.6 3.972 -16.97

Ghi chi: Khoang cach dwoc tinh bang don vi A, nang
lwong hinh thanh dwoc tinh bang don vi eV

4. KET LUAN

Toém lai, trong nghién ctru nay, su 6n dinh ciu
tric cia don 1op va da 16p 2D p-PdSe; da dugce khao
sat. Cu thé, nang lwong lién két cia cua don 16p, cac
chiéu dai lién két trude va sau t6i uu, khoang cach
clia cac da 16p sau tbi wu va nang luong hinh thanh
cua cac 16p ghép da dugc tinh toan. Két qua cho
thiy, cu trac don 16p 2D p- -PdSe; c6 nang luong
lién két -23.53 eV, cho thdy su 6n dinh cau trac so
v6i cac cong bd trude d6. Cac mau ghép da 16p ciing
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