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ABSTRACT

By using DFT simulation method, we generate p-P,C-SS nanoribbon
sample from two-dimensional pentagonal p-P,C model. This nanoribbon
model has two sawtooth edges and their edge residual bonds are
neutralized by H atoms. Its viability is confirmed by phonon scattering
spectroscopy. Our result shows that the p-P,C-SS only exists if it is
composed by at least 10 atomic lines. Due to quantum confinement
effects, nanoribbon’s band gap is larger than that of 2D material, and its
spatial distribution of band edge states are also limited. P-P2C-SS model
is a type of semiconductor material with indirect energy gap and non-
magnetic.

TOM TAT

Bang phwong phdp mé phong DFT, diy nano P>C dang ngil gidc bién
rang cua (p- P,C-SS) duwoc tao ra bang cdach cdt tam p-P2C ngii gidc hai
chiéu. Pay la ddy nano ¢é hai bién dang rang cua va cdc lién két dw &
bién dwoc trung hoa boi cdc nguyén tir H. Kha néng ton tai ciia cdu triic
duge khdng dinh thong qua phé tan xa phonon. Két qud cho thay rang day
nano p-P,C-SS chi co thé ton tai khi né dwoc tao thanh t6i thiéu béi 10
day nguyén tir. Do anh hwong cia hiéu img giam cam lwong tir nén khe
nang heong ciia ddy nano lém hon so véi truong hop cia cdu tric hai
chiéu, va sw phan bé ciia cdc trang thai dién tir lan cdn mirc Fermi theo
khong gian trong ddy nano ciing bi gioi han. Mau p-P2C-SS la logi vit
liéu bén dan cé khe ndng leong gian tiép va khéng mang tir tinh.

1. GIOI THIEU

al., 2019; Liu et al., 2020). D¢ céi thi¢n va lam tang
kha nang diéu khién tinh chat dién tir ctia cac mau

Xuét phat tir sy bé tic trong viéc ung dung
Graphene vao transitor va cam bién khi, mot s6 mau
vat liéu ngii giac moi di dwoc dé xuit thong qua
phuong phap mé phong, ching han nhu Penta
graphene (PG) (Zhang et al., 2015; Zhuang, 2019),
Pentagonal silicene-dicarbide (p-SiC,;) (Lopez-
Bezanilla & Littlewood, 2015; Tang et al., 2020),
hay Penta-P,C (p-P.C) (Naseri et al., 2018; Sun et
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nay, cac nha khoa hoc da lan luot cét chung theo
nhiéu huéng khac nhau dé tao ra cac ddy nano co
nhiéu tinh chat dién tr moi la (Rajbanshi et al.,
2016; Li et al., 2018; Correa et al., 2020; ; Tien et
al., 2020; Mi et al., 2020; Mi et al., 2021). Tuy
nhién, cho dén hién tai thi vin chua c6 mot cong bd
nao cho théy su ton tai va cac dic trung dién tir cua
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day nano dugc cit ra tir p-P,C, day 1a co s¢ dé thuc
hién bai nghién ciru nay.

Cu thé, muc tiéu cia nghién ciru nay 1a mo
phong lai cau triic hai chiéu p-P.C va khang dinh sur
ton tai cia n6 bang pho tan xa phonon. Tiép theo,
moé hinh 2D duoc cét thanh cac ddy nano p-P,C-SS
¢6 d6 rong khac nhau, nhung ching c6 cing kiéu
bién ring cua, va cac lién két du ¢ cac bién déu dugc
trung hoa bang cac nguyén tir H. Sau d6, cac phé tan
xa phonon ciia cac ddy nano lan luot duoc khao sat,
két qua thu dwoc cho thiy diéu kién dé miu co thé
ton tai 1a chura tdi thiéu 10 day nguyén tir. Phan con
lai ctia qué trinh nghién ctru 14 so sanh tinh chat dién
to gitta p-P2C va p-P2C-SS. Thoéng qua viéc phan
tich ciu trac vung nang luong, su phan bd mat do
trang thai va sy phan b theo khong gian ciia cac
trang thai dién tur tai 1an can muc Fermi, két qua cho
thay rang do hiéu ing giam cam luong tir ma tinh
chat dién tur gitra hai loai vat liéu nay c6 su khac
nhau rd rét, cu thé 1a vé khe nang lugng va sy phan
bé trang thai dién tir trong khong gian. Pdng thoi,
nghién ctru nay cting chung to dugc rang p-P2C-SS
14 loai vat liéu ban dan c6 khe ning lugng gian tiép
va khong mang tur tinh.
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Hinh 1. Céu tric hinh hoc ciia p-P2C dwge nhin
theo phmmg vudng goc (a) va theo phuong song
song (b) véi bé mit ciia miu, (c) 1a phd tan xa
phonon

Cac qua Cau mau xdm va tim lan luet dai dién cho cdc
nguyén tir C va P. Méi 6 vudng mau dé gidi han mgt don
Vi Cdu triic ciia mé hinh. Puong ditt nét mau dé ¢ hinh
(c) dgi dién cho gid tri 0 cuia tan 6, véi I, X, va M la
cde diém doi ximng cao trong khéng gian ddo.

24

Tap 58, So chuyén d@é: Khoa hoc ty nhién (2022)(1): 23-28

2. PHUONG PHAP NGHIEN CUU

Nghién ctru nay duoc thuc hién bang phuong
phap moé phong DFT thong qua phan mém
Atomistix ToolKit (ATK) (phién ban 2017.1)
(Smidstrup et al., 2019). Mot s thong tin quan trong
vé chuong trinh mo phong bao gom: ning lwong
tuong quan trao ddi gitra cac electron duoc du doan
bang phiém ham GGA/PBE (Perdew et al.,1996); bo
co so plane wave; gia thé norm-conserving
pseudopotential (Oliveira & Nogueira, 2008); ludi
k-point Monkhorst-Pack (Monkhorst & Pack, 1976)
3 x 3% 1 (ddi voi p-P.C) va 1 x 1 x 27 (d6i véi p-
P,C-SS); diéu kién hoi tu dé cac hé dat trang thai can
bang dbi véi nang luong, luc, dd dich chuyén va ap
suét lan luogt 1a 10°® eV/atom, 0,02 eV/A, 0,001 A va
10 Gpa ddi véi p-P2C, va 108 eV/atom, 0,02 eV/A,
0,001 A va 2.10"2 Gpa ddi véi p-P,C-SS. Bén canh
d6, ving chan khong dugc dung cho cac mau theo
hudng vudng goc bé mat 1a khoang 21 A. Ngoai ra,
céu hinh dién tir spin ban dau duoc chon cho p-P,C-
SS dé khao st tir tinh cua hé.

3. KET QUA VA THAO LUAN

3.1. Céu tric hinh hoc ciia p-P2C va p-P.C-
SS

Bang phuong phap mo phong DFT, p-P,C ngii
gidc hai chidu dugc hinh thanh va trinh bay nhu
hHinh 1(a) theo gbéc nhin thang va Hinh 1(b) theo
goc nhin song song v6i bé mat cia mau. Mo hmh
nay thudc nhom ddi xang P-421m, véi cac hang s6
mang 1a a=b = 4,13 A. Mdi don vi ciu tric (dwoc
gidi han boi hinh vuéng mau do) c¢6 4 nguyén tir P
va 2 nguyén tir C, V&i cac chidu dai lién két vao
khoangP—-P=2,28 AvaC—-P=1,89 A (Sunetal.,
2019). Ngoai ra, hinh 1(b) cho thdy p-P.C duoc tao
thanh bai 2 16p ngoai cung chira cac nguyén tir P va
I6p giita con lai chi bao gom cac nguyén tir C, do d6
mau c6 do go ghé (khoang cach giira hai lop nguyén
tir ngoai cung) 1a khoang h = 2,29 A. Kha ning ton
tai ciia p-PoC duoc khang dinh théng qua phd tan xa
phonon, hHinh 1(c), véi bang chimg 1a khong ton tai
cac tan s6 am.

Tir mo hinh trén, p-P2C lan lugt dugc cat thanh
cac day nano p-P,C-SS. Cac day nay c6 cung dac
trung 1a bién rang cua (sawtooth-SS) va céc lién két
du tai bién dugc trung hoa bai cac nguyén tir H. Tuy
nhién, ching c¢6 chiéu rong (W) khac nhau, moi
chiéu rong duoc tinh bing tong sb day nguyén tu,
V&I moi day nguyén tr twong ung voi mot cap
nguyén tir P lién két nhau. Hinh 2(a), Hinh 2(b) va
Hinh 2(c) cho thiy cac ddy nano p-P,C-SS Véi cac
chiéu rong lan lugt 1a W =38, 9 va 10. Ddng thai, cac
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hinh nay ciing dai dién cho mot don vi cdu trac cia
mdi loai day nano twong ng. Quan sat cac AHiinh
2(a’), Hinh 2(b’) va Hinh 2(c’) lan luot 1a cac phd
tan xa phonon twong ng véi mdi day nano & AHinh
2(a), Hinh 2(b) va Hinh 2(c), ta d& dang nhan thiy
ring cac mau p-P,C-SS c6 bién W = 8 va 9 déu
khong c6 kha niang ton tai do di xuat hién céc tan sb
am, ngoai trir mau p-P,C-SS ¢c6 W = 10. Do d6, W
=10 duoc tin twong 1a chiéu rong téi thiéu dé co
duoc vat liéu p-PoC-SS. V& cac thong sé Ciu trac
ctia p-PoC-SS ¢6 W = 10, n6 ¢6 cac chiéu dai lién
két khong khac nhiéu so véi trudng hop cua p-P,C,
cuthélaP-P=227AvaC-P=188Avah=
2,30 A.
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Hinh 2. Céu tric hinh hoc ciia p-P2C-SS véi cac
dd rong lan lugt 1a W =8, (a), W =9, (b), W =
10, (c), véi cac pho tin xa phonon twong wng
dwgec trinh bay & hinh (a’), (b’) va (¢’)

Duong dirt nét mau do o cdc hinh (a’), (b’) va (c’) dai
dién cho gid tri 0 cia tan 6, Véi I'va Z la cdc diém doi
Xung cao trong khong gian dao.
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3.2. Tinh chat dién tir caa p-P.C-SS ¢6 W = 10

Dé thiy duoc anh huéng cua kich thude 1én tinh
chat dién tir cia mo hinh p-P,C-SS, lan luot cac ciu
tric vung nang luong, mat d trang thai va sy phan
bé theo khong gian cua cac trang thai dién tir 1an can
muc Fermi gitra mau ngii giac hai chiéu p-P.C va
diy nano ngii giac p-P2C-SS c6 W = 10 (tir day vé
sau, p-P,C-SS ¢6 W = 10 dugc goi la p-P.C-SS)
dugc so sanh v6i nhau. Pau tién, hHinh 3 cho thay
su khac biét vé gia tri khe ning luong giita trudng
hop p-P2C, hHinh 3(a), c6 gia tri vao c& Eq = 1,89
eV va truong hop cta p-P2C-SS, hHinh 3(b), c6 gia
tri vao ¢ Eq = 2,10 eV, mic du chung van la loai
ban dan c6 khe ning luong gian tiép, didu nay hoan
toan phu hop voi quy luat chung vé méi quan hé
gitra kich thuéc va khe nang lugng cua vat liéu nano
ndi chung (Rajbanshi et al., 2016). Ngoai ra, hHinh
3(b) con cho thiy p-P,C-SS la loai vat liéu khong
mang tir tinh do ¢6 su trung lip hoan toan giita hai
ciu triic ving nang lwong tuong wng vai hai cau
hinh spin, ddy 12 mot wu diém dic biét gitip ché tao
cac loai linh kién dién t&r dya vao p-P.C-SS ma
khong bi danh hudng cua tir truong.

MNing hrgmg (2V)

(b)

{eV)

P-P2C-88, W = 10, spin up
PP5C-88, W
E =210V

10, spin down

Ning lugmg
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Hinh 3. Céu tric ving ning lweng caa (a) p-P2C
va (b) p-P2C-SS ¢c6 W =10

Cac dwong cong mau xanh dwong va mau tim trong hinh
(b) twong 1ng V4i hai trang thai spin ciia mau p-P2C-SS.
Cdc chit I, X, M va Z la cdc diém déi ximg cao trong
khong gian dao.
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Hinh 4 cho thiy sy phan bd céc trang thai dién
tur tai cAc murc nang luong 1an cdn muc Fermi cua ca
hai m6 hHinh p-P,C, hHinh 4(a), va p-P.C-SS,
hHinh 4(b). Do hiéu ing giam cam lugng tir dién ra
manh mé& & ciu tric day nén c6 sy khac biét vé dd
thi DOS gilta hai hinh 4(a) va 4(b). Nhin chung,
trang thai dién tir tng v6i quy dao p cla cac nguyén
tar P luén doéng vai tro chu dao cho tinh chét dién tir
cuia cac mau. Do d6, chinh loai trang thai dién tir nay
ciing chiu sy thay ddi I6n khi c6 sy ting cuong cua
hiéu ng giam cam lwong tir, va sy thay doi nay da
tao ra su khac biét vé khe nang luong gitra p-P.C va
p-P,C-SS. Pay ciing 12 xu thé chung cua cac loai vat
liéu ngii gidc khi chuyén tir cu trac hai chiéu sang
ciu tric ddy nano, trong khi thi ty dong gop cua cac
loai trang thai dién tir khong doi, thi chi xay ra sw
thay d6i & mirc ning lwong ma mdi trang thai dong
gop, tir 46 1am thay doi gié tri khe nang lugng.
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Hinh 4: Sy phin b mat d9 trang thai cia (a) p-
P2C va (b) p-P2C-SS ¢c6 W =10

Cudi cung, viée so sanh sy phan b theo khong
gian cua cac trang thai dién tr 1an cdn muac Fermi
giita mau p-P,C, hHinh 5(a) va Hinh 5(c), va p-P.C-
SS, kHinh 5(b) va Hinh 5(d), dwoc thuc hién, cac
qua bong mau xanh durong va mau xanh luc lan luot
dai dién cho cac quy dao twong tng Vvéi trang thai
dién tu ngay dudi mac Fermi (VBM- Valence Band
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Maximum, mirc ning luong cao nhat trong ving hoa
tri) va ngay trén mac Fermi (CBM- Conduction
Band Minimum, mtc ning luong thap nhit trong
viing dan) caa méi mau. Hinh 5(b) va Hinh 5(d) cho
thdy su phan b trang thai theo khong gian nay bi
gidi han tai hai bién cua mo hinh p-P,C-SS, trong
khi chung ludn trai déu trén toan khong gian ctia mo
hinh hai chiéu. Day 4 tinh chat ndi bat cia nhom vat
liéu ddy nano ngii giac p-P2C-SS s0 v&i mot s6 nhom
con lai, nhu cta penta-graphene nanoribbon bién
rang cua (PGNR-SS) (Rajbanshi et al., 2016), hay
penta-sicicene dicarbide bién rang cua (p-SiC,-SS)
(Mi et al., 2021). Piéu nay cho thiy kha ning hip
thu c6 chon loc cta p-P2C-SS ndi chung.

(a) VBM
SIS0
AR |

(b)

Hinh 5. Phén bo theo khéng gian ciia cac trang
thai dién tir 1an can mirc Fermi

(a) va (b) cho thdy sw phdn bé trang thdi dién tir ngay
dudi mirc Fermi (VBM- Valence Band Maximum, mizc
néang hrong cao nhdt trong vimg héa tri), (c) va (d) cho
thdy su phdn bé trang thdi dién tir ngay trén mikc Fermi
(CBM- Conduction Band Minimum, mizc nang lwong
thap nhat trong viing dan)
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4. KET LUAN

Thoéng qua phuong phap mo phong DFT, mo
hinh ngii gi4c hai chiéu p-P,C c6 cac thong s kich
thudc va tinh chat dién tir pht hop véi cac két qua
nghién ciu trude do da duoc xay dung. Tu day, p-
P,C duoc cit theo hudng pht hop dé tao nén cac hiy
nano ngil giac p-P2C-SS co6 cung bién rang cua, co
cac lien két du tai bién duoc trung hoa bdi cac
nguyén tr H nhung véi cac do rong khac nhau. Viéc
phan tich phé tin xa phonon ciia cac ddy nano, cho
thidy mot trong cac diéu kién dé loai vat liéu day
nano p-P,C-SS ton tai 1a d6 rong tdi thiéu phai bang
10 diy nguyén tir. Tiép tuc so sanh va phan tich tinh
chat dién tir gitra p-P»C va p-P,C-SS cho thy rang
chting van 14 loai vat liéu ban dan co khe ning lugng
gian tiép, nhung do rong khe di ting 1én khi mau
chuyén tir cdu tric hai chidu sang cau trac day. Dac
biét, két qua nghién ctru chi ra rang p-P,C-SS 14 loai
ban din khong mang tir tinh, diéu ndy tao nén mot
loi thé to Ion cho viéc ché tao cac linh kién dién tir
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