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TOM TAT

Trong nghién cieu nay, cdu tric armchair graphene don [op
nanoribbons (AGNRs) duwdi anh huong ciia khuyét va tdi cau triic tao
thanh vong 5-9 dwoc dwa vao tinh todn. Phuong phdp gan diing lién két
manh (TB) duwoc sir dung dé khao sdt cdu triic vimg ndng lwong ciia vit
liéu khi khong co va co su xudt hién cua dién trvong ngoai. Bén canh
do, bai toan nhiét dién ciing dwoc thuc hién dya trén phwong phdp ludn
ham Green. Két qua khao sat véi M = 15 cho thay rang, do rong vung
cam cua vt liéu dwoc chia thanh hai vimg cam con nam quanh mic
Fermi. Tity thudc vao cdc vi tri khuyét khac nhau, do rong ving cam sé
thay doi. Pdc biét, dudi tic dong cua dién truong song song, dd rong
viung cam ciia vt liéu duoc diéu khién, dén dén su thay déi mar do trang
thai (DOS) va hé 56 Seebeck S cia vt liéu. Nhu vay, su két hop cua
khuyét va dién truong ngodi mang nhiéu tiém ndng dé dwa vit liéu
graphene hudéng dén nhiing img dung trong tuwong lai.

Tir khod: Armchair graphene don l6p nanoribbons, cdu fric vung
nang luong, hé so Seebeck, phwong phdap gan dung lién ket manh

ABSTRACT

In this study, the monolayer graphene nanoribbons (AGNRs) under the
influence of vacancy and reconstruction to form a 5-9 ring were
calculated. The Tight binding (TB) method is used to investigate the
energy bands of the material without and with the presence of an external
electric field. Besides, the thermoelectric based on Green’s function
Jformalism is also examined. The results with M = 15 show that the band
gap of the material is divided into two gaps located around the Fermi
level. Depending on the different defect positions, the gap size is going to
change. In particular, under the influence of the transverse electric field,
the band gap of the material is controlled, leading to a change in density
of states (DOS) and Seebeck coefficient S of the material. Therefore, the
combination of defects and external electric fields has great potential to
lead graphene materials toward future applications.

Keywords: Monolayer armchair graphene nanoribbons, band
structure, Seebeck coefficient, tight binding model
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1. GIOI THIEU

Véi nhitng tinh chét dac biét ctia minh, cac vat
liéu carbon da va dang thu hat sy quan tam dac biét
cua cac nha khoa hoc, htra hen déng gop moét vai tro
quan trong trong tmg dung thyc té cta linh vuc dién
tlr - ban dan trong twong lai. Cac nghién ctu trudc
day da chi ra rang cdu tric 2D hexagonal graphene
don 16p c6 nhiéu tinh chit wu viét nhu: vat lidu
mong, trong sudt, d6 linh dong dién tir cao, phd hap
thu quang hoc dic biét don gian, cau tric dién tir doc
dao, ... (Zhang et al., 2005; Morozov et al., 2008;
Meric et al., 2008; Du et al., 2008; Nair et al., 2008;
Mak et al., 2008; Sheehy et al., 2009) va cod tiém
nang rét 16n trong viéc tré thanh trung tdm cho su
phat trién cia khoa hoc trong twong lai. Trong do,
cong nghiép ban dan — transistor va cong nghiép
nhiét dién 13 hai trong céac linh vuc dang rat can va
mong doi Gng dung boi vat li¢u tiém nang nay. Tuy
nhién, dbi véi hexagonal graphene don 16p, d6 rong
ving cdm gan bang khéng (Liu et al., 2009;
Novoselov et al., 2012) dan dén viéc phat trién cac
thiét bi dién tir dua trén vt liéu nay gap nhiéu han
ché. Cac linh kién ché tao tir vat lidu nay s€ hoat
ddng kém hiéu qua véi viéc diéu khién dong on/off
cua vat liéu. Do do, néu nhu viéc khic phuc han ché
cua vt liéu nay thanh cong, tirc 1a thanh cong trong
viéc mo d6 rong vung cAm cua vt liéu, thi viéc khao
sat dic trung dan va céc tinh chét khac nhau cua vét
liéu dé dwa chung vao tmg dung 14 hoan toan thuan
loi. Vi véy, cac nghién ctru da duogc tién hanh voi
cac phuong phap khac nhau nhim mo rong vung
cAm cua vat liéu, nhu cit tim graphene thanh céu
trac mot chiéu (Melinda et al., 2007; Chen et al.,
2007; Stampfe et al., 2009), st’r dung mot vai 1('7p
graphene (Ohta et al., 2006; Wang et al., 2016), pha
tap (Zanella et al., 2008), sir dung dién truong (Yu
et al., 2009; Vu et al., 2016; Vu et al., 2017; Vu et
al., 2018) hodc bién dang co hoc (Ni et al., 2008),...
bac biét, viéc st dung khuyét cling dugc dua vao st
dung nhu tac nhén kich thich dé diéu khién trang thai
dan cua vat lidu (Topsakal et al., 2008; Sukhbir et
al., 2020; Sahan et al., 2020). Tuy nhién, cac nghién
ctru vé linh vyc nay chu y€u dya trén phuong phap
DFT véi viéc t6i wu thong qua cic phan mém
chuyén dung dién hinh nhu Atomistix ToolKit
(ATK) va Vienna ab initio simulation package
(VASP). Vi¢e khao sat tinh chat dién tur cua vat liéu
thong qua phuong phap gin dung lién két manh
duong nhu con kha khiém tén. Do d6, véi mong
mubn gop phan hoan thién hon birc tranh vé tinh
chit cuia vat liéu méi nay bang viéc st dung phuong
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phap gan dung lién két manh, dong thoi _dé Xuét mot
phwong phap méi trong viée lwa chon dé didu khién
d6 rong ving cAm cua vat liéu, nghién ciru hudng
dén khao sat tinh chit dién tir cia graphene
nanoribbons dudi anh huong dong thoi cia khuyét
va dién truong ngoai.

Cu thé, trong nghién ciru ndy, phuong phap gan
dung lién két manh dugc sir dung dé tinh toan va xay
dung mé hinh khao sat cdu tric ving ning luong cua
vt li¢u trong diéu kién khuyet va c0 tai cau tric tao
thanh vong 5-9. Dong thoi, két qua nghién ctru trude
d6 ctia Sahan et al. (2020) dugc so sanh véi két qua
thu dugc dé khang dinh tinh dung dén ctia mo hinh,
cling nhu tr d6 dua ra by tham s6 cAu truc cua vat
liéu cho truong hop nay. Bén canh d6, bo tham sb
dugc sir dung dé phat trién tinh toan, khao sat anh
hudng cta cac vi tri khuyét khac nhau 1én dic trung
dan cia vat liéu; dong thoi két hop véi dién trudng
ngoai dé cho thdy anh hudong dong thoi ciia khuyét
va dién trudng ngoai 1én tinh chit dién tir va nhiét
dién cua vat liéu, tir 46 dua ra nhitng dy doan vé kha
nang ung dung vat li¢u trong tuwong lai dudi tdc nhan
cua kich thich ngoai.

2. MO HINH VA PHUONG PHAP TiNH
TOAN
2.1. Mo hinh

Trong mo hinh khuyét mot nguyén tir va
khong téi cau tric, tim AGNRs duoc chia thanh cac
6 v6i do dai tAm ribbons 1a W=17.217 nm va dugc
quy udc cac tham sé twong tac nhu thé hién trén hinh
1(a). Cu thé, ning luong tuong tic trong mé hinh
nay bao gdm ning luong ¢ 1a twong tac giita 2
nguyén tir gin nhau nhét va trong tic méi dwoc hinh
thanh gitra hai nguyén tir thang hang 14 #”. Dya trén
phuong phap gan ding lién két manh, mé hinh tinh
toan dugc xay dung theo 3 6 lan can nhau. B6 1a 6
(0) va 6 lan can trai /phai 1a (-1)/(1). Trong d6, mdi
6 gobm 12 zigzag line thanh phan. Tién hanh tuong
tu dé xay dung mo hinh cho truong hop khuyét mot
nguyén tir va cé tai cdu tric tao thanh vong 5-9. Cac
nang lugng tuong tac mai hinh thanh duge dat la ¢,
t>, 13, va t4, thé hién trén Hinh 1(a). Ngoai ra, mo hinh
tac dong cua dién truong song song 1én tim AGNRs
ciing dwoc xdy dung, nhu thé hién trén hinh 1(b).
Trong nghién ciru nay, cac vi tri sai hong xay ra tai
zigzag line thtr 6 1an lugt v6i cac nguyén tir ¢6 vi tri
tuong tng s& duoc tap trung khao sat nhu dugc thé
hién trong Hinh 1(c).
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Hinh 1. M hinh tinh toan va cac tham s twong tic cia cAu tric AGNRs cho céc tru’(‘)’ng hop: (a)
khuyét mot nguyén tir khong tai cAu truc va khuyét mot nguyén ti co tai cAu truc, (b) m6 hinh tac
dong cuaa dién trwong song song lén tAm vat li€u; (c) vi tri cac nguyén ti theo chiéu rong ribbons va

khoang cach tir goc toa do dén vi tri twong @ng.

2.2. Phuong phip tinh toin Ui tong ning luong ciia nguyén tir & vi tri thi ;,
bao gém ning luong nodi tai ciia nguyén tir va thé
nhiéu loan. Ning lu‘(yng ndi tai clia cac nguyén tu
sét cAu triic viing nang luong cia AGNRSs, khi do, carbon dugc chon bang 0, nang luong tai vi tri i s&
cAu trac vung ning luong cua vt lidu duogc tinh toan duoc biéu dien boi nang luong do dién truong song
dua trén biéu thirc (1) (Cresti et al., 2008): song gdy ra theo ting vi tri twong ung: U, =—el,
H:ZUi|i><|_Zty|>< | (1) voi ViZ—V /2+E//y Vlédiénthésongsong,
- E)la tong gia tri dién truong song song, y; la khoang
. cach tir goc toa do dén nguyén tir th i (theo phuong
Trong do: y) duoc biéu dién trong Hinh 1(c) va co gia tri trong

ung trong Bang 1.

Phuong phép gan dung lién két manh dudi dang
ma tran dugc su dung dé xay dung mo hinh va khao

= f; nang luong tuong tac gitta nguyén tir thir
i va nguyén tir tha ;.
a3
2
i 1 2 3 4 5 6 M
y(@) Oy yg 2 3y A Sw . (M —1) v,

Bing 1. Khoang cach tir gbc toa dd dén nguyén tir thir i, véi y, =

Bén canh d0, bai toan nhiét dién cflng duoc thuc
hién dya trén ham Green khong can bang, khi d6 h¢
s0 S cua vat li¢u trng véi thé hda hoc 1 va nhiét d6
T dugc tinh toan dya theo (D’Agosta, 2013) (3):

Phd mat do trang thai cta vat liéu dugc tinh toan
dwa trén phuong phap ludn ham Green (Data, 2005),
cu thé nhu sau:

v6i G=[(E+in)I-H]'
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1 L(uT)

S(,u,T)—E.—LO (,u,T)
L () =2 [ ae (£). (£ uy 2ET)
(3)

Trong 6, T.(E) 12 hé s6 truyén qua cua electron,
duoc dinh nghia dya trén hinh thic luan ham Green
(Lewenkopf et al., 2013; Data, 2005):

T, (E)=trace(I",G,I;G,)
Ly =1 (2L<R> ‘ZRu))
Gy =[E-H, -5, -%,]

(4)

()
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r Ok ham twong tac bé mat giita cong cuc

trai (phai) va ving hoat dong cua thiét bi.
=  Gp: ham Green vung hoat dong cuia thiét bi.

* £ (E, uT):ham phan b Fermi-Dirac.

3. KET QUA VA THAO LUAN

3.1. Khaio sat cAu tric ving ning lwong cua
AGNRs véi danh huéng cia khuyét mét
nguyén tir

Dé cho thiy anh huéng ciia khuyét mot nguyén
tir 1én cdu truc ving ning lugng cia AGNRs, tinh
toan dugc thyc hién cho hai truong hop: (i) khuyét
mdt nguyén tir va khong co tai cu tric; (ii) khuyét
mot nguyén tir va c6 tai cu triic dé tao thanh vong
5-9, két qua dugc thé hién cy thé trén Hinh 2.

{©)

2.0

L5

E-E,.(eV)

k

X
k

Hinh 2. Cf'lu,tl'l'lc vung néng lugng cia AGNRs trong cic trudng hop: (a) md hinh hoan hao; (b) md
hinh khuyét mgt nguyén tir, (c) md hinh khuyét mgt nguyén tir va tai cau tric tao thanh vong 5-9
(dwong mau xanh), két qua nghién ciru truwéc (Sahan et al., 2020) (dwong mau dé).

Trén Hinh 2(a), khao sat cdu trac ving ning
lugng cuia AGNRs v6i d6 rong ribbons ung voi M =
15, thu duogc do rong vung cam cua vat liéu Eeip=
543.6 meV, chimg t6 voi M = 15, vat liéu thé hién
tinh chit ban dan — dién méi, diéu nay hoan toan phu
hop v6i nhitng nghién ctu trude d6 (Duong et al.,
2021). Du6i anh huong cua khuyét mot nguyén tir,
dd rong vung cAm cua vat liéu dugc tach ra thanh
hai ving cdm nho, ndm gan mirc ning lugng Fermi,
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nhu thé hién trén Hinh 2(b). Két qua thu dwoc tuong
tu cho trudng hop khuyét mot nguyén tir va tai cau
tric tao thanh vong 5-9, thé hién trén Hinh 2(c). So
sanh d6 rong ving cAm ctia mé hinh hoan hao va cac
md hinh khuyét, thé hién trén bang 2, d rong ving
cAm cia AGNRs d3 duoc thu hep lai dudi sy xuét
hién cua khuyét, du doan kha nang diéu khién trang
thai dan cua vat lidu véi tac nhan 1a khuyét nguyén
tu.



Tap chi Khoa hoc Pai hoc Can Tho Tép 60, Sé chuyén de: Khoa hoc tir nhién (Toan-Ly) (2024): 185-193

Bing 2. Pj rong ving cim ciia AGNRs khi khio sat M = 15 véi cac trueong hop khac nhau

Mé hinh M hinh khuyét Mb hinh khuyet Két qua nghién ciru trude d6 cia mod hinh

Egap hoan hio  m{t nguyén tir __ va tai ciiu tric khuyét va ti ciu tric (Sahan et al., 2020)

Eq; (meV) 5436 481.6 532.7 505.1

Eq (meV) ' 481.6 452.2 474.7

_ Dic biét, két qua thu duoc 6 md hinh tai chu tric Bing 3. Tham s0 cau tric sit dung cho md hinh
gin nhu trong dong véi nghién ciru trude do cua AGNRs khuyet va tai cau tric tgo thanh
Sahan et al., (2020). Do d6, md hinh d xdy dyng va vong 5-9
dqa ra b tham so6 cau ,tI‘l:lC (jé st dung tinh toan gho to t1 t2 t3 ts
cau tric AGNRs khuyét, thé hién trén bang 3. Pong 245 -0.65 1%t 1*#t, 1%t

thoi, theo nhiing nghién ctu trudc d6, mo hinh

khuyét mot nguyén tir va khong tai ciu tric ton tai

khong bén, do dé, & nhitng phan sau, nghién ctru s&

thuce hién khao sat cho truong hop tai cau tric va tao V6i sy xudt hién cia khuyét mot nguyén tir va

thanh vong 5-9. tao thanh vong 5-9, cdu tric ving niang luong cla
AGNRs d c6 sy thay doi dang ké & quanh mirc ning
luong Fermi. Do d6, dé thay rd hon anh hudng cua
ting vi tri khuyét khac nhau 1én c4u trac ving ning
luong cling nhu tinh chét dién tur cua vat lidu, cac vi
tri khuyét khac nhau duoc tién hanh khao sat 1a VC
=3,4,5,6,7,8, tng voi 6 dai ribbons M = 15. Két
qué thu dugc thé hién trén hinh 3.

(a) VC=8§ (b) vC=7 )] VC=6

3.2. An,h hwéng ciia cac vi tri Khuyét 1én tinh
chat dién tir cia AGNRs

20 20 20 —
L5 5 15 L5 = =t
10 N 10 10 A‘\ e
- -
z as =~ 0.5 £ 0s Les
;:I:‘; 0.0 e f—— ;ql:, 0.0 e ;;;; 00 == =
R ) e R Nows _\Iﬁ— Moos \';7—
10 % 3 B e ——— W
15 . ; 15 % -5 ——— ‘?
2.0 -2.0 = 2.0 %
' X pos r . X Dpos '« X Dbos
d = + 5 -
(d) 20 VECE > © 20 vC=4 M 20 A
[ ﬁ.ﬁs_ 15 ; LS =
X = Eilsw =
1.0 e 1.0 - 1.0
- = 8
E 05 ’-L % 0.5 5% E 0.5 S
e T oo f————— = 0o
g — s - g
s———— =3 —\f =
05— S 0.5 L 0 ?
10 é? oy T Lo e
=240 =20 =24

'« X opos r  « X Dpos r . X pos

Hinh 3. Céu tric vung néng lweng (dwdng mau xanh) va DOS (duwdng mau d6) ciia AGNRs irng vi
cac vi tri khuyét khac nhau la VC =8, 7, 6, 5, 4, 3, irng vdi (a), (b), (c), (d), (), (f).

Khao sat anh huéng cua cac vi tri khuyét khac d6i 16 rang & cac vi tri khuyét khac nhau. Cu thé 13,
nhau, két qua cho thay rang dang clia cdc mirc ning v6i d6 rong ribbons M = 15, tai vi tri khuyét trung
lwong trong cdu tric ving cua vat lidu duong nhu tam, img v6i VC = 8, d6 rong ving cam thu dugc la
khong thay ddi khi ta thay doi cac vi tri khuyét. Tuy 16n nhat, tng voi cac gid tri Egqpr Va Egqp 12 532.7
nhién, d¢ rong ving cAm Egups va Egqpr 6 su thay meV va 452.2 meV, nhu thé hién trén Hinh 3(c).
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Trong khi d6, do rong ving cAm thu duoc tai vi tri
VC = 3 la nhé nhat, ing véi gia tri 439.1 meV va
140.6 meV clia Egqpr va Egqpo, thé hién trén Hinh 3(f).
Nhu vay, két qua trén di chi ra rang, ddi véi tim
AGNRs c¢6 d¢ dai ribbons twong Gng voi M = 15 thi
anh huong cta khuyét tai vi trf tim tAm ribbons 1a it
nhit, cang ra gan bién thi anh huong cia khuyét
cang manh mé&. Bén canh d9, trén Hinh 3(a) va 3(f),
két qua khao sat DOS ciing cho thay rang, tai murc
ning luong Fermi mg v&i vi tri khuyét tai bién thi
dién tir tap trung cao nhat, tmg véi vi tri khuyét trung
tam thi dién tu tép trung it nhit. Diéu nay c6 nghia
rang v&i vi tri khuyét tai bién, kha nang chuyén doi
trang thai cua vat li¢u s€ thuén lgi hon so voi céc vi
tri khuyét khac, va kha nang chuyén trang thai cua
vat liéu xay ra kho nhét khi ta dat vi tri khuyét &
trung tim cuia tAm ribbons.

Bén canh d6, khi khao sat cac vi tri khuyét khac
nhau, ta nhan thiy rang cu trac ving va tinh chét
dién tir ciia vat lidu c6 xu huéng thay doi theo chu
ky 3p (v6i p 12 s6 nguyén). Cu thé 1a sy thay d6i dién

Tép 60, Sé chuyén de: Khoa hoc tir nhién (Toan-Ly) (2024): 185-193

ra gan nhu giéng nhau tai cac cap vi tri khuyét VC
=8 va VC =5, tuong ting v¢i Hinh 3(a) - 3(d); tai
vitri VC =7 va VC =4, ung v6i Hinh 3(b) - 3(e) va
tai vi tri VC = 6 va VC = 3, ing v6i Hinh 3(c) - 3(f).
Do d6, dé khao sat anh huong ddng thoi cua khuyét
va dién trudng ngoai 1én sy thay dbi trang thai dan
cua vat liéu, 3 dai dién Gng v6i 3 nhom khuyét duoc
tién hanh khao sat1a VC =8, VC =7 va VC = 6. Két
qua thu dugc thé hién trén Hinh 4.
3.3. Anh huéng dong thoi ciia khuyét va di¢n
trudong ngoai lén tinh chit dién tir caa
AGNRs

Hinh 4 dwa ra birc tranh day du vé sy thay doi
trong cAu trac vung, tinh chét dién ta va do rong
ving cam ciia vat liéu dudi sy anh huong dong thoi
ctia khuyét va dién truong ngoai. Cu thé 1a ¢ Hinh
4(a) — (c) thé hién cau tric ving ning lugng va DOS
ctia AGNRs tmg véi cac vi tri khuyét khac nhau tai
V,=0.5 V; Hinh 4(d) — (f) cho thiy anh huéng cua
cac gia tri dién thé ¥, khac nhau 1én do rong ving
cim ciia vat ligu.

(a) VC=8,Vs=05V (b) VC=7,Vs=05V ©) VC= 6 VS*OSV
3 3 3
o il o
= = R
(d) (e) ()
05 05
S o S 04 S04
< 2 <
Lnao.s F-‘JE 02 Fﬂa 02
02 02 02
01 0.1 0.1
0

0 0.5 1 -1 -0.5 0 0.5 1

Vs(V) Vs (V)

Hinh 4. Ciu tric vung nz'}ng lwgng (duwdng mau xanh) va DOS (dwong mau dd) cia AGNRs voi Vs =
0.5V tai cac vi tri Khuyét khac nhau VC =8, VC =7 va VC = 6 trng v6i cac hinh (a) — (¢); D) rong
vung cam dugc v€ nhu ham cia cac gia tri Vs ng v6i cac vi tri khuyét twong wng (d) — (f).
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Két qua trén hinh 4(a) — (c) cho thiy rang véi su
xudt hién cia dién truong ngoai, do rong vung cAm
clia vat liéu dugc thay doi mot cach manh mé, tiy
theo céc vi tri khuyét khac nhau. Trong d6, khao sat
v6i ¥, = 0.5 V tng véi vi tri khuyét 1a VC = 8, cac
d6 rong ving cAm Egyp; Vi Egqp giam con 528.0
meV va 431.2 meV. Tuy nhién, két qua thu dwoc la
khac cho vi tri khuyét VC =7 va VC = 6. Cy thé 1a
dudi tac dung cua dién truong ngoai, ddi véi vi tri
khuyét VC = 7, d6 rong viing cAm Eg,,; 12 ting con
Egap2 12 giam so v6i khi chua ap truong. Diéu ngugc
lai xay ra cho truong hop cua khuyét tai vi tri VC =
6. Két qua mot lan nita cho thay rang thay doi trong
trang thai din ciia mo hinh khuyét 1a khong giong
nhau tai cac vi tri khuyet khac nhau, dong thoi su
thay d6i nay sé tuan theo quy luat 3p nhu di dugc
dé cap trudc do.

bic biét, khi khao sat @6 rong vung cAm cua vat
lidu tmg v6i cac vi tri khuyét va cac gia tri khac nhau
ctia dién thé V;, két qua thu duogc 1a hoan toan thi vi.
Trong d6, tai vi tri khuyét trung tam, mg véi VC =
8, dién truong song song s€ co tac dung thu hep do
rong vung cAm cua vat liéu, tuy nhién sy thu hep nay
van khong dang ké, thé hién trén Hinh 4(d). Hay néi
cach khéc, vi tri trung tdm cta tim ribbons khé dé
¢ thé Iya chon kich thich trong viéc diéu khién
trang thai dan cia vat liéu. Tuy nhién, d6 rong ving
cAm cua vat lidu co thé duoc thay ddi manh mé tai
cac vi tri bién, irng voi nhom cua vi tri khuyét lavC
=7 va VC = 6. Tuy theo gia tri dién thé 4 ap vao, do
rong vung cAm cua vat liéu c6 thé giam dan vé& gan
dén 0 (nhu thé hién trén Hinh 4(e) va (1)), didu nay
dong nghia véi viée vat liéu co thé chuyén dén trang
thai ban dan — dién moi sang kim loai dudi cac gia
tri dién trwong thich hop.

Nhu vay, dudi sy anh huong dong thoi cua
khuyeét va dién truong ngoai, tinh chat dién tr cua

(a) 1 M=15
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vat liéu duoc thay ddi dang ké, tiiy thudc vao vi tri
khuyét va gié tri dién thé ap vao ma viéc diéu khién
trang thai dan cia AGNRs hoan toan c6 thé dwoc
chu dong. Dic biét, dé cho thay rd hon anh hudng
cua hai tac nhan nay 1én trang thai dan cua vat liéu,
hé s Seebeck S, dic trung cho tinh chét nhiét dién
ctiia vat liéu duogc tién hanh khao sat, két qua thu
duoc thé hién trén Hinh 5.

3.4. Tinh chét nhiét dién cia AGNRs duéi
tac dong dong thoi cia khuyét va dién
truong ngoai

Trén Hinh 5, hé s6 S cia AGNRs duoc khao sat
tai nhié¢t d§ phong rng v4i hai mo6 hinh 1a mé hinh
hoan hao va mé hinh khuyét c6 tai cau trac. Két qua
cho thiy ring trong mé hinh hoan hao, véi d6 rong
ribbons tuwong ng véi M = 15, h¢ s6 S cuc dai thu
dugc vao khoang 0.75 mV/K, nhu thé hién trén Hinh
5(a). Dudi sy ton tai ciia khuyét va tai cau trac, do
rong vung cam cua vat liéu giam, tach ra thanh 2
ving cAm nam xung quanh mic Fermi, do d6, hé sb
S cua vat liéu cling giam va tach thanh hai cuc dai
dwong véi gia tri 1an luot 12 0.55 mV/K va 0.2 mV/K
va hai cuc dai am vdi gid tri 12 -0.52 mV/K va -0.15
mV/K (duong mau xanh, hinh 5(b)). Dleu nay cho
thdy mdi lién hé giira d6 rong ving cdm va hé s6 S
ctia vat lidu, hoan toan phui hop véi két qua nghién
ctru trudgc do (Mazzamuto at al., 2011). Pac biét, véi
su két hop cua dién truong song song, cac gia tri nay
thay dbi 16 rét, cu thé ddi voi cac dinh duong, cac
gié tri thu dugc 1an luot 12 0.42 mV/K va 0.29 mV/K
g véi cac thé hoa hoc 12 0.2 eV va -0.12 eV; dbi
v6i cuc dai Am, cac gia tri nhan dugce 1a -0.46 mV/K
va -0.2 mV/K, tmg véi thé héa hoc 1a 0.3 eV va -
0.06 eV (dwong mau do, Hinh 5(b)). Nhu véy, co thé
thdy rang, dudi anh huong dong thoi cua khuyét va
dién truong song song, hé so S cia vat liu thay ddi
mot cach manh mé, du doan kha nang g dung cua
vat li€u trong tuong lai.

(b) M=15VC=6
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Hinh 5. H¢ 6. tai T =300K ctia AGNRs wng véi M =15 véi cac mo hinh: (a) M6 hinh hoan hio; (b)
Mo hinh khuyét tai cau tric va dién trwong ngoai.
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4. KET LUAN VA PE XUAT

St dung phuong phap gan dang lién manh va
phuong phép luan ham Green, cdu triic ving ning
luong, tinh chat dién tir va tinh chét nhiét dién cua
AGNRs di duge tién hanh khao sat duéi tac dung
ddng thoi ciia khuyét va dién truong ngoai. Két qua
cho thy rang, dudi anh hudng ctia khuyét, tinh chat
dién tir ctia vat liéu duoc thay ddi, d6 rong ving cim
ctia vat liéu tach thanh hai viing cAm con nam quanh
mirc Fermi. Trong d6, anh hudng cua vi tri khuyét &
tam tdm ribbons 13 it nhit, cang ra xa bién, anh
hudng cia khuyét cang manh mé. Pac biét, vdi viéc
tach thanh hai ving cAm con, hé sd Seebeck cua vat

TAI LIEU THAM KHAO

Cresti, A., Grosso, G., & Parravicini, G. P. (2008).
Valley-valve effect and even—odd chain parity in
p-n graphene junctions Physical Review B,
77(23), 233402.
https://doi.org/10.1103/PhysRevB.77.233402

Chen, Z., Lin, Y., Rooks, M. J., & Avouris, P.
(2007). Graphene nano-ribbon electronics.
Physica E: Low-dimensional Systems and
Nanostructures, 40, 228-232.
https://doi.org/10.1016/j.physe.2007.06.020

D’Agosta, R. (2013). Towards a dynamical approach
to the calculation of the figure of merit of
thermoelectric nanoscale devices. Physical
Chemistry Chemical Physics, 15, 1758-1765.
https://doi.org/10.1039/C2CP42594G

Datta, S. (2005). Quantum transport: Atom to
transistor. Cambridge University Press.

Du, X., Skachko, 1., Barker, A., & Andrei, A. Y.,
(2008). Approaching ballistic transport in
suspended graphene. Nature Nanotechnology,
3(8), 491-495.
https://doi.org/10.1038/nnano.2008.199

Duong, N. L. T., Khoa, L. D., Trang, T. Q., Tuyen, H.
T. B., Quyen, N. T. K., Loan, P. T. K., & Tra, V.
T. (2021). Electronic Properties of Single-Layer
and Bilayer Graphene Nanoribbons. Physica
Status Solidi (B), 260(4). 2200432.
http://dx.doi.org/10.1002/pssb.202200432

Han, M. Y., Ozyilmaz, B., Zhang, Y., & KimEnergy,
P. (2007). Band-gap engineering of graphene
nanoribbons. Physical Review Letters, 98,
206805.
https://doi.org/10.1103/PhysRevLett.98.206805

Lewenkopf, C. H. & Mucciolo, E. R. (2013). The
recursive Green’s function method for graphene.
Journal of Computational Electronics. 12(2),
203-231.
http://dx.doi.org/10.1007/s10825-013-0458-7

Liu, W., Wang, Z. F., Shi, Q. W, Yang, J., & Liu, F.
(2009). Band-gap scaling of graphene nanohole

192

Tép 60, Sé chuyén de: Khoa hoc tir nhién (Toan-Ly) (2024): 185-193

liéu thu dugc cling thay d6i thanh hai gia tri cyc dai
duong va hai gia tri cuc dai am tuong ung. Nhu vy,
dudi tac dong cua khuyét va dién truong ngoai, do
rong vung cAm va hé sb Seebeck cua vat liéu duoc
diéu khién, tir 46 dan dén tinh chét truyén dan va
tinh chit nhiét dién cua vat liéu thay ddi mot cach
tht vi, du doan nhiing tiém ning tng dung trong
tuwong lai dudi cac tac nhan kich thich nay.

LOI CAM TA

Nghién ciru dugc hé tro kinh phi ciia Truong Dai
hoc Kién Giang cho de¢ tai cap co so, ma so A2023-
KTCN-07

superlattices. Physical Review B, 80(23),
233405.
https://doi.org/10.1103/PhysRevB.80.233405

Mak, K. F., Sfeir, M. Y., Wu, Y., Lui, C. H.,
Misewich, J. A., & Heinz, T. F. (2008).
Measurement of the optical conductivity of
graphene. Physical Review Letters, 101(19),
196405.
https://doi.org/10.1103/PhysRevLett.101.196405

Mazzamuto, F., Nguyen, V, H., Apertet, Y., Caer,
C., Chassat, C., Sait-Martin, J., Dollfus, P.
(2011). Enhanced thermoelectric properties in
graphene nanoribbons by resonant tunneling of
electrons. Physical Review B, 83, 235426.
http://dx.doi.org/10.1103/PhysRevB.83.235426

Meric, 1., Han, M. Y., Young, A. F., Ozyilmaz, B.,
Kim, P., & Shepard, K. L. (2008). Current
saturation in zero-bandgap, top-gated graphene
field-effect transistors. Nature Nanotechnol,
3(11), 654-659.
https://doi.org/10.1038/nnano.2008.268

Morozov, S. V., Novoselov, K. S., Katsnelson, M. 1.,
Schedin, F., Elias, D. C., Jaszczak, J. A., &
Geim, A. K., (2008). Giant intrinsic carrier
mobilities in graphene and its bilayer. Physical
Review Letters, 100(1), 016602.
https://doi.org/10.1103/PhysRevLett.100.016602

Nair, R. R., Blake, P., Grigorenko, A. N., Novoselov,
K. S., Booth, T. J., Stauber, T., Peres, N. M. R.,
& Geim, A. K. (2008). Fine structure constant
defines visual transparency of graphene. Science,
320(5881), 1308.
https://doi.org/10.1126/science.1156965

Ni, Z. H., Yu, T., Lu, Y. H., Wang, Y. Y., Feng, Y.
P., & Shen. Z. X., (2008). Uniaxial strain on
graphene: Raman spectroscopy study and band-
gap opening. ACS Nano, 2(11), 2301-2305.
https://doi.org/10.1021/nn800459%¢

Novoselov, K. S., Fal’ko, V. 1., Colombo, L. P. M.,
Gellert, P. R., Schwab, M. G., & Kim K. S.



Tap chi Khoa hoc Pai hoc Can Tho

(2012). A roadmap for graphene. Nature,
490(7419), 192-200.
http://dx.doi.org/10.1038/nature11458

Ohta, T., Bostwick, A., Seyller, T., Horn, K., &
Rotenberg, E. (2006). Controlling the electronic
structure of bilayer graphene. Science, 313, 951—
954.
https://doi.org/10.1126/science.1130681

Sahan, Z., & Berber, S. (2020). Monovacancy in
achiral and chiral graphene nanoribbons.
Computational Condensed Matter, 23(5696),
¢00471.
http://dx.doi.org/10.1016/j.cocom.2020.e00471

Sakhaee-Pour, A. (2009). Elastic properties of
single-layered graphene sheet. Solid State
Commun, 149(1), 91-95.
http://dx.doi.org/10.1016/j.ss¢.2008.09.050

Sheehy, D. E. & Schmalian, J. (2009). Optical
transparency of graphene as determined by the
fine-structure constant. Physical Review B,
80(19), 193411.
https://doi.org/10.1103/PhysRevB.80.193411

Shirodkar, S. N., & Waghmare, U. V (2012).
Electronic and vibrational signatures of Stone-
Wales defects in graphene: First-principles
analysis. Physical Review B, 86, 165401
https://doi.org/10.1103/PhysRevB.86.165401

Stampfer, C., Giittinger, J., Hellmiiller, S., Molitor,
F., Ensslin, K., & Thn, T. (2009). Energy gaps in
etched graphene nanoribbons. Physical Review
Letters, 102, 056403.
https://doi.org/10.1103/PhysRevLett.102.056403

Sukhbir, S., & Inderpreet, K (2020). Bandgap
engineering in armchair graphene nanoribbon of
zigzag-armchair-zigzag based Nano-FET: A
DFT investigation. Physica E, 118, 113960.
https://doi.org/10.1016/j.physe.2020.113960

Topsakal, M., Aktiirk, E., Sevingli, H & Ciraci, S
(2008). First-principles approach to monitoring
the band gap and magnetic state of a graphene
nanoribbon via its vacancies. Physical Review B,

193

Tép 60, Sé chuyén de: Khoa hoc tir nhién (Toan-Ly) (2024): 185-193

78, 235435,
http://doi.org/ 10.1103/PhysRevB.78.235435

Vu, T. T., & Tran, V. T. (2016). Electric gating
induced bandgaps and enhanced Seebeck effect
in zigzag bilayer graphene ribbons.
Semiconductor Science and Technology, 31(8),
085002.
https://iopscience.iop.org/article/10.1088/0268-
1242/31/8/085002/meta

Vu, T. T., Nguyen, T. K. Q., Huynh, A. H., Phan, T.
K. L., & Tran, V. T. (2017). Modulation of
bandgap in bilayer armchair graphene ribbons by
tuning vertical and transverse electric fields.
Superlattices Microstructure, 102, 451-458.
http://dx.doi.org/10.1016/j.spmi.2016.12.031

Vu, T. T., Nguyen, T. K. Q., Nguyen, T. M. T.,
Nguyen, V. C., & Tran, V. T. (2018).
Enhancement of the Seebeck effect in bilayer
armchair graphene nanoribbons by tuning the
electric fields. Superlattices and Microstructures,
113,616-622.
https://doi.org/10.1016/j.spmi.2017.11.042

Wang, Z., Dong, J., Cui, Y., Eres, G., Timpe, O., Fu,
Q., Ding, F., Schloegl, R., & Willinger, M.
(2016). Stacking sequence and interlayer
coupling in few-layer graphene revealed by in
situ imaging. Nature Communications, 7, 13256.
https://doi.org/10.1038/ncomms13256

Yu, Y., Zhao, Y., Ryu, S., Brus, L. E., Kim, K.S., &
Kim, P. (2009). Tuning the graphene work
function by electric field effect. Nano Letters,
9(10), 3430-3434.
http://dx.doi.org/10.1021/n1901572a

Zanella, S., Guerini, S. B., Fagan, J., Filho, M., &
Filho, A. G. S. (2008). Chemical doping-induced
gap opening and spin polarization in graphene.
Physical Review B, 77(7), 073404.
https://doi.org/10.1103/PhysRevB.77.073404

Zhang, Y., Tan, Y., Stormer, H. L., & Kim, P.
(2005). Experimental observation of the quantum
Hall effect and Berry’s phase in graphene.
Nature, 438(7065), 201-204.
http://dx.doi.org/10.1038/nature04235



	1. GIỚI THIỆU
	2. Mô HÌNH VÀ PHƯƠNG PHÁP TÍNH TOÁN
	2.1. Mô hình
	2.2. Phương pháp tính toán

	3. KẾT QUẢ VÀ THẢO LUẬN
	3.1. Khảo sát cấu trúc vùng năng lượng của AGNRs với ảnh hưởng của khuyết một nguyên tử
	3.2. Ảnh hưởng của các vị trí khuyết lên tính chất điện tử của AGNRs
	3.3. Ảnh hưởng đồng thời của khuyết và điện trường ngoài lên tính chất điện tử của AGNRs
	3.4. Tính chất nhiệt điện của AGNRs dưới tác động đồng thời của khuyết và điện trường ngoài

	4. KẾT LUẬN VÀ ĐỀ XUẤT

