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; . ABSTRACT
Théng tin chung:
Ngay nhdn bai: 04/03/2020 In this work, electronic and transport properties of the sawtooth penta-
Ngay nhdn bai sura: 15/05/2020 graphene nanoribbon doping by boron (B), aluminium (Al), and gallium
Ngay duyét dang: 29/06/2020 (Ga) at various positions are systematically investigated by using the
density-functional theory in combination with the non-equilibrium
Title: Green'’s function formalism. Specifically, band structure, density of states,
Study of electronic and I-V curve and transmission spectrum of all samples are studied in detail.
transport properties of the Our result shows that electronic and transport properties of the sawtooth
sawtooth penta-graphene penta-graphene nanoribbon not only depend on doped element but also
nanoribbon doping by group doped position. Especially, all studied devices have the current intensity
[l elements more than 8 orders compared to that of SSPGNR.
Tir khoa: TOM TAT
Dac tinh dién tr, Iy thuyet Trong nghién civu ndy, ddc tinh dién tr va tinh chat van chuyén dién tir
phiém ham mdt do, penta- cua penta-graphene nanoribbon dang bién rang cwa pha tap lan leot
graphene nanqribbon, tinh boron (B), nhom (Al), va gallzum (Ga) tai hai vi tri khdac nhau duoc khdo
chat van chuyén dién tu sdt mot cdch co6 hé thong bang cach sir dung ly thuyet phlem ham mat do
va ham Green khong cdn bang Cu thé, cdu triic vung, mdt do trang thai,
Keywords: ddc tuyén I(V) va phé truyén qua cua tat ca cdc mau dirge nghién ciru mgt
Density-functional theory, cdch chi tiét. Két qua cho thay ddc tinh dién tir va tinh chat van chuyén
electronic properties, penta- dién tir ciia penta-graphene nanoribbon dang bién ring cua dwoc pha tap
graphene nanoribbon, khéng nhing phyu thuge vdo nguyén té dwoc pha tap ma con phu thugc
transport properties vdo vi tri diroc pha tap. Ddc biét, tat ca cde mé hinh dwoc khdo sdt ¢é

cuong d dong tang gap 8 lan so véi penta-graphene nanoribbon dang
bién rang cuwa thuan.

Trich dan: Pham Thi Bich Théo, Tran Thi Ngoc Thao va Nguyén Thanh Tién, 2020. Nghién ctru dic tinh dién
tir va tinh chat van chuyén dién tir ciia penta-graphene nanoribbon dang bién ring cua dugc pha tap
céc nguyén t6 nhom II1. Tap chi Khoa hoc Trudong Pai hoc Can Tho. 56(S6 chuyén dé: Khoa hoc
tu nhién)(1): 157-166.

1 PAT VAN PE dung hitu ich trong cac Iinh vyc khac nhau, kim
cuong c6 tinh din dién kém do chi ton tai lién két
sp® nén khong c6 electron tu do. Khac véi kim
cuong, than chi chi c6 2 trong 3 orbitan p tao lién

Cho dén nhing nam giira thé ki XX, hai dang thu
hi’nh pho bién cua carbon trong tu nhién dugc biét
den 1a kim cuong va than chi. Méc du c6 nhiéu ung
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két, mot quy dao khong ghép ddi (quy dao p,) c6 thé
duoc sir dung trong van chuyén dién tir. Do do, than
chi 12 mot chat dan dién tot hon nhiéu so véi kim
cuong. Nam 1970, mot dang céu tric 2D cua than
chi 1a graphene 1an dau dugc tong hop thanh cong
trén bé mat kim loai. Bang su phén tach pha tinh thé
niken pha tap carbon, Eizenberg and Blakely (1979)
da tao ra dugc cac lop than chi don. Sau do, lan luot
hai dang thu hinh méi cua carbon la Buckminster
Fullerenes dugc phat hién boi Richard Smalley va
cong su vao nam 1984 (Kroto et al., 1985) va éng
nano carbon duoc Iijima phat hién dau nam 1991
(lijima, 1991).

Nghién ctru chuyén sau vé graphene, mot vat
liéu hai chiéu (2D) bao gom céc nguyén tir carbon
trong mang luc giac tuan hoan, bat dau tir nim 2004
(Novoselov et al., 2004; Novoselov et al., 2005).
Cho dén nay, graphene 1a loai tinh thé mong nhat
duoc biét vai do cang cuc I6n, do dan hoi va do dan
nhiét vuot troi. V&i cau trac hai chiéu va dién tich
bé mit Ion (khoang 2675 m2g™?), graphene c6 nhiéu
tinh chat vat 1y doc dédo. Khong gidng nhu tinh thé
ba chiéu, tat ca cic nguyén tir trong graphene déu la
cac nguyén tir bé mat, tre chung c6 thé tham gia vao
cac phan tng hoa hoc va céac tuong tac khac nhau.
Trong nhitng nim qua, nhiéu nghién ctru Iy thuyét
va thuc nghiém cho graphene da duoc thyc hién. Cu
thé, bang phwong phap héa hoc viéc téng hop
graphene don 16p, da 16p hay graphene nanoribbon
trén dé kim loai da duoc thuc hién (Bostwick et al.,
2009; Jiang, 2011; Batzill, 2012). Cc tinh chat dién
tr, hoéa hoc, tir tinh va dac tinh dién hoéa cua
graphene ciing dugc xem xét (Neto et al., 2009;
Wang et al., 2010; Yazyev et al., 2010; Molitor et
al., 2011; Rao et al., 2012). Ngoai ra, vat liéu dua
trén graphene dé chuyén ddi nang lwong mat troi,
quang xuc tac, dién cyc pin lithium, dién tur lugng
tr cling nhu cac cam bién dién héa va sinh hoc da
duogc phan tich (Dragoman et al., 2009; Shao et al.,
2010; An et al., 2011; Guo et al., 2011; Sun et al.,
2011). Mic du ¢ nhiéu tinh chat vat 1y va hoa hoc
tuyét voi, graphene lai 1a mot vat liéu khong c6 vung
cam, didu nay gay kho khan cho viéc ing dung no
trong bong ban dan hiéu ung truong va cac thiét bi
dién ti khac.

Niam 2015, mot dang thu hinh méi ctaa carbon
dugc du doan boi Shunhong va cong su, goi la
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penta-graphene (Shunhong et al., 2015). Penta-
graphene thé hién sy 6n dinh co hoc va dong hoc
ngay ca khi nhiét d6 dat 1000 K. Thém vao do,
penta-graphene hai chiéu c6 do rong ving cam
khoang 3,25 eV, cao hon so véi cac dang thu hinh
khac cua carbon (Shunhong et al., 2015). Vi cac
tinh chat vat ly doc déo, penta-graphene dugc du
doan s& 1a img vién tiém nang trong viéc tmg dung
cho cac thiét bi dién tir nano va dién tr quang hoc
(Berdiyorov et al., 2016; Li et al., 2018). Tuong tu
graphene, tir penta-graphene co thé tao thanh 4 loai
penta-graphene nanoribbon khac nhau: penta-
graphene nanoribbon dang bién zig zic (ZZPGNR),
penta-graphene nanoribbon dang bién aimchair
(AAPGNR), penta-graphene nanoribbon dang bién
zig zic aimchair (ZAPGNR) va penta-graphene
nanoribbon dang rang cua (SSPGNR) (Yuan et al.,
2017). Viéc khao sét cau triic va dic tinh dién tir cua
bdn dang penta-graphene nanoribbon ndi trén cho
thiy SSPGNR 1a cdu tric bén nhét khi khao sat ning
lwong lién két & ciing d6 rong chudi va thé hién dic
tinh ban dan, trong khi cidc penta-graphene
nanoribbon con lai thé hién dic tinh kim loai (Yuan
et al., 2017). Tuy nhién, nhitng nghién ctiu vé hién
twugng van chuyén caa cac penta-graphene
nanoribbon con rat han ché. Thém vao do, theo Tien
et al. (2019), penta-graphene nanoribbon dang bién
ring cua cé cuong do dong rat thap nhung cudong do
dong lai tang manh (khoang 8 bac d6 lon) khi duoc
pha tap nitrogen (N) va phosphorus (P). Két qua nay
la do N va P la cic nguyén té thuoc nhom V cua
bang tuan hoan nén khi pha tap vao SSPGNR s& tao
thanh cdc mau N-SSPGNR va P-SSPGNR thé hién
dic tinh twong ty ban din pha tap loai n. Nham tiép
tuc tim ra nhitng mau vat liéu dua trén SSPGNR m&i
v6i nhiing tinh chit doc d4o, c6 nhidu tiém ning Gng
dung trong céc thiét b dién tir, nghién ctru nay thuc
hign viéc khdo sat cdu tric va ddc tinh dién tir cia
mau SSPGNR pha tap cic nguyén té nhom III 1a
boron (B), nhom (Al) va gallium (Ga).

2 THIET LAP MO HINH VA TiNH TOAN

Hinh cdu mau xdm va méau xanh lan lugt twong
g voi cac nguyén tur carbon lai hoa sp? va sp®.
Hinh ciu mau do twrong &ng voi nguyén té hydro.
Céc hinh ciu méau hdng, cam va vang 1an luot tuong
g véi cac nguyén t6 B, Al va Ga
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a) B1-SSPGNR

b) AI1-SSPGNR ¢) Gal-SSPGNR

d) B2-SSPGNR e) Al2-SSPGNR ) Ga2-SSPGNR

Hinh 1: Céu tric ciia cic mAu nghién ciru sau
khi toi wu

Tdp 56, S6 chuyén dé: Khoa hoc tir nhién (2020)(1): 157-166

Tir cau trac penta-graphene 2D, céu tric penta-
graphene nanoribbon dang bién rang cua (SSPGNR)
dugc tao ra. Tiép theo, cAu truc nay duoc toi wu qua
phan mém Atomistix ToolKit (ATK) (Taylor et al.,
2001; Brandbyge et al., 2002) bang phuong phap
DFT s dung gan dung gradient tong quat cua
Perdew Burker Ernzerhof (PBE) véi diéu kién: k-
point 1x1x21 va cutoff energy 780 eV. Céu tric
SSPGNR d tdi uu dwoc pha tap lan lugt cac nguyén
t6 nhom III: boron (B), nhém (Al) va gallium (Ga)
tai vi tri carbon lai hoa sp® va sp? véi ky hiéu tuong
ung nhu Hinh 1: BI-SSPGNR, Al1-SSPGNR, Gal-
SSPGNR, B2-SSPGNR, AI2-SSPGNR va Ga2-
SSPGNR. Séu céu tric trén duoc tdi wu véi cing
diéu kién nhu cu tric SSPGNR. Tét ca céc cdu triic
khao sat dugc thu dong hoa bién bang hydro.

Mo hinh linh kién st dung cdc mau pha tap dugc
minh hoa trong Hinh 2 véi dién cuc trai va dién cuc
phai 12 nhitng 6 co s& ban v6 han duoc lap lai tuin
hoan theo truc z. Dic tinh dién tir va tinh chét van
chuyén ciia cac mau nghién ctru duoc khao sat bang
mé hinh Hiickel mé rong trong phin mém ATK
(Taylor et al., 2001; Brandbyge et al., 2002) véi sb
k-point 1x1x21 trong vung Brillouin va cutoff
energy 780 eV. Pé tranh tuong tac giita cac “anh”
cua cau triic, ving chan khong 15 A dugc ap vao
phuong vudng goc véi tryuc tinh tién cia cac mau
nghién cau.

Pién cyec trai

Vung tan xa

Pién cuc phai

Hinh 2: M hinh linh kién sir dung SSPGNR Véi cdc vi tri 1 va 2 13 noi pha tap cdc nguyén t6 B, Al va Ga

Viéc khao sat dic tinh van chuyén caa SSPGNR
pha tap B, Al va Ga dugc thuc hién thong qua viéc
xac dinh hé sb truyén qua va dong dién trong ving
tan xa. Cu thé nhu sau:

Tt phuong trinh Landauer Biittiker, cuong do
dong dugc xac dinh:
2e |
(V)= 22 JTEN, 1 (E 1) 1(E — i JE
- 1)

v6iT(E,V, )1a phé truyén qua tai nang luong E
va théV, (Datta, 1997).
T(E\V,)=Tr[[L(EV, JG(EV, IR (EV, G'(EV, )] )

va ham phan bd Fermi cua thé héa cho dién cuc
trsi va dién cyc phai tuong tng f(E -y ),

f(E-tz):
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p =Eg +eV, /2

Hg =Eg —€V, /2 ©)

Er 1a ning luong Fermi tai dién thé bang 0.
Trong phuong trinh 2, ham Green sém va ham
Green tré cia ving tan xa dugc mo ta bsi G'vaG
trong khi ham coupling tir di¢n cuc trai va phai dugc
ky hi¢u I' .

3 KET QUA VA THAO LUAN

3.1 Daic tinh dién tw

Dé khao sat sy bén viing cua cac cau triic, ning
lugng lién két E ctia cac mau nghién ctru duge xac
dinh theo cong thurc sau:
_ (Etptar —NcEc —NEp —NyEy)

EB
Nc + Ny + Ny

(4)

V6i Eyyyy 1 niing luong tong cho méi “unit cell”;
Ec, Ey va Ey lan luot 12 ning lugng riéng cua cic
nguyén tr C, H va X (B, Al, Ga); Nc, Ny vany lan
luot 1a s6 nguyén tir C, H va X tuong tng.

Két qua tinh sb cho thiy, ning lugng lién két cua
B1-SSPGNR, AI1-SSPGNR, Gal-SSPGNR, B2-
SSPGNR, AI2-SSPGNR va Ga2-SSPGNR lan lugt
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la-7,7eV, -7,61 eV, -3,64 eV, -7,79 eV, -7,61 eV
va -3,66 eV. Két qua cho thiy, ning luong lién két
khi SSPGNR duoc pha tap cing mot nguyén té &
céc vi tri carbon lai hoa sp® hay carbon lai hoa sp?
trong mau thuan co sy khac biét khong dang ké.
Ngodi ra, trong cic mau dwoc khao sat mau
SSPGNR pha tap Al c6 do bén cao nhét.

Bang 1 cung cap thong s6 vé do dai lién két tir vi
tri duoc pha tap dén cac nguyén tir hydro va carbon
lan can. C6 thé nhan thay, do dai lién két gitra cac vi
tri pha tap dén cac nguyén tir hydro hay carbon c6
su thay doi dang ké, trong khi do dai lién két giira
cac nguyén tir carbon khiac gan nhu khong doi.
Ngoai ra, d6 dai lién két con phu thudc vao nguyén
t6 dugc pha tap. Cu thé, déi véi cac mau dugc pha
tap & vi trf 1 (twong ung Vi vi tri carbon lai hoa sp®
trong mau thuan), d dai lién két ting dan theo thir
tu sau: BiH < GagH < AlyH. Két qua thu duoc ciing
tuwong ty khi pha tap ¢ vi tri 2 (twong tng vai vi tri
carbon lai hoa sp? trong mau thuan). Do dai lién két
tir nguyén tir pha tap B dén cac nguyén tir carbon lan
can trong ca hai truong hop déu 1a nho nhét, trong
khi sy khac biét giira cic mau dugc pha tap Al va
Ga la khong dang ké. So sanh véi cac do dai lién két
tuong (g trong mau SSPGNR thuan (Tien et al.,
2019), tat ca cac do dai lién két tinh tir vi tri tap dén
nguyén tir hydro hay carbon lan can déu tang. Diéu
nay 1a do do dai lién két phy thudc vao ban kinh
nguyén tir va su lai hoa obitan.

Bing 1: P9 dai lién két xung quanh céc vi tri pha tap ciia cAc miu nghién ciru (tinh bing don vi A). Ky
hi¢u M twong &ng véi cac nguyén to B, Al, va Ga. Vi tri cac nguyén tir dwgc danh so6 twong rng

& Hinh 1

Mau B1- All- Gal- B2- Al2- Ga2-
Lién két SSPGNR SSPGNR SSPGNR SSPGNR SSPGNR SSPGNR
M:H11 1,22 1,58 1,52 - - -
M:Cs 1,61 1,93 1,96 - - -
C3Cq 1,34 1,35 1,35 - - -
C4Cs 1,54 1,54 1,54 - - -
CsCs 1,55 1,55 1,55 - - -
CoM; 1,71 2,08 2,07 - - -
MzH3, - - - 1,20 1,58 1,50
M.C7 - - - 1,64 2,00 2,04
C:Cs - - - 1,52 1,53 1,52
CsCo - - - 1,53 1,54 1,54
CoC1o - - - 1,57 1,58 1,55
C1oM> - - - 1,50 1,92 1,88

Céu tric ving cua cac miu nghién ctru duoc
trinh bay trong Hinh 3. C6 thé thay rd, tat ca cac mau
SSPGNR pha tap B, Al, va Ga déu thé hién dic tinh
kim loai do c6 mgt viing con xuyén qua mtc Fermi.
Trong tat ca cac mau khao sat, mire Fermi déu dich
chuyén v& ving hoa tri va tuong tac giita nguyén tir
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pha tap vai carbon dan dén nhiing viing con méi gan
ving dan so véi mau SSPGNR thuan (Tien et al.,
2019). Piéu nay 1a do B, Al va Ga déu thuoc nhom
Il véi cing sb electron I6p ngoai cung, vi vay
SSPGNR duoc pha tap B, Al, Ga s& twong tng voi
ban dan loai p. Mat do trang thai tong trong Hinh 4
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xac nhan sy c6 mat cla cac trang thai dudi muc
Fermi. Mot diém dac biét 1a khi pha tap B, Al, Ga
twong @ng V&i Vi tri carbon lai hoéa sp® trong mau
thuan, cau trac ving cta B1-SSPGNR, All-
SSPGNR, Gal-SSPGNR xuét hién hai khe nang
lugng xién quanh mac Fermi. Vi mau Bl-
SSPGNR, hai khe ning lugng nay gan mac Fermi
hon, gan nhu d6i xing qua muc Fermi va co gia tri
Xap xi Egy = 1,4 eV va Eg, = 1,1 eV. Két qua trén
turong dong vai két qua nghién ctru ciia Mausodi et
al. (2019). Trong nghién ctru nay, mau graphene
nanoribbon dang bién armchair (AGNR) duoc pha
tap B, két qua cho thdy B-AGNR ciing hinh thanh 2

a) B1-SSPGNR

Tdp 56, S6 chuyén dé: Khoa hoc tur nhién (2020)(1): 157-166

khe nang lugng quanh mic Fermi. Tuy nhién, B-
AGNR thé hién dic tinh ban dan. D6i véi mau All-
SSPGNR, Eg; (0,9 eV) > Eg, (0,5 eV) va Gal-
SSPGNR, Eg;~ Eg; =~ 0,85 eV. Ca hai mau nay, vi
tri khe nang lugng thir 1 gan mirc Fermi hon so véi
vi tri khe nang lugng tha 2.

Véi ba mau dugc pha tap & vi tri carbon lai héa
sp? trong mau thuan, sy hinh thanh hai khe ning
luong chi xuat hién & cau triic ving ctia mau B2-
SSPGNR, nguoc lai ¢ cdu trac vung cua Al2-
SSPGNR va Ga2-SSPGNR khong xuat hién cac khe
nang lugng.

d) B2-SSPGNR

Hinh 3: CAu triic ving ciia cAc miu nghién ciru
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Hinh 4: Mt d9 trang thai tong va mat d9 trang thai riéng ciia cic miu nghién ctiru

Két qua khao st cau tric ving di cho thay viéc tinh chit van chuyén dién tir so voi cdu trac thudn.
pha tap B, Al va Ga vao SSPGNR s¢& lam thay doi Dé hiéu 16 thém anh hudng cua pha tap 1én cau tric
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ving, chung t6i tién hanh khao sat mat do trang thai
riéng (PDOS) cua tat ca cac mau nghién ctu, két qua
dugc trinh bay trong Hinh 4. Co thé thay rd, mat do
trang thai téng dugc dong gop chu yéu bai cac
nguyén tir carbon. Tuy nhién, sy hién dién cua cua
cac nguyén tir pha tap (B, Al, Ga) da lam thay doi
dac tinh dién tir cua cac mau. Cu thé, so sanh voi
mau thuan (Tien et al., 2019), ¢ day c6 thém su xuat
hién ctia cac trang thai dién tir quanh mtrc Fermi. Do
vay, tir mau SSPGNR thuin ban dau 1a ban dan c6
ving cdm truc tiép da chuyén thanh kim loai khi
duoc pha tap B, Al, va Ga. Ngoai ra, viéc pha tap
cac nguyén t& ¢ nhom III, IV, V din dén sy dich
chuyén mirc Fermi va phan b cac viing con 1a khac
nhau.
3.2 Tinh chit van chuyén dién tir

Hinh 5 mé ta phd (V) cua B1-SSPGNR, All-
SSPGNR, Gal-SSPGNR, B2-SSPGNR, Al2-
SSPGNR va Ga2-SSPGNR. Két qua cho théy,
cuong do dong dién trong tit ca cac mau khao sat
tang khoang 8 bac d¢ I6n so vai mau thuan SSPGNR
(Tien etal., 2019). i v6i mau dugc pha tap B ¢ vi
tri carbon lai héa sp® (B1-SSPGNR), gia tri cuong
d6 dong khi dién thé tir 0,5 V tro di 1on hon so véi
mau duoc pha tap B & vi tri cacbon lai hoa sp? (B2-
SSPGNR). Trong khi d6, mdt xu hudng nguoc lai
khi xem xét gid tri cuong do dong cho All-
SSPGNR, Gal-SSPGNR, AI2-SSPGNR va Ga2-
SSPGNR. Cu thé, cuong do dong cua ca bdn mau
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trén tang tuyén tinh nhu nhau khi dién thé thay doi
tir 0 dén 0,5 V. Sau d6, dat cuc dai 42 pA, 54 pA va
54 pA khi dién thé bang 0,8 V, lan luot cho All-
SSPGNR, Gal-SSPGNR, Ga2-SSPGNR. Cuong d6
dong cuc dai cia Al2-SSPGNR quan sat dugc tai
dién thé bang 0,9 V 1a 57 pA. Su gia ting cuong do
dong clia cac mau SSPGNR dugc pha tap Al va Ga
tai vi tri carbon lai hoa sp? trong mau thuan 1a do khi
pha tap, do dai lién két tir hai nguyén tir nay dén
carbon s6 10 thay ddi lan luot tir 1,34 A 1én 1,92 A
va 1,88 A. Diéu nay, c6 thé c6 hién twong chuyén tir
lién két 7 trong mau thuan thanh lién két ion trong
mau pha tap Al va Ga 6 lién két tap. Theo qui tic bat
tu, dién tir linh dong s€ gia tang, dan den Sy gia tang
cuong do dong cua hé. Ddi véi cac mau duoc pha
tap B & hai vi tri carbon lai hoa sp® va carbon lai hoa
sp?, cuong d6 dong dat gia tri cuc dai lan luot bang
38 pA va 28 pA tai dién thé 0,7 V. Di véi hai mau
pha tap B, gia tri cuong d6 dong cua B1-SSPGNR
Ién hon so véi ciia B2-SSPGNR bit dau tir dién thé
0,5 V. Bang 1cho thdy do dai lién két C1oB,= 1,50
A, nén lién két nay van 1a lién két pi (), vi vay xung
quanh vi tri tap trong mau B2-SSPGNR co lién két
(m) va lién két sigma (o), trong khi xung quanh
nguyén tir B trong mau B1-SSPGNR chi ton tai lién
két sigma (o). Diéu nay dan dén su linh dong cua
dién tir trong mau B2-SSPGNR kém hon so véi B1-
SSPGNR, két qua 14 cudng do dong trong mau B2-
SSPGNR thip hon khi xét & ciing mét dién thé.

60 |

50 -

Cuong dd dong dién (uA)

—a— B1-SSPGNR

—eo— Al1-SSPGNR
—a&— Ga1-SSPGNR

—v— B2-SSPGNR
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12 14
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Hinh 5: Phé 1(V) ciia cac miu nghién ctu
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Dé hiéu thém vé phd (V) cua cac hé khao sat,
chung t6i nghién ciru phd truyén qua theo dién thé
cong va nang lugng dién tur, két qua thé hién ¢ Hinh
6. So véi mau thuan SSPGNR (Tien et al., 2019), ta
c6 thé thiy 16 T(E) cua tat ca cac hé dugc khao sat
¢6 hé sb truyén qua Ién hon khoang 8 bac do 16n so
v6i mau thuan. Diéu nay gop phan giai thich sy gia
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ting cuong do dong cua mau duoc pha tap so véi
mau thuan. Ngoai ra, dién tich hinh phang gigi han
boi phé truyén qua, truc hoanh va dién thé giup ta
giai thich sy khac biét trong duong cong cuong do
dong theo dién thé cong cho ting diém dién thé va
cho cac mau khéc nhau.

d) B2-SSPGNR
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Hinh 6: Pho T(E) ciia cac miu nghién ctiru

Dé nghién ciru sy hinh thanh cua gia tri cudng
d6 dong cuc dai, ching t6i tién hanh phan tich phd
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truyén qua tai dién thé cong tuong Ung vai gia tri do
cung voi Cau trac vang cia mdi dién cuc. Bai bao
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nay tap trung nghién cuu gia tri cuong do dong cuc
dai cua AI2-SSPGNR do sy 6n dinh va cuong do
dong vuot troi so Vi cac mau con lai. Hinh 7a trinh
bay phd truyén qua theo dién thé cong va cau trac
viing ciia mdi dién cuc o dién thé 0,9 V (gié tri dién
thé cong ung vai cuong do dong cuc dai cua Al2-
SSPGNR). Chung ta thay rang Cau tric vung dién
cuc trai dich chuyen Xuong va cdu tric vung dién
cuc phai dich chuyén 1én, “ving con” (o) ctia dién
Cuc trai chéng chap “vung con” (a’) ctia dién cuc

a)
Dién cwc trai

AI2-SSPGNR

Tdp 56, S6 chuyén dé: Khoa hoc tur nhién (2020)(1): 157-166

phai. Didu nay ching minh di¢n tr duoc phép di
Chuyen giita ching va hé sb truyen qua c6 gid tri gan
bang 2 trong toan dién thé céng dan dén cuong do
dong ctia AI2-SSPGNR dat cyc dai tai dién thé cong
bang 0,9 V. Tri riéng cua AI2-SSPGNR ¢ 0,9 V (P1)
dugc trinh bay trong hinh 7b. Ta c6 thé thay, dong
dién dia phuong xuat hién chii yéu ¢ bién cua hé va
ham séng 3D vé6i pha nho hon = rad chiém wu thé,
tuong (ng Vai sy chiém wu thé cua tan xa trudc.

Pién cwe phai

E-E, (eV)

Bias

09V

Hinh 7: Céu tric vang dién cwe trai, dién cuc phai va phé truyén qua cia Al2-SSPGNR tai 0,9 V (a)
va trang thai tan xa tai gia tri ning lwong twong &ng voi “isovalue” bang 0,02 (b)

4 KET LUAN

Tém lai, trong nghién ctu nay, dac tinh di¢n tu
va tinh chat van chuyén dién tir cuia penta-graphene
nanoribbon dang bién rang cua dugc pha tap cac
nguyén té nhom 11T 1a B, Al, va Ga & hai vi tri carbon
lai hoa sp® va sp? da duoc khao sat chi tiét. Két qua
cho thay tat ca cac mau pha tap déu thé hién dic tinh
kim loai v&i mét ving con xuyén qua muc Fermi.
Dac biét, cac mau khao sat c6 cuong do dong ting 8
bac d6 16n so véi cuong do dong ciia mau thuan.
Ngoai ra, dang ciia phd I(V) khong nhirng phu thudc
vao nguyén t6 pha tap ma con phu thude vao vi tri
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pha tap. Két qua khao sat ph truyén qua hoan toan
phi hop véi dic tinh 1(V). V6i nhimng dic diém ndi
bat vé cdu tric va tinh chat van chuyén dién tir nhu
trén, penta-graphene nanoribbon dang bién rang cua
1a mét trong nhitng tmg vién tiém nang phi hop cho
g dung trong cac thiét b dién tir nano.
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