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Tom tat

Trong bao céo nay, méi lién hé giira chi sé dimer (N) va néing lirong ving cam
cua vat liéu Stanene diroc nghién ciru, khao sat bang cach ap dung phwong phdp Iy
thuyét phiém ham mdr do (DFT). Két qua khao sat s thay doi cuiachisé Ntir6,7,8, 9,
va 10 cho thdy rang nang lwong vung cam thay doi theo diing quy ludt phi hop véi cac
nghién ciu trudc day doi Véi cé&c vat lieu nhue silicene, graphene, germanene, cu thé 1a
do rong vung cam ¢é do 1én 0,36 eV; 0,42 eV; 0,24 eV; 0,25 eV va 0,28 eV. Qua do, vat
ligu stanene dwoc xdc dinh 1a vat liéu ban dcfn, khéng c6 ter tinh. Tuy nhién, néu cho
stanene hap phu cac nguyén té nhom halogen thi vdt liéu méi thu dwoc 1 vat liéu tir.
Vat liéu tiém ndng nay phir hop cho viéc ché tgo cac thiét bj thé hé méi nhw cam bién do
tim nguyén té nhém halogen, ddng co spin, transistor hiéu irng truong trong tirong lai.

Tor khoa: cam bién halogen, halogen hdp phu stanene, vat liéu spin

Abstract

INVESTIGATION OF THE STRUCTURAL AND ELECTROMAGNETIC

PROPERTIES OF ARMCHAIR STANENE NANORIBBONS MATERIAL

THAT ADSORBS SOME SUBSTANCES

In this report, the relationship between the dimer index (N) and the prohibition
level of Stanene material is studied and investigated by applying the density functional
theory (DFT) method. The results of investigating the change in the N index from 6, 7,
8, 9 and 10 show that the ability to prohibit the zone from changing according to
regulations is consistent with previous studies on materials such as silicene and
graphene, germanene, specifically prohibits the extended band with a magnitude of 0.36
eV; 0.42 eV; 0.24 eV; 0.25 eV and 0.28 eV. Thereby, stanene material is determined to
be a semiconductor material, without magnetic properties. However, if stanene adsorbs
halogen elements, the new material obtained is a magnetic material. This potential
material is suitable for manufacturing new generation devices such as halogen element
search sensors, spin motors, and field-effect transistors in the future.

1. Gidi thiéu

Vai thap ky gan day céc nha khoa hoc da bt dau chi ¥ dén cac vat liéu hai chiéu
(2D) dua trén cac nguyén t6 nhom-IV nhu silicene (Cahangirov va cong su., 2009),
germanene (Cahangirov va cong su., 2014; Li va cong su., 2014; Singh va cong su., 2014)
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va stanene (Xu, 2013; Fang, 2015; Zhang, 2014; Gao, 2016; Zhou, 2016; Zhang, 2016;
Lyu, 2019) do cAc tinh chat twong tir voi graphene va kha nang ing dung trong cac thiét
bi dién tir nano (Ferrari, 2015). Trong s ndy, stanene da thu hit dugc sy quan tim dic
biét do nod co6 thé tmg dung 1am chit cach dién luong tir Hall (Ezawa, 2015), chat cach
dién topd (Rachel, 2014) va chét siéu dan topd (Li, 2009). Mot trong nhirng tinh chit quan
trong cua stanene 13 né duy tri tinh dbi xtmg nghich dao va nghich dao thoi gian ngay ca
sau khi dua vao quy dao quay (SOC). Tuy nhién, khi d6i xtmg nghich dao bi pha v&, né
thé hién su phan tach trong cau trac vung nang luong cua no. Mot s6 nghién ciru cho thy
viée tong hop céu triic stanene 2D (Zhu, 2015), d4 ché tao thanh cong mang Sn siéu mong
¢6 cAu truc stanene 2D trén dé Bi,Tes bang phuong phap epitaxy chum phan tir.

Bang cach str dung phuong phap DFT trude ddy cac tac gia da c6 nhimg nghién ciu
vé dic tinh dan hdi cua stanene, do bién dang, hi¢u ng v6i phan g co hoc, nang luong
bién dang, ing suét, dd vénh, mat do dién tir cia cac trang thai. Trong dé tai nay chung to1
khao sat sy thay doi do rong ving cam, do vénh, tir tinh cta stanene khi thay d6i chi s6
dimer (N) khac nhau. Bén canh dé ching t6i tién hanh cho hap phu cic nguyén tir nhom
halogen véi chat nén stanene dé khao sat dic tinh va tng dung cua vat liéu méi nay.

2. Thuc nghiém

Pé tai sir dung go6i mo phong Vienna ab initio (VASP) két hop ly thuyét Phiém
ham mat d6 (DFT), VASP dugc tinh toan c6 tinh dén sy phan bd va néng do cua cac
nguyén tir. Su twong quan trao ddi va nang luogng, thu duge tir cic twong tac Coulomb,
dugc tinh toan bang ham Perdew-Burke-Ernzerhof (PBE) theo phép tinh gan dung. Trén
co s& séng phang véi muc cit nang luong toi da 400 eV ham séng va trang thai ning
lugng duogc thiét 1ap. Cac diém ludi k cia so d6 Monkhorst-Pack gom 12x1x1 va
100x1x1 duogc st dung dé tinh toan cac ciu trac dién tir va toi wu hoa cu trac tuong
rng. Gi4i han trén cta luyc Hellmann-Feynman nhd hon 0,01 eV Sy hoi tu ning lugng
trang thai co ban giira hai chu ky gan nhat duoc dit 6 mirc 1075 eV.

Trong dé tai nay, ching t6i ding mot mé hinh don 16p 1D cua ASnNRs
(Armchair stanene nanoribbons) goi 1a pristine v&i hé s dimer N = 6, c6 cau triic gdm
c6 12 nguyén tir Sn va 4 nguyén tir H, & day cac nguyén tir H hau nhu khoéng tham gia
nhiéu vao sy hinh thanh ciu trac méi ma né cd chiic ning tao su can bang cho cu tric.
O day ching t6i khao sat sy thay ddi cAc tinh chat cua vat liéu, cau tric ving ning
luong khi N thay doi (hinh 1).
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Hinh 1. M6 hinh stanene vdi cac N khac nhau
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~ Bén canh d6 chung 6i cho hip phu cac nguyén tir thugc nhom halogen, tao ra su
hap thu trén bé mat vai cac vi tri co ban nhu hollow, bridge, top, valley (hinh 2) va xem

xét su thay doi cua cac tinh chat vat liéu mai sau khi pha tap.
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Hinh 2. M& hinh ASnNRs pha tap halogen véi cac vi tri hollow (H), top (T),

bridge (B) va valley (V)

3. Két qua va thao luan

Sau khi tinh toan déi v6i cac md hinh c6 chi s6 N thay ddi tir 6 dén 10, két qua thu

dugc cho thay vat liéu ASnNRs ¢6 ning luong viing cam Eg, ndng lugng hinh thanh Ep,

do cong vénh, d6 dai lién két Sn-Sn, momen tir, trang thai cau trdc co thay ddi nhiéu tly
thuoc vao N, va dugc théng ké ¢ bang 1.

Bdng 1. Két qua tinh toan ASnNRs khi thay doi N khac nhau

N 6 7 8 9 10
Eg(eV) 0,36 0,42 0,24 0,25 0,28
Ep(eV) -51,8 -58,6 -65,4 721 -78,9
Mag (is) 0 0 0 0 0
Buckl (&) 0,89 0,86 0,87 0,86 0,85
sn-sn(A) 2,82 2,82 2,82 2,84 2,84

Céu trac ving ning luong cua Sn déc trung boi cac e quy dao dién tir Sn_Ss,
Sn_5p va Sn_4d va H_1s duoc bicu dién thong qua gian do BAND va mat d6 trang thai
dién ta PDOS (hinh 3).
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Hinh 3. Cdu trdc viing BAND va trgng thai PDOS cia ASANR véi N = 6

Khi d6 cac e quy dao Sn_5px chiém nhiéu ¢ day ving dan va dinh ving hoa tri
xung quanh mic fermi (tir 3eV dén -2eV), cac e quy dao Sn_5py va Sn_5pz nam ¢ dinh
ving hoa tri nhung c6 ning luong yéu, cac e Sn_5s rat manh nhung tap trung ¢ day ving
hod tri, cac e quy dao Sn_4d va H_1s ciing ¢6 nang luong yéu, lic nay Eg khoang 0,36eV
véi chi s6 dimer N = 6.

Khi hap phuy, cac dién tir quy dao caa nguyén ta halogen, nhu truong hop Br gom
c6 Br_4s, Br_4p va Br_3d (hinh 4), cac e quy dao nay dong gop vao mat do cac e quy
dao Sn_s va Sn_p sau khi chiing c6 su twong tac, trao d6i dién tich giita cac orbital. Két
qua tir OUTCAR file cho thdy mat do dién tich cia Sn_p thay d6i 16n tir 1,64 /A3 thanh
1,74 e/A3 va Sn_d c6 thay d6i nho tir 0,09 e/A3 thanh 0,1 e/A® va Sn_s khéng thay doi
nhiéu. D6 1a Iy do cac mic niang lugng Sn_px dang cao tir dinh ving hoa tri chiém muc
fermi, lam cho vat liéu pha tap SnH_Br tr¢ thanh vat liéu ban kim loai.
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Hinh 4. Cdu trdc ving BAND va trgng thai DOS cia ASnNR pha tap Br(T), N =6

Két qua tinh toan trén cac nguyén t6 nhém halogen cho thay, tat ca cac truong hop
deu c6 nang lugng hap phu vat Iy AE sau khi pha tap thap nhat, két hop v6i trang théi
céu trac bén nhat (H) voi ba trang thai dugc quy udc (L la trang thai ma cau trac pha tap
bi v& so vdi ban dau; M ciu triic tam 6n dinh, van c6 bién dang; H 1a trang thai bén
ving, 6n dinh so v6i ban dau) s0 v6i cac vi tri hollow (H), bridge (B), valley (V), top (T)
van 1a vi tri ¢6 ning lugng thap nhat, cdu trac bén vimg toi uu nhat trong cac truong hop.
Mat khac, chi ¢6 F (Flo) 1a dai dién cho nhom halogen, sau khi pha tap vdi ASnNR ¢6
momen manh tir rd rét, manh nhét tai top con cac nguyén t6 khac nhu Cl, Br, I ¢6 tir tinh
nhung tuong dbi yéu.
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Bdng 2. Két qud tinh toan khi halogen hap phu bé mat ASnNR
tai vi tri top, valley, bridge va hollow

TF V_F B F H F
SnH (eV) -52,25 -52,25 -52,25 -52,25
F (eV) -0,67 -0,65 -0,63 -0,66
SnH_F (eV) -47,96 -50,11 -56,56 -54,00
AE (eV) 4,96 2,79 -3,67 -1,08
Mag (us) 2,45 1,73 1,81 -0,49
Structure states H H L H
T CI V_CI B _ClI H_CI
SnH (eV) -52,25 -52,25 -52,25 -52,25
Cl (eV) -0,30 -0,29 -0,29 -0,29
SnH_CI (eV) -57,70 -55,34 -55,29 -55,25
AE (eV) -5,15 -2,79 -2,74 -2,70
Mag (us) 0,1 0,1 0,1 0,1
Structure states H M L L
T_Br V_Br B _Br H_Br
SnH (eV -52,25 -52,25 -52,25 -52,25
Br (eV) -0,32 -0,32 -0,32 -0,32
SnH_Br (eV) -61,18 -61,29 -61,16 -61,34
AE (eV) -8,60 -8,72 -8,59 -8,77
Mag (us) 0,1 0,1 0,1 0,1
Structure states H L L L
T I V_I B I H I
SnH (eV) -52,25 -52,25 -52,25 -52,25
I (eV) -0,54 -0,54 -0,54 -0,54
SnH_I (eV) -54,43 -54,55 -54,42 -54,57
AE (eV) -1,64 -1,76 -1,63 -1,78
Mag (us) 0,2 0,1 0,1 0,1
Structure states H L L L

4. Két luan

Bang cach 4p dung phuong phap DFT céc tinh chat vé cdu truc, dién va tir cia
stanene dugc xac dinh khi diéu chinh chi s dimer. Khi hap phu céc nguyén t6 nhom
halogen, tat ca cac vat liéu méi déu mang tinh kim loai. Tinh chét tir tinh cua vat liéu sau
pha tap ciing dugc xac dinh chinh xac, hiéu qua nhat van 1a F, dinh hudng cho nghién
ctru thuc nghiém vé cac loai cam bién khi, thiét bi tir tinh trong tuong lai.
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