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TOM TAT

Bai b4o nay khao séat kha niang hap phu chat khi cua borophene don 16p théng qua viéc
pha tap vao lop borophene nay mot nguyén tir kim loai. Phuong phap nghién ciru dugc sir
dung la tinh toan mé phong bang ly thuyét ham mat d6 (DFT) théng qua géi thu vién dMol3.
Trong bai da tinh toan dugc ning luong hap phu chat khi ciia borophene nguyén thay va
borophene pha tap cac kim loai khac nhau. Qua d6 cho thiy borophene khi dwoc pha tap
nguyén tir kim loai chuyén tiép c6 kha nang hap phu chét khi t5t hon borophene nguyén thuy.
Diéu nay lai khong dung véi cac kim loai kiém va kiém tho. Pay 1a mot tinh toan mé phong
mang tinh dinh huéng cho cac nghién ctu tng dung lién quan dén ché tao cac cam bién chat
khi doc hai.

Tur khoa: Borophene don 16p, DFT, dMol3, nang luong hap phu, cam bién chat khi.

1. MO DAU

Viéc phat hién céc chat khi doc hai ngay cang tré nén can thiét, dic biét trong céc nganh
nhu méi trudng, gidm sat chat lwong khéng khi trong nha, trong ndng nghiép, trong cong
nghiép va trong cac ham mo. Khdng phét hién kip thoi cac khi doc co thé gay ra nhitng anh
huéng nghiém trong dén co thé con ngudi [1]. Do d6, viéc phét trién ra cac thiét bi co thé phét
hién kip thoi cac khi doc hai ngay cang tré nén quan trong. Diéu d6 din dén viéc tim ra vat
liéu cam bién khi doc co do nhay cao, gon nhe va on dinh la didu cuc ky can thiét. Cho dén
nay, c4c vat liéu sir dung cho cac cam bién khi van chua yéu 1a céc vat liéu dang ran. Tuy nhién,
cac nha khoa hoc ludn mong muén nang cao ty Ié giita bé mat tiép xdc va thé tich vat rin dé
phét trién cac vat liéu cam bién tét. Diéu nay cho thiy vat lidu 2D hoan toan cé thé dap ung
yéu ciu dé tro thanh cac vat lidu cam bién tét. Do do, vat liéu 2D ciing da va dang thu hat su
guan tdm nghién ctru cua nhiéu nha khoa hoc trén thé gidi boi nhiing tinh chit vo cung doc
d4o cho thay tiém ning (g dung trong céc thiét bi chuyén d6i nang lugng va dién tir & thé hé
tiép theo [2, 3]. Do dic tinh bé mit tiép xdc 16n trong cac vt liéu 2D, su hap phu cac chat khi
I&n bé mat vat liéu 2D c6 kha ning s& t6t hon dan dén vat liéu dat hiéu suat cam bién cao hon.
Céc chét khi bi hap phu c6 thé trao ddi dién tich giira chat hap phu va chét bi hap phu gay anh
huéng dén tinh chat dién tir cua vat liéu [4].

Viéc tach thanh cdng graphene (cau tric t6 ong 2D cua Carbon) da mé ra mot co hoi dé
nghién ctu cac vat liéu 2D khac [5]. Graphene c6 bé mat dién tich I6n va do dan dién cao do
d6 mot tuong tac nhé véi moi truong ciing c6 thé tao ra nhimg thay doi 16n vé tinh chit cua
n6. Cac dic tinh dién tir cua graphene c6 thé bi thay ddi théng qua trao ddi dién tir véi phan tir
khi bi hap phy, nén n6 c6 thé sir dung dé lam cam bién khi. Tuong tu d6i véi mot sb vat lidu
2D khac nhu germanene, silicene, phosphorene, stanene, boron nitride, nhom nitride, arsenene,
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antimonene, ... ciing dugc quan tdm nghién ctru véi muc dich tim ra ing dung caa ching trong
viéc phét trién vat liéu cam bién khi hiéu qua hon [6, 7].

Mannix va cong sy di thanh cong tong hop dugc mot 16p borophene trén nén Ag trong
moi truong chan khdng cuc cao mé ra mot hudng nghién ciru méi cho cac nghién cau vat liéu
2D [8]. Liu va cong sy da thuc hién tinh toan dua trén phuong phéap phién ham mat d6 (DFT)
su hap phu cua mét sé chat khi chon loc trén nén borophene don 16p va cho thy tiém ning
cuia borophene trong viéc phat trién vat liéu cam bién khi [9]. Cac dic tinh cam bién khi cua
borophene ciing dwoc Shukla va cong su xac nhan mot 1an nira thdng qua thuc hi¢n tinh toan
dua trén phuong phap Ham Green khong cén bang (N EGF) [10]. Gan day, Weihua Wang va
cong su ciing thuc hién tinh toan su hap phu ctia nguyén té oxy Ién borophene don 16p ¢6 pha
tap cac kim loai nhom (Al), bac (Ag) va vang (Au) [11]. Tuy nhién, cong trinh cua cac tac gia
nay khong di sdu vao nghién ctu kha nang cam bién chat khi ma nghién ctu kha ning mo
rong ving cam cua borophene don 16p. Sengupta ciing c¢6 ¢ong trinh nghién ciu su pha tap
ctia nguyén t6 Li anh huong dén céc tinh chat cua borophene cho thiy vat liéu nay ciing co
tiém nang tng dung trong viéc ché tao pin Li-ion [12]. Ngoai ra, rat it bao co lién quan dén
dic tinh cam bién céac chat khi caa borophene dic biét 1a cac chat khi doc hai.

Bai bao nay trinh bay su nghién ciu ly thuyét dya trén tinh toan mé phong biang DFT
cho su hap phu khi cia borophene don 16p pha tap cdc kim loai. Ching t3i dy doan rang s&
ma rong duoc kha nang hap phu khi cua borophene khi pha tap kim loai va tim ra dugc nguyén
t6 kim loai pha tap t6t nhat vai borophene, gilip mé ra trién vong cho cac nghién ctru tng dung
nham phat trién vat liéu cam bién chét khi doc hai hiéu qua hon.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru duoc thuc hién bing cach tinh toan mo phong bang Iy thuyét ham mat do
Density Functional Theory (DFT) véi su tro gitp cia phan mém Material Studio voi module
dMol3 [13]. DMol3 cho phép xay dung Mau ciu trac dién tir va niang luong cua phan ti, chat
rin va nang luong bé mat. Phan mém nay sir dung ly thuyet DFT. Cac nghién cau c6 thé thuc
hién bao gom: Cac phan tir v co, cac tinh thé phan tir, chat rin cong hoa tri, chat ran kim loai
va bé mat vo han cua vt ligu.

Céu tric borophene don 16p dugc xay dung trudc hét. Sau d6 thuc hién cac tinh toan lién
quan dén céc hé borophene nguyén thuy, borophene — kim loai, borophene — kim loai + chat
khi dé tinh toan cac ning lugng hap phu twong tmg. Céc tinh toan dugc thyc hién bang phwong
phép DFT vai phlem ham twong quan trao di sir dung cua Perdew-Burke-Ernzerhof (PBE)
ctia phuong phap gan ding gradient suy rong (GGA) [14]. Trong cac & nguyén té, mot ving
chan khong 20A duoc thém vao doc theo truc z cta borophene don 16p dé tranh su tuong tac
bién trong tinh toan. Phuong phap smearing Gaussian ciing duoc st dung véi do rong 0.1eV.
Gié tri k-point str dung trong cac tinh toan la 6x6x1 va nang lwgng hdi tu trong cac vong lap
SCF duoc thiét 1ap & mac 10~ %el/.

Hon nita, dé khao sat kha nang cam bién chat khi cua borophene va borophene pha tap
nguyén t6 kim loai, cac tinh toan ning lwong hip phu ciing dwoc thuc hién. Trong dé, ning
lwong hap phu cac chit khi 1én borophene duoc tinh bai cong thic

Ea = Eborophene+khi - Eborophene - Ekhi (1)
Trong d6 Eporophene+knis Eborophene V& Egni lan luot 1a ning lwong téng cua hé
borophene + chét khi, borophene nguyén thay va cua phan tir khi riéng lé.

Déi voi truong hop borophene pha tap nguyén té kim loai, niang lugng hap phu dugc tinh
toan theo cbng thuc

Ea = Eborophene+kim loai+khi — Eborophene+kim loai — Ekhi (2)
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Trong do, Eborophene+kim loai+khis E:borophene+kim loai lan luot 1a nang lwong toan phén
cua hé borophene pha tap kim loai véi chat khi va caa borophene chi pha tap kim loai.

Gia tri nang lugng hap phu cang &m cho thay su cam bién cua hé borophene cang thuan
loi vé mat phuong phap luan. Nghién ciu nay thuc hién véi borophene pha tap cac nguyén to
kim loai thugc chu ky 37tror]g bang tuan hoan (K, Ca, ... Zn) va thuc hién tinh nang luong hap
phu cho cac khi doc phé bién bao gom CO, NO; va H,S.

So dd thyc hién tinh ton ning lugng hap phu ing véi mot phan tir chét khi va mot loai
nguyén t6 pha tap duoc trinh bay ¢ Bang 1.

Bang 1. So do tién hanh tinh ton ndng lwong hap phy Ging voi mot phan tir khi
trén borophene pha tap mét nguyén to kim loai

<Z( Xay dung ciu trac borophene don 16p

© | Thuc hién ti uu hoa cAu tric va tinh toan nang lugng cia hé borophene nguyén thity
% Thuc hién pha tap mot nguyén té kim loai. Téi uu hoa cau tric va tinh toan lai ning
; lugng cua h¢ Eporopnene-+kim 1oai

Z | Cho h¢ borophene + kim loai hip phu mot phan tir khi trén bé mit.

; Tbi wu hoa ciu trdc cua hé. Tinh toan lai nang lugng cua hé Eporophene-+kim toai+khi
E Tinh nang lrgng ctia mot phan tir riéng 1é Eyp;

R | sit dung cong thirc (2) dé xéc dinh nang luong hép phu.

g Thuyc hién tinh toan lai véi phan tir khi khéc va nguyén t6 kim loai pha tap khac.

3. KET QUA VA THAO LUAN
3.1. CAu truc ca borophene nguyén thity

Borophene nguyén thuy chira 2 nguyén tir boron (B) trong 6 nguyén t6. Cau trdc
borophene nguyén thuy khi nhin trén xubng va nhin tr canh bén dugc thé hién trén hinh 1.
Nhin tir trén xubng, borophene nguyeén thuy co ciu trac nhu dang té ong. Tuy nhién, khi nhin
tur bén qua, borophene khong thé hién ciu tric phing nhu graphene ma c6 ciu tric dang vénh,
mot 16p nguyén tir ¢ trén va mot 16p nguyén tir & dusi. Trudc khi thuc hién bt ky tinh toan
nao, borophene nguyén thuy phdi duoc thuc hién td1 uu hoa cdu trac nhu bude dau tién trong
so d tinh toan. Tinh toan cho thiy trong ciu triic toi wu ctia borophene, 16p nguyén ti trén va
dudi c6 khoang cach 0,82A, khoang céch giira 2 nguyén ta 1an can 1a 1,83A, goc giira cac
nguyén tir B trong cau tric nay 1a 102°. Cac tham sé tinh toan duoc trong nghién ciu nay phi
hop Vvéi cac cong bd trude do6 [10, 15]
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Hinh 1. CAu trdc borophene nguyén thity nhin tir trén xuéng va tir canh ngang

Dé thyc hién tinh toan tinh chat cam bién khi cua borophene, 6 nguyen t6 cia borophene
duoc mo rong thanh supercell thong qua hé sé nhan 4x4x1. Piéu nay tao ra supercell cua
borophene gom 32 nguyén tir boron.
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3.2. CO, NO; va H3S trén borophene nguyén thiy

~Nghién ctru true hét duoc thyc hién trén borophene nguyén thiy, nghién cau qua trinh
hap phu géc chat kh[nay trén borophene. Cau truc caa borophene hap phu mot phan ti khi CO
sau khi t6i wu héa cau trac dugc cho bai Hinh 2.
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Hinh 2. Céu trdc borophene hap phu 1 phan tir khi CO nhin tir trén xuéng va tir canh ngang.

Céc ndng lugng hap phu ciia cc chét khi CO, NO2 va H.S duoc tinh dya trén cong thiic
(1). Két qua tinh toan dwgc cho bai Bang 2.

Bang 2. Nang luogng hap phu cia CO, NO, va H,S trén borophene nguyén thay

Chét khi hap phu Ning luong hap phu (eV)
CO -1,222
NO; -1,382
H2S -0,528

Két qua tinh todn cho thay ning lwong hip phu caa 3 chat khi trén borophene nguyén
thity déu mang gié tri am. Diéu nay cho thay borophene c6 kha nang cam bién cac chat khi tét
va rat tiém ning dé trg thanh mot vat lidu cam bién. Ngoai ra, CO va NO, cho thiy su hap phu
kh& manh Ién trén borophene, H,S duoc hap phu & muc trung binh. Kha ning hip phu cia
borophene Ién cac chat khi CO, NO, va H.S c6 thé giai thich mot cach don gian nhu sau: Khi
cac chat khi nay tién dén gan borophene don 16p s& xuat hién sy tron Ian giita cac orbital p cua
nguyén té B (orbital B-p) va orbital p cua nguyén t6 O hozc S (orbital O/S-p).

3.2. Sw hap phu cac chat khi trén borophene c6 gan thém tap chit

D3 c6 nghién ctru cho thay khi pha tap thém nguyén t6 kim loai chuyén tiép vao germanene
gilp vat liéu ndy nang cao kha ning cam bién cac chat khi [10]. Do d6 nghién cttu ¢ day cling
duoc thyc hién tir y tuéng twong tu nhu vay. Tuy nhién, nghién ctru ndy xét tit ca kim loai trén
chu ky 3 caa bang tuan hoan héa hoc, bao gom 12 nguyén té (K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co,
Ni, Cu va Zn). Thuc hién nghién cau qué trinh hip phu caa cac chét khi da thyuc hién & muc trén
Ién borophene pha tap ting loai nguyén t6 nay dé so sanh vai borophene nguyén thity. Hinh 3
thé hién cau trdc cua borophene cé pha tap Fe sau khi hip phu cac chét khi CO.

< )
W

o ¢ $
Yy ”k o oS
f; ) ®
L ©
LL J %
( ‘ C oLl &~
e L Z ¥
¥ ot _Q

Hinh 3. CAu tric borophene c6 pha tap Fe khi hap phu phan tir CO
nhin tir trén xu6ng va tr canh ngang.
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Céc nang lugng hdp phu cua cac chit khi trén nén borophene c6 pha tap thém nguyén té
kim loai duoc xac dinh thdng qua cong thire (2). Bang 3 cho thiy két qua tinh toan niang luong
hap phu (eV) ciia borophene nguyén thay 1én cac chat khi va cac nang luong hap phu chat khi
cua borophene khi pha tap thém cac nguyén t6 kim loai. D6 thi ¢ Hinh 4 duoc trinh bay dé
tryc quan t6t hon cac két qua tinh toan. Chl y riang ning luong hip phu cang &m thi sy cam
bién chat khi cang tot nén truc y cua d6 thi da duoc vé dao chiéu.

Bdng 3. Ning luong hap phu (eV) cia CO, NO; yé HS trén borophene nguyén thuy
va c0 pha tap nguyén t6 kim loai

Pha tap Co NO, H2S
Nguyén thuy -1,222 -1,382 -0,528
K -0,373 -1,195 -0,353
Ca -0,560 -1,322 -0,402
Sc -0,944 -2,467 -0,582
Ti -1,139 -2,623 -0,655
\Y -1,307 -2,598 -1,146
Cr -1,414 -2,283 -1,142
Mn -1,660 -1,048 -0,932
Fe -1,566 -1,975 -0,908
Co -1,664 -1,694 -0,875
Ni -1,758 -2,570 -1,202
Cu -1,632 -1,615 -0,751
Zn -0,604 -1,824 -0,452
s —— O
NO2
% +— H2S
;. 2.0
g . _‘./,./'\\\_
R / _\—1_/\
—0.5
Bare K Ca Sc Ti v Cr Mn Fe Co Ni Cu zn

Nguyén té pha tap
Hinh 4. Biéu do thé hién nang lugng hap phu ciia CO, NO; va HS trén borophene nguyén thiy
va c6 pha tap nguyén t6 kim loai

Dua vao biéu d6 cd thé rat ra duoc mot sb két qua:

- Cac kim loai kiém va kiém tho (¢ day 1a K va Ca) khong giup borophene cam bién
chat khi tot hon. Hau nhu doi véi cd ba chat khi xem xét, gia tri tuy¢t doi nang lugng hap phu
deu giam. Pac biét doi véi chat khi CO, viéc pha tap thém K hozc Ca lam cho borophene cam
bien vai chat khi nay kém di rat nhiéu.

- DAi vsi cac kim loai chuyén tiép, da s6 cac chét nay khi duoc pha tap vao borophene
deu c6 kha nang gia tang sw cam bien khi cua borophene nguyén thuy. Trir mt so truong hop
nhu Mn trong cam bien NO, V{El Zn trong cam bien CO c6 nang luong hap phu cao hon. Ni cho
thay tiém nang dé tro thanh chat pha tap tot cho borophene 2D vi 6 kha néng ho trg borophene
tao dugc cam biéen cac chat khi tot hon.

~ O day, pha tap thém cac nguyén t6 kim loai chuyén tiép lam cho kha nang hap phy cac
chat khi tang 1én. Két qua nay c6 thé 1a do sy anh huong caa orbital d caa cac kim loai chuyén
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tiép 1én ving tron 13n cua orbital B-p va orbital O/S-p. Cach giai thich lién quan dén su anh
hudng orbital d ciing hop ly khi ma cac kim loai kiém va kiém thé khong co orbital d ma chi
c6 cac orbital s. Do d6 kha nang hap phu chat khi cia borophene pha tap thém kim loai kiém
va kiém thd bi kém di.

Nhu vay, két qua tinh toan md phong di phu hop véi du doan ban dau cua tac gia rang
viéc pha tap kim loai c6 thé 1am m¢ rong kha nang cam bién khi ciia borophene va tim duoc
nguyén ti kim loai phi hop hon ca 1a cac nguyén tir kim loai chuyén tiép nhat I1a Ni.

4. KET LUAN

Bai bao di trinh bay mot nghién ciru méi vé tinh chat cam bién khi cua borophene. Trong
d6 nghién ciru dugc qua trinh hap phu khi 18n borophene nguyén thiy va borophene pha tap
nguyén tir kim loai. Nghién ciru cho thay déi véi borophene nguyén thay, tinh chat hip phu
cua cac chat khi theo chiéu huéng NO, > CO > H,S. Khi pha tap kim loai kiém va kiém thé
vao borophene, tinh chat cam bién khi caa borophene c6 chiéu huéng suy giam. Tuy nhién,
khi pha tap cac kim loai chuyén tiép, tinh chat cam bién khi cua borophene lai gia ting, dic
biét 1a d6i v6i nguyén tir kim loai Ni. Cong trinh nay xem nhu gop mét phan vao nghién ctu
{rng dung cua borophene trong cac vat liéu cam bién khi.

Loi cam on: Nghién ctru ndy do truong Dai hoc Cong nghiép Thuc pham TP. H6 Chi Minh
bao trg va cap kinh phi theo Hop dong sb 11/HD-DCT ngay 05/11/2021.
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ABSTRACT

STUDY OF GAS ADSORPTION ON METAL-DOPED BOROPHENE:
DFT SIMULATION CALCULATION

Pham Minh Nguyet
Ho Chi Minh City University of Food Industry
Email: phamminhnguyet261187@gmail.com

This paper investigates the gas adsorption capacity of monolayer borophene through

doping a metal atom in this borophene layer. The research method has been used is DFT
simulation through dMol3 software package. In the article, the gas absorption quality of
primordial borophene and different metal-doped borophene has been calculated. Thereby
showing that borophene doped with transition metal atoms has better gas adsorption capacity
than primitive borophene. The same is not true of the alkali and alkaline earth metals. This
simulation calculation is a guide for applied research related to the manufacture of hazardous
gas sensors.

Keywords: Monolayer borophene, DFT, dMol3, adsortion energy, gas sensor.
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