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Nghién ciru dnh hwong cuia it libu dé 0-3i0, dén kha nang hap phu khi CO
cua graphene bang tinh toan mo phong ly thuyet phlem ham mét do
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Tom tit:

Co ché hap phu phan tir khi CO trén bé mat clia graphene tw do va graphene dat trén vt liéu aé a-Si0, (G/Si0,)
duoc nghlen cuu bang phu’o‘ng phap mo phong ly thuyet ham mat do. Két qua tinh toan cho thay sw hap phu khi
CO trén bé mat graphene la hap phu vat ly dién hinh. Cac thugc tinh hap phu cia khi CO trén graphene tw do va
trén G/a-SiO, nhu ning lwgng hap phu, khoang cach hap phu, d§ dai dap u'ng da dwoc tinh toan chi tiét. Két qua
cung cho thay a-Si0, 1a vat li¢u dé c6 thé sir dung délam tang nang lwgng hap phu cia CO trén graphene. Phan tich
cau tric vung nang lu’(rng va mat do trang thai (DOS) da giai thich dwgc nguyén nhan Xuit hién khe nang lwgng
khoidng 51 meV & diém Dirac trong graphene do sy twong tac gitra 0-SiO, va graphene lam pha vé tinh dbi xirng cua
graphene. Sy ¢6 mit ciia 16p vat liéu dé a- -SiO, lam tiang kha nang dich chuyen dién tich giira khi CO va graphene.

Tir khéa: cam bién khi doc CO, graphene, tinh toan mo phong DFT, vat li¢u aé a-Si0,.

Chi s6 phdn logi: 1.3

M6 dau

Nhu cau tim vét liéu nhay khi trong thiét k&, ché tao linh kién
cam bién tmg dung trong kiém soat 6 nhiém khong khi 1a rat cp
thiét [1-3]. Viéc xac dinh kha nang nhay khi cta vat li¢u héip phu
¢ thé tinh ton duoc thong qua mé phong nghién ctru co ché hip
phu cta vat li¢u d6i voi cac loai khi [4-7]. Tir m6 hinh tinh toan
1y thuyét, ching ta xac dinh dugc ban chét cua sy tuong tic gitra
phan tir khi hap phu trén vét liéu hap phu [8-11]. Ngoai tuong tac
tinh dién c6 dién, qué trinh hip phu gitta phéan tir bi hap phu va
vat liéu hip phu & kich thudc phan tir con bi chi phdi boi tuong
tac lugng tir, trong d6 bao gdm trong tac trao doi va twong quan.
Khi tinh todn ning lwong trong quan, cac nghién ciru gan day vé
hap phu khi d4 chi ra ring, twong tac van der Waals (vdW) dong
vai trd chi yéu [9, 11, 12]. Dé bao ham dugc cac tuong tac kha
di thi su hép phu cua cac phan tir khi don 1€ trén vat liéu nhay
khi dugc danh gia mot cach hiéu qua bang cac phuong phap mo
phong luong tir dya trén 1y thuyét phiém ham mat do (DFT)
[13, 14], mot trong nhitng phuong phép wu viét hién nay trong
nghién ctru md phong tinh cht ciia vat liéu. Nghién ctru ciia Tao
va Rappe (2014) [15] d chi ra ring, ning luong hap phu trong
hap phu vat 1y khi két hop mo phong DFT véi vdW cho két qua
phtt hop v6i thue nghiém. Phiém ham vdW-DF dugc dé xut boi
Dion va cs (2004) [16] 1a phlem ham tuong quan khong cuc b9
dé mo ta twong tac phén tan. Tiép theo do, cic phiém ham trao
d6i dugc bd sung nhu optPBE-vdW, optB88-vdW [17, 18] duoc
t6i wu cho phan tvong quan va vdW-DF2 sir dung ham trao doi
ban cuc bo dé cai thién do chinh xéc trong tinh vdW dbi véi hé
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hép phu vat Iy yéu do Hamada va Otani (2010) phat trién [19].

Trong nhirng ndm gan day, graphene dugc biét dén nhu mot
loai nén tang cam bién carbon méi dé phat hién khi doc trong
khong khi mdt cach hig¢u qua [1, 3]. Graphene 1a vat li¢u c6 tinh
nang uu viét dugc st dyng rong rai va la vat liéu nhay khi c6 tinh
ning cao. Nhiéu nghién ctru thuc nghiém va 1y thuyét cho thay,
cac cam bién ciu tric nano dya trén graphene c6 kha nang phat
hlen khi doc bao gom céc oxit cacbon (CO ) va oxit nito (NO )
& ndng do rat nho thong qua sy twong tac gitra vat liéu s dung
1am cam bién va phan tir khi hp phu [20-22]. Cam bién lam tir
graphene c6 kha nang phat hi¢n nhling thay d6i rat nho khi mdi
phan tir khi twong tac v6i bé mit graphene [21], cic phan tir khi
bi hép phu lam thay d6i cuc bd nf“)ng d6 cta cac hat tai, dan dén
su thay doi dién tro. Hé ghép graphene véi mot loai vat liéu ding
1am dé phi hop duoc ky vong c6 tinh ning hap phu v6i do nhay,
d6 chon loc cao hon hé graphene don 1é thuan tay [8, 23-25].
Dé tim vat ligu dé thich hop cho linh kién cam bién nhay khi thi
viéc nghién ctru co ché hip phu cac phan tir khi 1a rat can thiét.
Tuy nhién, viéc nghién ciru co ché hap phu trén graphene con
chua c6 tinh h¢ thong, dac biét 1a trén cac hé graphene ghep voi
cac vat ligu dé tiém nang cho thiét ké linh kién cam bién. Trong
nghién ctru ndy, chung t6i khao sat hé vat liéu graphene va vat
ligu dé a- Si0,. Pé a- Si0, duoc lua chon boi trong thuc nghiém
graphene da duorc ché tao thanh cong trén loai vat lidu dé nay
[26 27]. Thém vao do, a-SiO, la mot trong nhiing vat li¢u aé
tiém nang dang duoc tim hleu vé kha nang nang cao do nhay
cua vat liéu trong hap phu khi [8, 28]. Chét khi ding dé khao
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Abstract:

The adsorption mechanism of CO gas molecule onto the
surface of free-standing graphene and graphene on the
a-SiO, substrate is studied using the density functional
theory. CO molecule is found to be physically adsorbed
on the graphene surface. The adsorption properties of CO
gas on free-standing graphene and graphene/o-SiO,, such
as adsorption energy, adsorption distance, and response
length, are calculated in detail. a-SiO, has been found as
a good substrate to enhance the adsorption energy of CO
onto graphene. The electronic band structures and density
of states (DOS) analysis results show that the interaction
between a-SiO, and graphene breaks the symmetry of
graphene and a tunnelling bandgap occurs at the Dirac
point. 0-SiO, substrate modifies the electronic band
structures of free-standing graphene and opens a narrow
bandgap of 51 meV. The calculated charge transfer data
suggest that the presence of a-SiO, enhances the charge
donation of CO molecule to the graphene surface.

Keywords: CO gas sensing, DFT calculations, graphene,
a-SiO, substrate.
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sat [a CO, mot khi doc trong khong khi. Khi ¢ néng d6 nho co
100 ppm, CO ¢6 thé gdy nguy hiém dén strc khoe va de doa tinh
mang con nguoi [29].

Cac nghién ctru thyc nghiém va ly thuyét trude ddy di chi
ra rang, sy bién doi tinh chat dién tir ciia graphene trén nén dé
0-Si0, nhu viéc m¢ rong ning 1u’Q’1}g ving cam va giam tinh
linh dQng cua dién tr khi (}fét Erén de Sio, [30-34']. Mac du da
¢6 nhi€u tinh toan ly thuyét dé giai thich tinh chat dac biét cua
graphene hép phy trén dé o- SIO (G/S1O ), nhung cho dén nay
van chua ¢6 co ché 15 rang vé ban chat cua h¢ vat liu ghép nay
cling nhu con rét it cong trinh cong b6 vé co ché hap phy ciia khi
doc nhu CO trong khong khi trén bé mit hé vt liéu nay. Trong
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s cac nghién ctru da cong b, dang chu ¥ 1a nghién ciru CO hip
phu trén graphene tu do ctua O. Leenaerts va cs (2008) [5], da
chi ra 3 dinh huéng khac nhau ciia phan tir CO khi hép phy trén
bé mat graphene dan dén sy khac nhau vé lugng dién tich dich
chuyén dua trén mo6 phong DFT voi phiém ham GGA-PBE. Tuy
nhién, cac kha ning dinh hudng khac cia CO ciing nhu khdo
sat voi cac bd phiém ham khac nhau trong mé phong DFT chua
dugc khao sat day du dé danh gia va 1am 16 co ché CO hép phu
trén bé mit graphene. Trong cong trinh nay, cAu tric hé phirc
hop cua CO va G/SiO, duge t6i wu thong qua cac mo phong
tinh toan luong tt, dua trén cong cu co the khao sat nhidu kha
nang dinh huéng CO trén graphene, bao gdm cac vi tri va goc
quay ctia CO dinh huéng trén bé miat graphene. Sir dung cac bo
phiém ham DFT khéc nhau, qua trinh hap phy khi CO trén G/
Si0, dugc danh gia thong qua cac dai luong dac trung cho kha
ning hap phu, nhu ning lwong hap phy, sy dich chuyén dién tich
va d¢ dai dap ung.

Phuong phap nghién cuu

Toan b0 tinh toan dya trén ly thuyét phiém ham mét do DFT
dugc thyc hién trén phan mém mo phong VASP (Vienna Ab
initio simulation package) [35-38], su dung phuong phap PAW
(projector-augmented wave) dé biéu dién ham song dién tir cta
hé. Do twong tic vdW dong vai tro dang ké trong hé hip phu
va vit lidu ghép graphene trén vat liéu dé, hiéu chinh tuong tac
vdW dugc dua vao tinh toan thong qua phiém ham trao doi -
twong quan [17, 18]. Ciu tric hlnh hoc cua graphene va a-SiO,
dugc xay dung dua trén céc sb liéu thuc ngh1em [39, 40], mlnh
hoa trén hinh 1. Graphene duoc dit trén bé mat Si0,, tiép xuc
mat phan cuec Silic (Si) cua dé a- -Si0, v6i 3 lop Si. Khoang cach
ban dau giira 2 16p vat lidu nay duoc thiét ké 1a 3 A. Cau tric
hinh hoc cua h¢ khdo sat dugc xay dung dua trén mot supercell
¢6 tinh tuan hoan don 16p véi chiéu z c6 khoang cach du 16n
(mot 16p chan khong khoang cach 13 20 A) dé loai trir cac tuong
tac c¢6 kha nang xdy ra gilia cac 16p vét licu. H¢ 6 mang co s&
cua G/Si0, duge xay dung theo mo hinh slab, cac nguyén tir Si
¢ day duoc thy dong hoa boi cac nguyén tir H. Hé nghién ciru
hip phu bao gdm mot siéu 6 mang 4x4 cia mang co so G/SiO,
kém theo phan tir khi CO bi hap phu 0 trén bé mat. Trudc khl
khao sat kha ning hip phu khi CO, cau tric dién tir cua h¢ G/
SiO, dugc tinh todn chi tiét. Nang luong E V2 s6 luong diém
K trong khong gian mang dao dugc toi uu chon lya phu hop cho
hé vat lidu dé dat duge do chinh x4c va dam bao thoi gian tinh
toan. Nang luong cutoff 600 eV trén bo ham co s¢ song phang,
luéi cac diém K-point 6x6x1 va 12x12x1 dinh tam tai diém T
(gamma) dugc lan luot sir dung [41] cho céc tinh toan tdi wu
nang lugng va tinh mat d¢ trang thai.

Cau trac tbi uu ciia hé heterostructure G/SiO, ciing nhu cau
hinh hap thu wu tién CO/G/SiO , trong nghién ctru nay duoc khao
sat mot cach c6 hé thong bing ky thudt scanning dua trén cong
cu phan mém Computational DFT-based nanoscope [42-45].
Céc cAu trac cuc tiéu nang luong s€ dugc xéac dinh, cung véi do
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Hinh 1. Ciu triic 6 mang co's¢' ciia graphene (A); a-SiO, (P3,21) hinh
chiéu tir trén xuong (B) va chiéu tir canh bén (C); ciu truc siéu 6 mang
khi dit graphene trén a-SiO, (D). Si: mau xanh; O: mau d6; C: mau nau.

1a khoang cach t6i wu cua 2 16p vt lidu graphene va dé a- Si0,

cling nhu khoang cach tir phan tir khi den bé mdt graphene. Quy
trinh scanning dugc sir dung dé tim céu hinh t5i wu c6 thé md
ta nhu sau:

- D6i voi hé graphene trén é a- Si0,: don 16p graphene ban
dau dugc dat trén dé a- -Si0, ¢ khoang cach 3A, sau d6 thuc hién
phep tinh tién theo hai chleu X va y clia bé mit. Sau khi tim dugc
cau hinh nang lugng cuc tiéu theo phuong xy, don 16p graphene
dugc dich chuyén theo chiéu z dé t6i wu vé khoang cach gitra 2
16p vat liéu nay.

- Pbi v6i ti wu khi CO trén bé mit graphene: phén tir khi CO
dwoc dit trén bé mat graphene ¢ khoang cach 2,7 A va thyc hién
dong thoi phép tinh tién theo phuong xy va quay quanh tam kh01
cua phan tir khi CO dé x4c dinh cdu hinh co nang lugng cyc tiéu.
T cdu hinh d6, phan tir CO dwoc dich chuyén theo chiéu z dé
tim vi tri toi wu, déng thoi x4c dinh dugc do dai dap ing va ning
lugng hép phu cta CO trén bé mit vét liéu hép phu.

Ning lugng hap phu dugc tinh toan dya trén viée khao st
cac tuong tac ¢ dong gop tir trong tic vdW thong qua 3 phiém
ham vdW 1a revPBE-vdW, optPBE-vdW va vdW-DF2 [17, 18,
46]. Vé ly thuyét, nang luong tong cua hé vét liéu G/SiO, bao
gom nang lugng tuong tac vdW va nang lugng dan hoi, trong do
twong tic vdW chiém wu thé. D4i v6i hé hap phu khi, bang viéc
stt dung cong cu Computational DFT-based nanoscope, nang
lugng hap phy dugc tinh bing cong thirc nhur sau:

adsorption = Ecumplex - (Egas + Eabsurbent)
13 nang lugng tong cta hé khi hip phu trén bé

la nang luong cua chét khi va E, . landng

Trong do: E,
mat vat li¢u, Bi
lugng cua vt 11eu hap phu.

lex

Bang phuong phap phan tich phan l?é dién tich bader dugc
thuc hién trong thuat toan dugc phat trién boi Henkelman va cs
(2006) [47], su dich chuyén dién tich gitta khi CO va vat liéu hap
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phu s& dugc danh gia va phan tich chi tiét. Theo phuong phéap
phan tich dién tich bader, mat d dién tich ctia phan tr hay chat
ran dugc phan chia cho timg nguyén tir riéng 1¢ sir dung bé mit
thong luong hai chiéu, trong do mat do dién tich vudng goc v6i
bé mit la cuc tiéu. Do vy, dién tich nam trong thé tich bader 1a
mot gia tri gn dung voi tong dién tich cua nguyén tir. Sy phan
bé dién tich c6 thé duge st dung dé xac dinh moémen da cuc cia
cac nguyén t hoac phan tir twong tac.

Két qua va thao luan
Ciu tritc h¢ G/SiO,

Céu tric hinh hoc va tinh chét dién tir cia vét ligu don 16p
graphene va vt liéu khéi Si0, duoc khao sat truge khi tinh toan
mé phong vét liéu ghép G/SiO,, Hing s6 mang cua vét lidu
khéi Si0, tinh duoc bang phu’O’ng phap revPBE 1a a=b=4,912
A; =5 404 A, twong dong voi gia tri hiang sé mang thuc
nghiém (4,913 A va 5,405 A [40]). Cau tric a-SiO, su dung
trong nghién ctru nay thudc pha cau tric P3,21, hé tlnh thé tam
phuong (trigonal) (hinh 1B, 1C). Hang s0 mang tinh dugc cua
1x1 graphene 1a 2,468 A. Khi dat 2x2 graphene Ién trén bé mit
(0001) cua a- Si0,, d9 1¢ch thong $0 mang dugc tinh theo cong
thirc sau:

2a6-asio,

E= ~ 0,48%

asio,

Trong do ¢ la do léch thong ) mang, a . va aSzoz lan luot 1a
hing s mang ciia 6 mang co so cua grapheme va 0-Si0,. Gia
tri nay twong d6i nho, dan dén hidu ing cang anh erorng 1én
tinh chat dién cua graphene dugc loai bo. Két qua khao sat cdu
hinh ti wu cta don 16p graphene khi dat trén bé mit 0-Si0,
duge md ta trén hinh 2A. Cau tric cyc tiéu ning lugng duoc
xdc dinh thong qua viéc tinh todn nang luong céc cau hinh khi
di chuyén graphene trén bé mat 0-Si0, theo céc chiéu X va Y,
trong do X, Y 1a céac toa d¢ ty 1€ cua vector siéu 6 mang st dung
trong md phong. AE 1a d6 léch nang luong giita cac cdu hinh ¢
cac vi tri khac nhau (meV). Sy thay d6i mau sic mo ta do 1éch
nang luong, ving t6i mau tuong tmg ving hé vat liéu bén viing
vé nang luong; nguoc lai, ving mau sang tuong g véi cac ciu
hinh it bén hon. Hinh 2A md ta d¢ léch nang lugng khi quét cac
vi tri khdc nhau cia graphene trén bé mat 0-Si0, trong mot 6
mang co s¢ & khodng cach 3 A. Vi tri cuce tiéu nang luong cuc
b6 twong tmg véi AE=0 meV. Str dung cau hinh cuc tiéu cuc bo
nang lugng khi di chuyen graphene trén mat XY cua SiO, nay,
hé vat liéu ghép G/SiO, tiép tuc duoc t01 uu hoa dé tim cau hinh
bén nhét bang viéc tlm khoang cach i uu gitra 2 16p graphene
va Si0, thong qua viée dich chuyén 16p graphene theo chidu Z
ciao mang Hinh 3 mo ta cu trac hinh hoc ti wu cia hé G/ Si0,.

Khoang cich t6i wu giita 16p graphene va 16p nguyén tur Si gan
nhét phu thugc vao 3 bg ham khac nhau ctia thé tuong tac vdW 1a
1evPBE-vdW, optPBE-vdW va vdW-DF2 (hinh 2B). Két qua chi
ra, voi phiém ham revPBE, optPBE, DF2, khoang cach t6i wu
thu duoc 1an lwot 12 3,672 A, 3,446 A, 3,525 A. Trong do, phiém
ham DF2 cho két qua gan nhat v6i thuc nghiém (3,56 A) [26].
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Hinh 2. (A) Bé mait nang lwong 3 chidu ciia h¢ G/SiO, trong 1 don vi 6 mang co s6. X, Y la cac toa do
ty 1€ cta vector siéu 6 mang su dung trong m6 phong. AE 1a 6 1éch nang luong gitra cac c4u hinh & cac
vi tri khdc nhau (meV). Phan déy 1 gian db nang lugng 3 chidu dugc chiéu xubng mét phang XY. D¢ léch
nang luong AE (meV) gilra cdc céu hinh khéc nhau dwoc mé ta qua mau séc va do cao theo phuong vuong
goc voi mit phing XY. (B) Sw phu thudc ciia niing lrong lién két giira graphene va @-Si0, vao khodng
cach giira 2 16p vat ligu véi 3 bd phiém ham vdW revPBE-vdW, optPBE-vdW va vdW—DF2 Truc

hoanh la khoang céch d_ giira bé mat graphene va o- -Sio, (A), tryc tung 13 ning luong lién két Eiiing (eV).

Hﬁ'p phu khi CO trén graphene/o-
Si0,

Cadu triic hinh hoc va ning hrong
hap phu:

Khi khao sat vi tri ¢6 kha nang hip
phy, cac nghién ciru mo phong thuong
tap trung vao 3 vi tri cua khi trén vat
liéu hip phy, bao gom trén dinh (T
- top), cau (B - bridge) va tam (H -
hollow), minh hoa trén hinh 4. Vi tri
trén dinh T 13 vi tri khi hip phu ndm
chinh xac trén dinh mot nguyén tir C
cta 16p graphene. Vi tri cau B 1a vi tri
ma phén tir khi hip phu ndm giita lién
két cong hoa tri cua hai nguyén tu C
cua graphene, vi trf tim H 1a vi tri phan
tir khi ndm chinh gitra tAm cta cdu truc
luc giac déu cia graphene.

(A) (B)

Hinh 3. CAu tric t6i wu ciia h¢ vit li¢u graphene trén dé 0-SiO, véi 3
lop Silic. (A) top view; (B) side view. Si: mau xanh; O: mau do; C: mau nau.

Bén canh viéc mo ta sy phu thudc ning lwong lién két gitra
graphene va a-SiO,, E hindige vao khoang céch gitra chung d, hinh
2B con chi ra ket qua vé do dai dap ung cua h¢ vat heu Khi
khoang cach gitra 2 16p dat toi ¢d 8 A, giita 2 16p khong con
tuong tac, nang lugng lién két tiém can gia tri 0 meV. Két qua vé
khoang cach tdi wu, do dai dap img va nang luong lién két giita
hai 16p vat liéu duoc liét ké trong bang 1. Nang luong lién két co
gia tri 809 meV, 1091 meV va 818 meV tuong g voi 3 phiém
ham vdW khac nhau revPBE-vdW, optPBE-vdW va vdW-DF2.
Gi4 tri ning luong nay cho thiy graphene kha bén viing khi
ghép trén vat lidu dé a-SiO, v6i khoang cach & vi tri can bing
khoang 3,446~3,672 A. Cau trac hinh hoc cua graphene sau
khi ghép trén be mat vét liéu dé o- Si0, khong ¢o sy thay doi,

graphene giit cdu tric phang, chiéu dai hen két C-C la 1,41 A.

Bang 1. CAc thong sb cdu triic & trang thai co' ban va ning lwgng lién
két giita graphene va dé a-Si0,.

Thé vdW/tinh chat revPBE-vdW  optPBE-vdW vdW-DF2  Thuwe nghiém
Khoang cach graphene/

0810,z (A) 3,672 3,446 3,525 3,56 [26]

D9 dai dép tmg (A) 8,252 8,013 8,021 NA

Niing lugng lién két (meV) 809 1091 818 NA

NA: no available.
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Hinh 4. Ba vi tri hip phu khéc nhau ciia CO trén graphene: vi tri T
(top) trén dinh ciia nguyén tir C graphene, vi tri B (bridge) giira ciu
néi ciia 2 nguyén tir C graphene canh nhau va vi tri H (hollow) & giira
tam hinh luc gidc C graphene.

Trong nghién ctru nay, céc vi tri hap phu cua khi CO trén hé
G/Si0, duge tim mot cach c6 h¢ thong, bao gom toan bg khd nang
ma CO ¢6 thé dinh huéng vao bé mit vat liéu bing cach sir dung
cong cy Computational DFT-based nanoscope [42] dé quét kha
nang hép phu CO trén toan bd bé mat vat lidu. Két qua tim céu
hinh t6i wu cta CO hap phu trén don 16p graphene dugc mo ta
trong hinh 5. Céc s6 liéu vé nang luong hap phu, khoang cach hap
phu dugc tong hop trong bang 2. Dé khao sat sy anh hudng cua
é a- Si0, 1én graphene, chung t6i so sanh kha ning hép phu CO
trén don lop graphene khi khong c6 vat liéu dé va CO trén G/ Si0,.

Déi voi vat liéu hip phu la don 16p graphene, két qua tinh toan
cho thédy CO dinh huéng vao bé mit graphene theo phuong lién
két C-O song song voi bé mat graphene va ¢ vi tri hollow cua luc
giac C graphene (hinh 6A, 6B), két qua nay tring hop véi cdu hinh
t0i wu cua CO trén graphene theo tinh todn ciia Leenaerts va cs
(2008) [5]. Trong khi do, véi vat liéu graphene dit trén dé a- Si0,,
CO cuing dinh huéng hép phu theo phuong lién két C-O song song
v6i bé mit graphene. Tuy nhién, phan tir khi CO hap phu ¢ vi tri
ma nguyén tir O ¢ trén dinh nguyén tu C graphene. Hon nira, cdu
truc hinh hoc cta graphene thay d01 cac nguyén tir C graphene c6
twong tac voi khi CO khong con ndm trén cling mét phing véi cac
nguyén tir C graphene ¢ xa phan tu khi CO (hinh 6C, 6D). Lop
graphene trén é o- Si0, khi hip phu khi CO da thay doi cau trac
hinh hoc, cdu triic doi xung ciia bé mat graphene da bi pha vd, din
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Hinh 5. (A) B& mit ning lwgng 3 chidu ciia hé hdp phu khi CO trén
graphene & cdc vi tri khic nhau ciia bé mit; (B) Ning lugng hz‘ip phu
cia CO trén graphene phu thudc khoing ciach cia CO dén bé mit
graphene véi 3 b ham vdW revPBE-vdW, optPBE-vdW va vdW-DF2.
Truc X 1a khoang cach d_cua CO dén bé mat graphene (A), truc Y 14 ning
luong hip phu E, (eV).

(A)

Hinh 6. CAu tric hinh hgc khi CO hép phu trén graphene va CO trén
G/Si0,. (A) sideview va (B) topview ctia h¢ hip phu CO trén graphene;
(©) s1dev1ew va (D) topview ciia hé hip phu CO trén G/ SiO,.

dén su thay d6i cu tric dién tu cling nhu sy phan b6 dién tich
trong 16p vat liéu nay. Cac két qua tinh toan thu duoc vé khoang
cach hép phy t6i uu va nang luong hdp phu CO trén graphene
don 16p va trén G/SiO, v6i 3 bo phiém ham vdW revPBE-vdW,
optPBE-vdW va vdW-DF2 dugc so sanh ¢ bang 2. So voi ket
qua cta Leenaerts va cs (2008) [5] dbi voi hép phu khi CO trén
don 16p graphene, khoang cach hép phu trong nghién ciru nay
nho hon (3.435 A), ning luong hap phu ting dang ké (162 meV).

Céu hinh sau hap phu khi CO trén graphene/a-SiO, cho thay
ning lugng hip phu di tang 14% so véi khi CO hép phu trén bé
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mit graphene tu do, khoang cach hip phu toi wu di giam rd rét, vi
du tir 3,425 A xuong 3,154 A doi véi phuong phép revPBE nhu s6
liéu tinh todn ¢ bang 2. So sanh nang lugng va khoang cach hap
phy, 1 rang vét liéu d€ 0-Si0, da lam tang dang ké kha ndng héap
phu khi CO ctia graphene.

Bang 2. So sanh niing lwgng héip phu, khoang cich hip phu tbi wu ciia
CO trén bé mat don 16p graphene va ciia CO trén bé mit graphene
trén dé a-SiO, khi tinh véi cic by ham vdW khac nhau.

CO trén

CO hélp phu trén graphene CO héip phu trén G/o-5i0,
Thuge tinh G[3]

revPBE  optPBE DFT-DF2  revPBE revPBE  optPBE  DFT-DF2
Khoang cach
dg25-G) (A) 3435 3,234 3418 373 3,154 3120 3,131
Nang lugng
hap phy 162 186 136 13 185 212 163
E  (meV)

Phan tich mat do trang thai DOS va vung nang liwong:

Dé phan tich sy thay dbi cAu truc dién tir cia graphene khi dit
trén dé a- Si0, tic dong dén tinh hap phu cta bé mit vat liéu aoi
Vi phan t kh1 CO, str dung céc cdu tric hinh hoc hip phu téi wu
thu dugc, cac tinh toan phan tich mat d¢ trang thai dugc thyc hién,
két qua thé hién ¢ hinh 7 va 8. Dbi v6i don 16p graphene, gi tri do
réng ving cdm bang 0 meV nhw hién thi trén cau trac ving nang
lugng & diém T trén hinh 7A. Khi ¢6 khi CO hép phu trén bé mat
don 16p graphene (hinh 7B), xuat hién thém dinh DOS ctia khi CO
trong phan b6 mat do trang thai xung quanh muac Fermi. Két qua
phan tich ving ning lugng cho thy, do rong ving cAm di ting
1én c& 5 meV, tuy gi4 tri nho nhung di cho thiy anh huong cua
CO dén cdu trac dién tir cua graphene. Cling v6i sy xuét hién khe
nang lugng ¢ dinh Dirac khi xdy ra hién tugng hép phu, d6 chénh
léch nang luong gitta LUMO (Lowest Unoccupied Molecular
Orbital) (2) va HOMO (Highest Unoccupied Molecular Orbital)
(56) trong phén tr khi CO ciing thay ddi. Pbi voi khi CO tu
do, AE 0. HoMO la 6951 meV, sau khi CO hép phu trén bé mit
graphene, gid tri AELUMO Hovio. 18 6978 meV. Bang phén tich dién
tich bader, két qua cho thay bé mat graphene nhan 0,01 & tir phan
tu khi CO, CO dong vai tro la chat nhuong dién tich. Tuy 56 lugng
dién tich chuyén dich nho, nhung su thay d6i nay dan dén sy thay
doi dién tro ciia graphene su dung dé 1am vat lidu nhay khi trong
thiét ké linh kién cam bién.

Két qua phan tich mat do trang thai va cdu triic ving ning
lugng cua hé graphene dét trén é a- Si0, duge mo ta trén hinh
8. Cudng do ctua dinh DOS tong (mau den) ¢ vung hoa tri trong
khoang nang luong -6,0 eV dén -4,0 eV (¢ dudi mic Fermi)
do phan déng gop chii yéu cua O (mau do) trong a-Si0, va C
graphene. Trong khi d6, cuong dg cua dinh DOS tong 0’ vung
dan trong khoang ning luong tir 2,0 eV dén 6,0 eV (¢ trén mirc
Fermi) do phan déng gop chu yéu ciia Si (mau xanh nude bién)
trong a-SiO, va C graphene. Tuong tac gitra 2 10p vét liéu nay
lam thay d01 cdu trac dién tir cua graphene, phén tich cu tric
viing ning luong trén hinh 8A cho thay, graphene don 16p tir vat
ligu khong ¢6 ving cam tr¢ thanh vét lidu co khe ning lugng
tai diém Dirac 1a 51 meV. Dy 1a nguyén nhan tic dong dén kha
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Hinh 7. (A) CAu triic viing niing lugng theo cic diém M, I, K, M trong khong gian mang diao va mat d¢ trang thai DOS ciia don 16p graphene.
(B) Mt do trang thai DOS ciia h¢ hap phu khi CO trén don 16p graphene tw do (khi khong dit trén de o-SiO,).

Qo —— C —— Téng s6
Si
1] —
20 40 60 O 20 40 60 O 20 40 60
DOS (1/eV) DOS (1/eV) DOS (1/eV)
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Hinh 8. Céu triic ving ning lugng theo cic diém M, T, K, M trong khong gian mang dio va mat do trang thai (DOS) ciia graphene/a-SiO,. (A)
Cau tric vung ning lugng theo cac diem M, I, K, M; (B) DOS cua a-SiO,, 16p Si ¢ dudi duge trung hoa dién tich béi cac nguyén tir H; (C) DOS cua

graphene; (D) DOS téng cua hé graphene/a-SiO,.

ning hap phu khi CO ctia graphene boi sy c6 mit cua dé 0-Si0,.

Két qua phan tich sy chuyén dich dién tich bader cua hé
hép phu khi c6 dé a-Si0, cho thdy phan tir khi CO chuyén
0,012 & sang bé mat graphene. So v6i hé hap phu khi khong
dat graphene trén dé a-Si0,, gia tri dién tich trao doi da tang
20%. Do d6, dua trén két qua tinh toan vé nang lugng hap
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phu va su chuyén dich dién tich da cho thdy vat lidu a-SiO,
lam tang tinh chat nhay khi CO ctia graphene.

Str dung céc tinh toan mo phdéng lugng tir dya trén ly
thuyét phiém ham mat do, cdu trac hinh hoc va dinh hudng
t6i uu cia khi CO hap phu trén bé mit graphene va graphene



dat trén dé 0-SiO, da duge nghién ciu chi tiét v6i cac phiém
ham vdW khac nhau. CO hap phu trén bé mat graphene dinh
huéng song song v6i bé mit va ning lwong hip phu 1a 162
meV khi tinh véi ham revPBE, dién hinh cho hién tuong
hap phu vat ly. Kha ning chuyén dich dién tich tir khi CO
sang graphene da dugc phan tich thong qua tinh toan di¢n
tigh bader. Su wcc') ngét cua lop vat lidu dé a-Si0, tac dong
dén sy thay doi cau trac dién tir cua graphene, lam ting
kha niang hap phu ctia graphene (ning lwong hap phu khi cé
a-Si0, la 185 meV) cling nhu tang kha nang dich chuyén
dién tich gitra khi CO va graphene. Cu thé, khi CO chuyén
0,012 é sang bé mat graphene khi 96 mat dé a-Si0,, trong
khi do6 véi graphene ty do CO chuyén 0,01 & sang graphene.
Nguyén nhan chinh din dén sy anh huéng nay 1a do tuong
tac gilta a-SiO, va graphene lam thay dbi tinh ddi xtmg cua
graphene, dan dén thay doi do 1on vung cam c¢& 51 meV
ctia graphene. St dung dé a-Si0, lam tang do nhay dbi véi
CO cua graphene, tuy gia tri tding nho, nhung diéu nay co y
nghia ddi véi su lva chon vat liéu dé cho graphene khi thiét
ké céc linh kién dung lam cam bién khi doc CO.
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