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Tom tit:

Co ché hip phu phan tir khi CO trén bé mit ciia graphene tw do va graphene diit trén vt lidu dé a-Si0, (G/Si0,)
duge nghlen ciru bing phu‘o’ng phap md phéng Iy thuyét ham mat 9. Két qua tinh toan cho thiy s hap phu khi
CO trén bé mit graphene I3 hap phu vt ly dién hinh. Cac thudc tinh hip phu ciia khi CO trén graphene tr do va
trén G/a-SiO, nhw ning lugng hap phy, khoiing cich hip phy, d¢ dai dap umg da dwgc tinh toan chi tiét. Két qua
cung cho thay a-Si0, 1a vit ligu dé c6 thé sir dung dé 1am ting ning lwgng hip phu ciia CO trén graphene. Phin tich
cdu tric ving ning hm'ng v mat d¢ trang thai (DOS) di giai thich duge nguyén nhén xuét hi¢n khe niing lrgng
khoing 51 meV & diém Dirac trong graphene do sy tuong tac giira a-SiO, va graphene 1am pha v& tinh d6i xirng ciia
graphene. Sy c6 mit cia 16p vit li¢u dé a-Si0, lam ting kha ning dich chuyen di¢n tich giira khi CO va graphene.

Tir khéa: cam bién khi dgc CO, graphene, tinh toan md phong DFT, vit li¢u dé a-Sio,.

Chi sé phén logi: 1.3

Md dau

Nhu ciu tim vat liéu nhay khi trong thiét ké, ché tao linh kién
cam bién ( mg dung trong kiém soét nhiém khong khi la;1 rt cﬁp
thiét [1-3]. Viéc xac dinh kha nang nhay khi ciia vt liéu hap ;})] u
¢6 thé tinh toan dugc thong qua mé phong nghlen clru co cl;le ap
phu cua vét liéu dbi véi cac loai khi [4-7]. Tir mé hinh tltn toaz
ly thuyét, chiing ta xéc dinh dugc ban chét cua st tuom% 4c gltgc
phén tir khi hap phu trén vét liéu hép phu [8-11]. Ngozz um;]g é
tinh dién c6 dién, qué trinh hép phu glua phan tir bi abp pt 1:’ na
vét liéu hdp phu & kich thudc phén tir con bi chi phon & uuang
tac lugng tir, trong do bao gom tuong tac trao doi va tucngd(; "
Khi tinh toan néng lurgng twong quan, cac nghién (;lru gda\r{, ) d}:’ ’
hap phu khi da chi ra rang, tuong tac van der Waa ts (v )¢ khg
vai tro chu yeu [9, 11, 12]. Pé bao ham dugc cac uornlg o
di thi sy hip phu cua cac phan tir khi don le trén vat |e]:1 y
khi dwgc danh gia mot cach hiéu qua bang céc phu‘omgd p aDp [!'1'11*(;
phong Iugng tir dva trén ly thuyet phlem ham }Tat 0 (trorl
[13, 14]. mdt trong nhimg phuomg phép wu viét hien nay Tag
nghién ciru mo phong tinh chét cua vat ligu. Nghle;: cmruhcuz: T
va Rappe (2014) [15] da chi ra ring, ning lucm%i Waphp Eetr uﬁ
hép phy vat Iy khi két hop mé phong DFT véi \é (ij 0 ua[% i
phii hop véi thuc nghiém. Phiém ham vdW-DF lr(]r(ch € x i
Dion va cs (2004) [16] Ia ph:em ham tuong quan onl% cuct
dé mo ta twong tac phan tan. Tiép theo do, cac phl(;r7n ];md rao
dOI duge bb sung nhu OptPBE -vdW, optB88-vdW [h ] léq(_t
t6i uu cho phin tuong quan va vdW-DF2 sir dung arg trao I?‘
ban cuc b6 dé cai thién do chinh xéc trong tinh vdW doi voi hé
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hap phu vét ly yéu do Hamada va Otani (2010) phat trién [19].

Trong nhimg nam gan day, graphene dugc biét dén nhu mat
loai nén ting cdm bién carbon méi dé phat hién khi doc trong
khong khi mét cach hiéu qua [1, 3]. Graphene 1a vét li€u co tinh
nang wru viét duoc sir dung rng rdi va la vat liéu nhay khi c6 tinh
nang cao. Nhleu nghién ciru thuc nghiém va ly thuyét cho thiy,
céc cam bién cdu tric nano dya trén graphene c6 kha nang phat
hién khi doc bao gdm céc oxit cacbon (CO) va oxit nite (NO )
& nong do rat nho thong qua sy tuong tac giira vét liéu sur dung
1am cam bién va phn tir khi hap phu [20-22). Cam bién lam tir
graphene c6 kha nang phat hién nhimg thay di rit nhé khi mdi
phan tir khi twong tac véi bé mat graphene [21], cic phan tur khi
bi hdp phu lam thay ddi cuc bd nong do cua cc hat tai, din dén
sy thay ddi dién tro. He ghép graphene v&i mét loai vat liéu dung
1am dé phu hop duoc ky vong c6 tinh nang hap phu véi d§ nhay,
d6 chon loc cao hon hé graphene don Ié thuén tay (8, 23-25].
Dé tim vat ligu dé thich hgp cho linh kién cim bién nhay khi thi
viéc nghién ciru co ché hip phu cac phén tr khi la rét can thiét,
Tuy nhi€n, viéc nghién ciru co ché hép phu trén graphene con
chua c6 tinh hé thong, déc biét 1a trén cac hé graphene ghép vai
céc vt lidu dé tiém nang cho thiét ké linh kién cam bién. Trong
nghién ciru nay, chiing t6i khao sat hé vét liéu graphene va vat
liéu dé o-SiO,. Dé 0-St0, dugce lya chon bdi trong thuc nghlem
graphene da duogc ché tao thanh cong trén loai vat lidu dé nay
[26, 27]. Thém vao d6, o-SiO, la mt trong nhitg vét liéu dé
tiém ndng dang dugc tim hiéu vé kha nang nang cao d6 nhay
cta Vit ligu trong hap phu khi [8. 28]. Chét khi diing dé khdo
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Abstract:

The adsorption mechanism of CO gas molecule onto the
surface of free-standing graphene and graphene on the
u-Si0, substrate is studied using the density functional
thenr)}. CO molecule is found to be physically adsorbed
on the graphene surface. The adsorption properties of CO
gas on free-standing graphene and graphene/a-SiO,, such
as adsorption energy, adsorption distance, and response
length, are calculated in detail. 0-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 ¢-SiO, and graphene breaks the symmetry of
graphene and a tunnelling bandgap occurs at the Dirac
point. ©-SiO, substrate modifies the electronic band
structures of i‘ree—standing graphene and opens a narrow
bandgap of 51 meV. The calculated charge transfer data
suggest that the presence of u-SiO, enhances the charge
donation of CO molecule to the graphene surface.

Keywords: CO gas sensing, DFT calculations, graphene,
¢-5i0, substrate.
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sat 1a CO, mot khi doc trong khong khi. Khi o nong do nho ¢
100 ppm, CO ¢6 thé gay nguy hiém dén stic khoe va de doa tinh
mang con nguoi [29].

Céc nghién ctru thue nghiém va ly thuyét trudc day da chi
ra rang, s[r bién dbi tinh chat dién tr cia graphene trén nén dé
u~SiOt nhu viéc mo rong nang luong ving cAm va giam tinh
linh dong cua dién tir khi dat trén dé SiO, [30-34]. Mac du d
c6 nhiéu tinh todn Iy thuyét dé giai thich tinh chat dac bi'ét cua
graphene hap phu trén dé o-SiO, (G/SiO,). nhung cho dén nay
vin chua c cor ché rd rang vé ban chat cua he 'vzjt’liéu ghép nay
cing nhur con rat it cong trinh cong bo vé co ché hap phu cua khi
ddc nhu CO trong khong khi trén bé mat hé vét liéu nay. Trong
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sb cac nghién clru da cong bd, dang chii ¥ 1a nghién ctru CO hap
phu trén graphene tr do cua O. Leenaerts va cs (2008) [5], da
chi ra 3 dinh huéng khac nhau ctia phan tir CO khi hip phu trén
bé mit graphene dan dén su khic nhau vé lugng dién tich dich
chuyén dua trén mo phong DFT véi phiém haim GGA-PBE. Tuy
nhién, cic kha nang dinh hudng khéc cia CO ciing nhu khao
sat véi cac bo phiém ham khic nhau trong mo6 phong DFT chua
duge khao sat day du dé dénh gid va 1am 16 co ché CO hép phu
trén bé mat graphene. Trong cong trinh nay, cdu tric hé phic
hop cta CO va G/SiO, duge t6i wu théng qua cac md phong
tinh todn lugng tir, dua trén cong cu ¢6 thé khao st nhiéu kha
nang dinh huéng CO trén graphene, bao gbm cic vi tri va goc
quay cua CO dinh hudng trén bé mit graphene. Str dung céc bo
phiém ham DFT khéc nhau, qué trinh hip phu khi CO trén G/
Si0, duoc dénh gia thong qua cac dai lugng dac trung cho kha
nang hap phu, nhu ning lugng hap phu, su dich chuyén dién tich
va do dai dap (mg.

Phuong phap nghién ciiu

Toan b tinh todn dua trén ly thuyét phiém ham mat do DFT
dugc thue hién trén phan mém mo phong VASP (Vienna Ab
initio simulation package) [35-38], sir dung phuong phap PAW
(projector-augmented wave) dé biéu didn him song dién tir cua
hé. Do twong tac vdW dong vai trd déng ké trong hé hip phu
va vét liéu ghép graphene trén vat ligu dé, hi¢u chinh tuong tac
vdW duoc dua vio tinh todn thong qua phiém ham trao déi -
trong quan [17, 18]. Cau tric hinh hoc cua graphene va a-Si0,
duogc xdy dung duya trén cic sé liéu thuc nghiém [39, 40], minh
hoa trén hinh 1. Graphene duoc dit trén bé mat SiO., tiép xic
mat pijfm cuc Silic (Si) cua dé a-Si0, véi 3 16p Si. Kf{oang cach
ban dau gidia 2 16p vat ligu nay duge thidt ké 12 3 A. Cau tric
hinh hoc cua h¢ khao sat dugc xay dung dya trén mot supercell
¢o tinh tuan hoan don I6p véi chiéu z co khoang cach du lon
(mot 16p chan khong khodng cach 12 20 A) d¢ loai trir cac trong
tac ¢6 kha ning xay ra gifra cdc 16p vt ligu. Hé 6 mang co so
cua G/SiO, duge xay dung theo mé hinh slab, cdc nguyén tr Si
o ddy duge thu dong héa bai cée nguyén i H, Hé nghién ctu
hap phu bao gom mét sicu 6 mang 4x4 cua mang co s G/SiO,
kem theo phan tur kh'i CO bi hép phu & trén bé mit. Trudce khi
khao sit kha nang hap phu khi CO. ciy triic dién tir coa hé G/
510, duoc tinh toan chi tiét, Nang lugng E_ vé s0 lugng diém
K trong khéong gian mang dao duoc t6i uy éif(l;n lua phii h;p cho
hé vat ligu dé dat dugc dg chinh x4c va dam bao thei gian tinh
toan. Nang luong cutoff 600 eV trén bd ham co s¢ song phang,
i cie diém K-point 6x6x1 va 12121 dinh tam taj diém I
(gamma) duoc lan lwot sir dung [41] ‘ :

> - cho céc tinh toan t6i wu
nang lugng va tinh mat do trang thai,

‘ Cﬁp triic toi uu cua h¢ heterostructure G/Si0, ciing nhur ciu
hinh hap thu uru tién CO/G/SiO, trong nghién ciru nay duge khao
sat mot cach ¢d hé thong bing k§ thuat scanning dua trén cong
cu phan mém Computational DFT-based nanoscope [42-45].

Cdc cau tric cuc tiéy nang luong s& duge xac dinh, cing voi do
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Hinh 1. Céu lruc 6 mang co' 5o ciia graphene (A); a-Si0, (P3,21) hinh
chiéu tir trén xuding (B) va chiéu tir canh bén (C); cu tric sidu 6 mang
khi diit graphene trén a-Si0O, (D). Si: mau xanh: O: mau do: C: miu nau,

la khoang cach tdi wu cua 2 16p vt liéu graphene va dé a-Sio,
cting nhu khoang cach tir phén tir khi dLl] bé mat "mphene Quy
trinh scanning dugce sir dung dé tim cau hinh i wu ¢6 thé mo
ta nhu sau:

- Déi véi hé graphene trén dé ¢-Si0,: don 16p graphene ban
dau duoe dat trén dé -Si0, o khoang cach 3A, sau dé thue hién
pth tinh tién theo hai chu:u X va y cuia bé mit. Sau khi tim dugc
cdu hinh nang luong cuc tiéu theo phuong N2 don lop raphene
duoc dich Lhuyen theo chiéu z dé t5i wu vé khoang cich giira 2
10p vit lidu nay.

- D6i vi 16 u khi CO trén bé mat graphene: phz"m tir khi CO
duge dat trén bé mit graphene ¢ khoang cach 2.7 A vi thure hién
dong thoi phép tinh tién theo phuong xy va quay quanh tim khcn
cua ]J]'Idl'l tir khi CO dé xac dinh céu hinh c6 ning lugng cue ticu.
Tir cau hinh do, phan tuw CO dugc dich chuyén theo chiéu z dé
tim vi tri t6i wu, déng théi xéc dinh duoce do dai dap tmg va ning
lwgng hip phu ciia CO trén bé mit vat liéu héip phu.

Nang lugng hﬁp phu duge tinh toan dya trén viéc khao sat
cdc twong tic ¢ dong gop tir twong tic vdW thong qua 3 phiém
ham vdW 14 revPBE-vdW, optPBE-vdW va vdW-DF2 [17, 18,
46]. Vé 1y thuyét, niing lugng tong cua hé vit licu G/SiO, bao
gom nang luong twong tac vdW va nang lugng dan hoi, trong do
twong tac vdW chiém uu thé. Déi voi hé hép phu khi, bang viée
sir dung cong cu Computational DFT-based nanoscope, nang
lrgng hip phu duoc tinh bing cong thirc nhu sau:

% =il = {i g +E )

adsorplion compley ':if\m‘h‘lii
Trong do: £ 1a ndng lugng tong cua hé khi hap phu trén bé
la ning lugng cua chat khi va E. la ning

'Th
mat vt hul L
lwgng cua vit ||L,l.l hap phu.

arbent

Bang phuong phap phan tich phin bé dién tich bader dugc
thure hién trong thudt toan dugce phat trién boi Henkelman va cs
(2006) [47]. su dich chuyén dién tich gitra khi CO va vat liéu hap

TAP CHI

onG ong it Na o2 82021

Khoa hoc Tu nhién

phu s& dugce danh gia va phan tich chi tiét. Theo phuong phéap
phan tich dién tich bader, mat d¢ dién tich ctia phan tir hay chat
ran dugc phan chia cho timg nguyén tir riéng 1é sir dung bé mat
thong lugng hai chiéu, trong d6 mat do dién tich vudng géc vai
bé mat 14 cuc tiéu. Do vdy, dién tich nam trong thé tich bader Ia
mot gid tri Qan ding voi tong dién tich cua nguyén tir. Sy phéan
bé dién tich co thé duoc s dung dé xac dinh momen da cuc cua
cdc nguyén tir hodc phin tir tuong tac.

Két qua va thao Iuan
Ciiu triie hé G/Si0,

Ciu tric hinh hoc va tinh chét dién tr cua vat liéu don 16p
graphene va vit liéu khdi SiO, duoc khao sét truge khi tinh toan
mo phong vit liéu ghép G/SiO,. Hing sé mang cua vt liéu
khéi SiO, tinh duge bang phuono phap revPBE la a=b=4.912
A; c=5404 A, trong donﬂ vOi gid tri hing sb mang thuc
nghiém (4,913 A va 5405 A [40]). Céu tric a-SiO, st dung
trong nghién ctru ndy thudc pha cau tric P3,21, h¢ tinh thé tam
phuong (trigonal) (hinh 1B. 1C). Hing s6 mang tinh duoc cua
Ix1 graphene 12 2,468 A. Khi dat 2x2 gr’lphene 1én trén bé mit
(0001) ctia o~ Si0,, do 1éch thong sé mang duoc tinh theo cong
thire sau: '

ZaG—

asio,
g =

~ 0,48%
asio,

Trong do ¢ la do 1éch thong sO mang, a.va (15102 lan luot 1a
hing s6 mang clia & mang co so cia Uraphe[m va 0-Si0,. Gia
tri nay tuong ddi nho, dan dén hiéu ng cang anh huong lén
tinh cha[ dién cua graphene dugc loai bo. Két qua khao sat cau
hinh t5i wu cua don lop graphene khi dit trén bé mat o-Si0,
duge md ta trén hinh 2A. Cau triic cuc tidu nang luong duoc
xdc dinh thong qua viée tinh toan ning luong cac cau hinh khi
di chuyén graphene trén bé mit a-Si0, theo cac chidu X va Y,
trong d6 X, Y 1a cic toa d9 ty 1¢ cua vector siéu & mang su dung
trong mo phong. AE la d9 léch ning lugng gitra cac cau hinh ¢
cac vi tri khac nhau (meV). Sy thay d6i mau sic mé ta do léch
nang luong, ving toi mau tuong tmg vang hé vit liéu bén vimg
vé nang lll’O’nL, ngugc lai, viing mau sang twong tmg voi cac ciu
hinh it bén hon. Hinh 2A mé ta dg léch ning hronU khi quét cac
vi tri khéc nhau cta graphene trén bé mat o- Si0, trong mot 6
mang co s¢ & khoang cach 3 A. Vi tri cue tiéu ning luong cuc
bo twong g véi AE=0 meV. St dung céu hinh cuc tiéu cuc bo
ning luong khi di Lhuyen graphene trén mat XY cua SiO, ndy.
h¢ vat li¢u ghép G/SiO, tiép tuc duoc t01 wu héa dé tim cdu hinh
bén nhét bing viée tim khoang cach t6i wu gitra 2 16p graphene
va Si0, thong qua viée dich chuyé én 1op crmphcnc theo chicu Z
cua 6 mang. Hinh 3 md ta céu tric hinh hoc t0i wu cua hé G/ Si0,.
Khoang cach t6i v giita 16p graphene va 16p nguyeén tar Si gin
nhét phu thuge vao 3 bo ham khéc nhau cta thé trong tac vdW 1a
revPBE-vdW, optPBE-vdW va vdW-DF2 (hinh 2B). Két qua chi
ra, voi phicm ham revPBE. optPBE. DF2, khoang céch t6i uu
thu duroc lan luot 14 3 072 A.3446 A, 3525 A, Trong dé. phiém
ham DF2 cho két qua gin nhat voi thm. nghiém (3.56 A) [26).
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(4) (B)

G 04

Hap phu khi CO trén graphene/o-
Sio

2

AE (meV)

Cau triic hinh hoc va nang hrong
hap phu:

graphens-3Si0,

Khi khao sat vi tri ¢6 kha ning hép
phu, cdc nghién ciru mé phong thudng
tp trung vao 3 vi trf cua khi trén vat
liéu hdp phu, bao gom trén dinh (T
e - top), cdu (B - bridge) va tim (H -

BE —— hollow), minh hoa trén hinh 4. Vi tri

Hinh 2. (A) Bé mit niing lrong 3 chiéu ciia hé G/SiO, tro‘ng_l do*n \: 6 mang co_'fé'. X Y_'Iz‘l Cfic l(_‘)a dn
ty I¢ cua vector siéu 6 mang su dung trong mo phong. AE lq‘dg Iéch nang luc_rzng gitra cde cu hinh 0 cic
vi tri khc nhau (meV). Phan day la gian do nang lugng 3 C|‘1lé‘u duge Fhlcl-l xuong mit phiang XY. D§ léch
néna_ lugng AE (meV) giira cac ciu hinh khéc nhau duoc moAta qua miu sdc va do cao t]]e? phuong vuong
géc}c‘:i mit ph;ing XY. (B) S phu thu@g cia ning lugng lién két gitra graphene va (.t‘-SJO2 vio khoang
cich gitra 2 16p vat liéu véi 3 by phiem ham vdW revPBE-vdW, oPtPBE~w'd\V va vdW-DF2, Truc
hoanh la khoang cach d, gitra bé mit graphene va a-Si0, (A), tryc tung 1a ning lugng lién két EWMg (eV).

(A) (B)

Hinh 3. Cdu tric tbi wu ciia h¢ vit ligu graphene trén dé 0-Si0, véi 3
16p Silic. (A) top view: (B) side view. Si: mau xanh; O: mau do; C: mau nau.

Bén canh viéc md ta su phu thude nang luong lién két gifta
graphene va 0-Si0.. E,. ... VA0 khoang céch giita ching d , hinh
2B con chi ra két qua ve d¢ dai dép (mg cua hé vat licu, Khi
khoang cich gitra 2 16p dat t6i ¢ 8 A, giita 2 lop khong cél]
tuong tac, nang luong lién ket tiém cén gia tri 0 meV. Két qua vé
khoang céch t6i wu, do dai dap img va ning lugng lién ket giira
hai lop vt liéu dugce liét ké trong bang 1. Nang lugng lién két co
gid tr1 809 meV, 1091 meV va 818 meV tuong (g vdi 3 phiém
ham vdW khac nhau revPBE-vc!W, optPBE-vdW va vdW-DF2,
Gia tri ndng lrong nay cho thdy graphene khd bén ving khi
ghép trén vat li¢u dé q-SiO: véi khoang cach o vi tri can bing
khoang 3,446~3,672 A. Cau trg’:c hinh hoc cua 'graphene sau
khi ghép trén bé mat vat liéu d€ 0-Si0, khong co sy ‘thay doi,
graphene giir cu tric phang. chicu dai lién két C-C 1a 1,41 A.
Bang 1. Cac thong 6 clu trice & trang thai co ban va ning lwgng lién
két giira graphene va dé «-SiO,.

re\'l’iB’E-vdW optPBE-vdW vdW-DF2  Thyc nghiém

Thé vdW/tinh chit

Khoang cich graphene/

3672 3446 35 356[26)
a-5i0, dz (A) N
D dii dép img (A) 8,252 8.013 8.021 NA
Niing luong fién két (meV) 809 1091 818 NA

NA: no available.
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DFT-D? —— ; )
¢ 7 s wéndinh T la vi tri khi hap phu nim

chinh xdc trén dinh mét nguyén tir C
cua lop graphene. Vi tri cau B 14 vi trf
ma phan tir khi hip phy nim giita lién
két cong hoa tri cia hai nguyén tir C
cua graphene, vi tri tim H 14 vi tri phan
tir khi nam chinh giira tim cta ciu tric
luc gidc déu cua graphene.

Hinh 4. Ba vi tri hiip phu khic nhau ciia CO trén graphene: vitri T
(t9p) trén dinh cia nguyén tir C graphene, vi tri B (bridge) giira ciu
noi cia 2 nguyén tir C graphene canh nhau va vi tri H (hollow) & giira
tim hinh lue gigc C graphene.

Trong nghién ciru nay, cac vi tri hip phu cia khi CO trén hé¢
G/Si0, duge tim mot cach ¢o hé thong, bao 26m toan bé kha ning
ma CO ¢o thé dinh hudng vao bé mat vat liéu bﬁng cach sir dung
cong cu Computational DFT-based nanoscope [42] dé quét kha
nang hap phu CO trén toan b bé mit vt liéu, Két qua tim cdu
hinh t6i vu cia CO hap phu trén don l6p graphene duge mé ta
trong hinh 5, Céc s6 li¢u vé nang luong hap phu, khoang cich hip
phu duge tong hop trong bang 2. Dé khao sat st anh huong cua
de 0-Si0, Ién graphene, chiing t6i so sanh kha nang hap phu CO
trén don 16p graphene khi khong co vat liéu dé va CO trén G/Si0,.

Boi vai vat lidu hip phy I3 don 16p graphene, két qua tinh todn
cho thay CO dinh hudng vao be mat graphene theo phuong lién
ket C-O song song véi bé mit graphene va ¢ vi tri hollow cua luc
glac C graphene (hinh 6A, 6B), két qua nay tring hop véi céu hinh
tor uu cua CO trén graphene theo tinh todn cua Leenaerts va cs
(2008) [5]. Trong khi o, véi vit ligy graphene dat trén dé ¢-SiO.,
(O cting dinh huéng hap phy theo phuong lién két C-0 song song
Vi bé mat graphene. Tuy nhién, phan tr khi CO hap phu & vi trf
ma nguyén tr O o trén dinh nguyén tr C graphene. Hon nira, ciu
triic hinh hoc cua graphene thay ddi, cac nguyén tir C graphene co
ltr(m% tz'lclvéri khi CO khong con ndm trén cling mat phing vai cac
nguyen wr C graphene ¢ xa phan i khi CO (hinh 6C, 6D). Lép
graphene trén dé a-Si0, khi hap phu khi CO da thay doi ciu tric
hinh hoc, cau triic dbi ximg cuia bé mit graphene d b phd v, dan
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Hinh 5. (A) Bé mit ning lwong 3 cluéu cua hé h.ip phy khi CO trén

graphene o cic vi tri khdc nhau cua bé m it; (B) \‘mg Imm!, Imp phu
ciia CO trén graphene phu thuje khoing cich cia CO dén bé mit
graphene vii 3 b§ ham vdW revPBE-vdW, optPBE-vdW vi vdW-DF2.
True X 1a khoang cich d, cua CO dén bé mit graphene (A), true Y 1a ning
lugng hap phu E, (eV).

(A)

Hinh 6. Céiu triic hinh hoc khi CO hflp phu trén graphene va CO trén
G/SI0,. (A) sideview va (B) topview cia h¢ hap phu CO trén graphene;
(C) sideview va (D) topview cua hé hap phy CO trén G/Si0,.

dén sy thay doi cdu tric dién wr cling nhu sy phan bo dién tich
trong ]O'p vit liéu nay. Céc két qua tinh todn thu dugc vé khoang
cach hap phu tdi uu va ning luong hap phu CO trén graphene
don 16p va trén G/SiO, voi 3 bo phiém ham vdW revPBE-vdW,
optPBE-vdW vi vdW-DF2 duge so sanh o bang 2. So vai két
qua cua Leenaerts va cs (2008) [5] doi véi hap phu khi CO trén
don 16p graphene, khoang cach hap phy trong nghién ciru nay
nho hon (3.435 A), ning lugng hﬁp phu ting dang ké (162 meV).

Céu hinh sau hap phu khi CO trén graphene/a-SiO, cho lha)
nang luong hap phu da tang 14% so vai khi CO hap phu trén bé
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mét graphene ty do, khoang cach hip phu tdi wu di giam ro rét, vi
dutir 3,425 A xudng 3,154 A déi véi phuong phép revPBE nhu s6
liéu tinh todn & bang 2. So sanh nang luong vi khoang cach hap
phu, 19 rang vat liéu dé a- -Si0, di lam ting dang ké kha ning hap
phu khi CO cua graphene.

Bing 2. So sinh niing lwgng hip phu, khoing cich hap phu tdi wu ciia

CO trén bé mit don 16p graphene va cia CO trén bé mit graphene
trén dé @-Si0, khi tinh véi ede b ham vdW khic nhau.

CO trén ; : ,
CO hiip phu trén graphene . CO hip phy trén G/e-Si0,

Thuge tinh Ha _g ; G i
re'PBE  optPBE  DFT-DF? revPBE reoPBE  optPBE  DFTDF?

Khodng cich . ' o .

dw‘;‘:“{}]‘:i! 3435 3B 348 3T a1 3% 330

.\"ing lrgmg

hip phy 162 186 136 13 185 M 163

E, (meV)

Phan tich mdr do trang thai DOS va ving nang hrong:

D¢ phan tich su thay déi cdu triic dién tir cia graphene khi dat
trén dé a-Si0, tac dong dén tinh hap phu ctia bé mat vat liéu doi
v6i phan tir khi CO, sir dung cdc cau triic hinh hoe hip phu téi tu
thu dugrc, cac tinh todn phan tich mét do trang thai dugc thuc hién,
két qua thé hlen o hinh 7 va 8. Bai vai don lop graphene, gid trj do
rong ving cAm bano 0 meV nhu hién thi trén cau triuc ving nang
luwong o diém I trén hinh 7A. Khi co khi CO h'lp phu trén bé mat
don lop Qraphene (hinh 7B), Xuét hién thém dinh DOS cua khi CO
trong phan bé mat d¢ trang thai xung quanh mirc Fermi. Két qua
phin tich viing niing lugng cho thdy, do rong v ung cim da tang
lén c& 5 meV, tuy gid tri nho nhung da cho thay anh huong cua
CO dén ciu trac dién tr cua graphene. Cling voi sur xuat hlen khe
nang lugng o dinh Dirac khi xay ra hién twong hap phu. do chénh
léch nang luong gita LUMO (Lowest Unoccupied Molecular
Orbital) (2rr) va HOMO (Highest Unoccupied Molecular Orbital)
(50) trong phan wr khi CO ciling thay doi. Poi véi khi CO wr
do, AEIL,“U”(M] 1a 6951 meV, sau khi CO hap phu trén bé mit
graphene, gid tri AEmm Howo, 12 6978 meV. Bang phan tich dién
tich bader, két qua cho thiy bé mét graphene nhén 0,01 & tr phin
tir khi CO, CO déng vai trd 1a chat nhudng dién tich. Tuy 50 luong
dién tich chuyén dich nho, nhung sur thay doi nay dan dén sy thay
doi dién tro cua graphene sir dung dé lam vat liéu nhay khi trong
thiét ké linh kién cam bién.

Két qua phan tich mat do trang thai va cu tric ving ning
lugng cua h¢ graphene dat trén dé o-Si0, dwge mo ta trén hinh
8. Cuong do cua dinh DOS tono (mau den) o vung hoa tri trong
khoang nang lugng -6.0 eV dén -4.0 eV (0 dudi mire Fcrml)
do phin dong gop chu yéu cua O (mau do) trong o- 510, va C
graphene. Trong khi do, cuong do cua dinh DOS tdng ov ing
dan trong khoang ning luong [Lr 20¢V dén 6.0 eV (0 trén mure
Fermi) do phan dong 20p chu yéu cua Si (mau xanh nude bién)
trong ¢-Si0, va C graphene. Tuong tac gitra 2 16p vét ligu nay
lam thay doi cau tric dién tw cua graphene, phan tich ciu tric
vang nang lugng trén hinh 8A cho thy. gr aphene domn 16p tir vt
li¢u khnno 6 vang cam tro thanh vat lidu ¢o khe nang luong
tai diém Dirac la 51 meV. Day la nguyén nhan tic dong dén kha
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Hinh 7. (A) Céu tric viing niing lugng theo cic diém M, I, K, M trong khong gian mang dio va mat d trang thii DOS ciia don 16 graphene.
(B) Mit dj trang thai DOS ciia h¢ hip phu khi CO trén don 16p graphene tir do (khi khong dit trén dé ¢-Si0).
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Hinh 8. Céu triic viing niing lugng theo cfc diém M, I, K, M trong khéng gian mang dio va mit d
Céu triic ving ning lugng theo cac diém M, I K. M: (B) DOS ciia t-S10.. 16p Si ¢ dudi dirge trung he

graphene; (D) DOS tong cua hé graphene/u-510,.

nang hip phy khi CO cua graphene boi s c6 mit cua dé -Si0,.

Két qua phén tich su chuyén dich dién tich bader cua Ijé
hap phu khi co dé a-Si0, cho thay phan “:r khi CO chuyén
0,012 & sang bé mt graphene. So vGi hé hap phu khi khong
dat graphene trén dé o-Si0,, gié tri dién lt’C‘h trao doi da tﬁ]}g
20%. Do dé. dya trén két qua tinh toan vé nang lugng hap
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©) (D)

0 trang thii (DOS) ciia graphene/u-8i0,. (A)
ba dién tich boi cac nguyén ur H: (C) DOS cua

phu va su chuyén dich dién tich da cho lhéy vat liéu u-SiO,
lam tang tinh chat nhay khi CO cua graphene.

Két luan

S}'r dung céc tinh toan mo phong luong tr dua trén ly
thuyet phiem ham mat d¢, céu tric hinh hoc va dinh hudng

to1 uu cua khi CO hap phu trén bé miit graphene va graphene



dat trén dé 0-Si0, da dugc nghién ciru chi tiét vai cac phiém
ham vdW khéc nhau. CO hép phu trén bé mat graphene dinh
huéng song song véi bé mat va nang lugng hip phu la 162
meV khi tinh v&i ham revPBE, dién hinh cho hién tuong
hap phu vit ly. Kha ning chuyén dich dién tich tir khi CO
sang graphene da dugc phan tich thong qua tinh todn dién
tich bader. Sy cé mit cua [6p vit liéu daé a-Si0, tac dong
dén su thay dbi ciu truc dién tir cuia graphene, lam ting
kha nang hip phu cua graphene (nang luong hap phu khi c6
0-SiO, la 185 meV) ciing nhu téng kha nang dich chuyen
dién tich giira khi CO va graphene. Cu thé, khi CO chuyen
0,012 & sang bé mit graphene khi c6 mat dé a-SiO,, trong
khi d6 véi graphene tu do CO chuyén 0,01 € sang graphene.
Nguyén nhén chinh din dén su anh hudng nay la do tuong
tac gilra a-SiO, va graphene lam thay dbi tmh déi ximg cua
graphene, din ‘dén thay déi do lon ving cdm ¢& 51 meV
ctia graphene. Sir dung dé -SiO, lam tang do nhay débi vai
CO cua graphene tuy gia tri tang nhé, nhung diéu nay co y
nghia déi véi sur lwa chon vat ligu dé cho graphene khi thiét
ké cac linh kién dang lam cam bién khi déc CO.

L01 CAM ON

Nghién ciru nay duge tai trg béi Pai hoc Quéc gia Ha
N6i thong qua dé tai ma $6 QG.20.62. Cac tac gia cling chan
thanh cam on T chirc JICA trong du én hd tro k¥ thuat va
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