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ABSTRACT

The adsorption of gas molecules (CO, CO,, and NH3) on Sawtooth Penta-
Graphene Nanoribbon (SSPGNR) has studied by using first principles
methods. The adsorption geometries, adsorption energies, charge
transfer, density of states, and electron difference density are obtained. It
was found that the adsorption of CO and CO, on SSPGNR shows chemical
adsorption properties, meanwhile the adsorption of NH3 shows physical
adsorption properties. The current voltage (I-V) characteristics have also
been investigated using non-equilibrium green’s function (NEGF)
approach. The results indicate that the gas molecules have little effect on
modifying the conductance of SSPGNR. A comparison about absorption
capacity NHsz on SSPGNR at possible absorption sites has been
implemented. Quantum transport calculations further indicate that NH3;
molecules can be detected by the SSPGNR-based sensor.

TOM TAT

Hién tiwgng hap phu cac phan tir khi (CO, CO; va NHs) trén Sawtooth
Penta-Graphene Nanoribbon (SSPGNR) da duoc nghién ciu bdng
phiong phdp nguyén Iy ban dau. Nghién ciru di xdy dung cdu hinh hap
phu, tinh todn nang lwong hdp phu, sw chuyén dlen tich, mdt do trang thai
va sw sai khdac mdt do dién tir. Nghién ciu chi rang sy hap phu phan tuw
khi CO va CO, trén SSPGNR thé hién ddc tinh hap phu héa hoc, trong khi
@6 SSPGNR hdp phu NHz thé hién ddc tinh hap phu vt y. Pdc tinh Volt-
Ampere (I-V) dwoc nghién ciu dya trén hinh thicc ludn ham Green khong
cdn bang. Két qua cho thdy cdc phan tir khi hdp thu ¢6 anh hwéng dén dé
dén cia hé nhung khong nhiéu. Ddc tinh vén chuyén dién tir ciia NHz khi
hcfp phu trén SSPGNR tai nhiéu vi tri kha df khéc nhau ciing dwoc khao
sdt. Pdc tinh vdn chuyén dién tir chi ra rang phdn tir khi NHs ¢é thé do
béi cam bién khi dua trén vit liéu SSPGNR.

Trich dan: Nguyén Thanh Tién, Tran Yén Mi va Lé V5 Phuong Thuan, 2020. Nghién ctru hién twong hip phu
phén tir khi trén day nano Penta-graphene dang rang cua. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 56(2A): 21-29.
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1 PAT VAN PE

Cam bién khi, dic biét 1a cam bién khi doc hodc
khi gay 6 nhiém, ludn la trong tdm ctia cac nghién
ctru lién quan dén cac ng dung trong cac linh vyuc
giam sat o nhlem moi truong, kiém soat cong
nghiép, san Xxuit nong nghiép va chan doan y té
(Chen et al., 2013). Nhiéu nghién ciru gan day chi
ra rang tinh chat dién tir cia vat liu hai chiéu c6 thé
thay d6i sau khi chung hap phu mot s6 phan tir khi
cu thé, vi thé chung dugc xem nhu mot dbi tuong
tiém nang dé thiét ké cac cam bién khi. Trong s6 cac
vt liéu hai chiéu, graphene va céc vat lidu trong tu
cua n6 da nhanh chéng thu hut sy chu y nho tinh
chat vat 1y thay dbi dang ké ciia chung so véi ciu
trac khéi va tiém nang cho cac ing dung trong cac
thiét bi dién tr thé hé mai. Graphene, mot don 16p
céc nguyén tir carbon duoc sap xép theo mang luc
giac, thu hut duoc sy chii y boi nhitng cau trac dién
ttr va tinh chat van chuyén doc déo nhu: d6 linh dong
hat tai cao, dan nhiét tot va cac hiéu ung Hall luong
tur di thuong (Berger et al., 2004; Hirata et al., 2004;
Bolotin et al., 2008; Neto et al., 2009). Nhung sy lai
hoa sp? cua lién két Carbon va dic tinh ving cdm
bang 0 1am n6 khéng hidu qua ddi vai hap phu khi.
So véi chat ban dan khac, rat kho dé do thong tin
dién tro trong qua trinh hap phu khi va Graphene
khong nhay cam Véi cac bién thé ndng do cua khi.
Diéu nay 1a bt loi cho viéc thiét ké cac cam bién
khi dya trén Graphene.

Sau Graphene, Penta-Graphene (PG), mot dong
vi Carbon hai chiéu méi bao gom cac hinh ngti giac
Carbon, dugc d& xuat vé mat Iy thuyet gan day. bac
biét, no la mot ban din c6 ving cam gian tiép Véi
ving cim ban dau 13 3,25 eV (Yu et al., 2015; Zhang
etal., 2015; Yu and Zhang, 2016). Bén canh d6, n6
¢ hé sb Poisson 4m bat thuong, do bén siéu cao va
kha nang chiu dugc nhiét do cao tgi 1000 K, vuot
troi Graphene. Nhitng dac tinh vuot troi nay lam cho
nd tro thanh mot Gng cu vién t1em ning cho nhiéu
g dung day hira hen. Nhiéu nd lyc nghién ctru dé
cai thién cac tinh chat vat 1y ciia PG bang nhiéu chirc
ning hoa khac nhau. Vi du, cac nghién ctru Iy thuyét
cho thiy PG c6 do dan nhiét gia ting déng ké sau
khi hydro héa, cao hon nhiéu so véi PG thuan.
Nguyén tir Hydro hép phu trén tim PG dwoc du
do4n s& tao ra tir tinh va c6 thé didu chinh hiéu qua
cc tinh chét dién tir cua PG nhu diéu chinh né tir
mot chat ban dan thanh mot chat nira kim loai. Ngoai
ra, trong céu trac cua PG c6 chira ca lién két carbon
sp? va sp?, vi v@y PG khong c6 cAu trac phing Iy
tudng, ma né co ciu tric vénh, cho thiy PG c6 nhidu
vi tri s& hitu kha niang hap phy khi (Zhang et al.,
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2015). Nhiing dac tinh nay khién cho PG trg thanh
g ctr vién tiém nang dé ung dung trong linh vuc
vi dién tar.

Nhiam muc dich giam kich thudc linh kién, cac
nha nghién ctru da cat tim PG thanh cac ciu tric gia
mot chiéu duoc goi 1a Penta-Graphene nanoribbon
(PGNR). PGNR ¢6 4 loai: ZZ, AA, ZA, SS. Trong
d6, SS 14 loai dang chii ¥ nhat khong chi bai vi né 1a
ban din ma con vi n6 1a cau triic bén nhat trong bén
loai PGNR. Gan dy, cac nghién ctru chi ra rang ciu
trac SSPGNR khi duoc pha tap thay thé (Si,P,N) ¢
nhiing vi tri nhat dinh c6 the lam thay ddi cAu triic
viing ning lugng so V6i Mau nguyén so va quan
trong 1a néu rd dic tinh van chuyén dién tir bén trong
SSPGNR khi dugc pha tap thay thé (Tien et al.,
2019). G mot hudng nghién ctru khac, khi cho hap
phu cac phan tir khi trén cac vat liéu nanoribbons
cling 1am thay ddi cac tinh chét dién tir ciia chiing.
CO, CO; va NH3 la nhitng chét khi pho bién trong
khi thai cong nghi¢p va khi thai giao thong. Trudc
day da c6 nhidu nghién ctru vé hién twong hap phu
cua chung (Xie et al.,, 2012; Wu et al., 2015;
Ouyang etal., 2018 ). Tuy nhién, c6 kha it cong trinh
nghién ciru vé hién twong hap phu cac phén tir khi
nay trén PG. PG thuin khong nhay véi cac phén tir
khi CO va CO; do su hép phu gilta ching 1a hién
tugng hap phu vat ly, hép phu tuong dbi yeu (Zhang
and Shao, 2019). Bé mé rong sy hiéu biét vé sy hap
phu CO, CO; va NHs Ién PG, nghién ctru nay da su
dung Céu trac mot chidu SSPGNR dé tién hanh khao
sat sy hap phu. Trong khudn kho bai bao nay, Bac
tinh van chuyén dién tr cia mau SPGNR khi hap
phu lan lugt cac phan tir khi CO, CO; va NHz dugc
tap trung khao sat. Dya trén phuong phap nguyén Iy
ban dau, nghién clru da tim ra cau tric hap phu 6n
dinh nhét cta cac mau hap phu CO, CO, va NH3 1én
SSPGNR. Nghién ctru da chi ra su thay d6i dic tinh
dién tir cia SSPGNRs khi cho hap phu cac phan tir
khi.

2 THIET LAP MO HINH VA TINH
TOAN

2.1 MO hinh linh kién

Nghién ctru tién hanh khao sat bén mé hinh khac
nhau cua SSPGNR ng véi SSPGNR thuan,
SSPGNR hip phu CO, SSPGNR hép phu CO,,
SSPGNR hip phu NHs. Cac ciu trac nay dugc thyu
dong hoa bién bang hydro. Tt ca cau trac dugc
minh hoa trong Hinh 1 1an lugt 1a: SSPGNR chi thy
dong hoa bién bang hydro (SSPGNR) - xem nhur
SSPGNR thuan, SSPGNR hap phu phan tir CO (CO-
SSPGNR), SSPGNR hap phu phan tir CO, (CO; -
SSPGNR), SSPGNR héip phu phan tir NHz (NHs -
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SSPGNR). Cuc trai va cuc phai cia moi linh kién la
nhitng 6 co s¢ ban vo han duoc lap lai tuan hoan
theo truc z.

a)

b)

<)

Left
Electrode

Hinh 1: Minh hoa ciAc mé hinh linh kién: (a)
CO-SSPGNR, (b) CO2-SSPGNR, (b) NHs-
SSPGNR

2.2 Thiét 1ap tinh toan

Ly thuyét phiém ham mat 6 (DFT) (Kohn and
Sham, 1965) va hinh thuc ludn ham Green khong
can bang (NEGF) dugc tich hop trong phan mém
QuantumWise dugc ap dung dé nghién ctru dac tinh
van chuyén dién tir cia SPGNR tng véi cac chét hap
phu khac nhau. M6 hinh duoc t6i wu bang phuong
phap DFT st dung phiém ham tuong quan trao doi
LDA (Chen et al., 2015) cho cac hiéu tng tuong
quan va trao ddi cua dién tur trong godi phan mém
Dmol3 (Delley, 2000) dé tim ra cac vi tri 6n dinh
cua cau trac sau khi hap phy cac phan tir khi. S6 k-
point trong ving Brillouin dugc chon 1x1x9 lan luot
theo ba phuong x, y va z trong t6i wu hoa cau tric
va dung sai cta truong ty hop duogc cai dit 1a 107
A. Hé thdng dat duoc trang thai co ban khi d6 hoi tu
chinh x4c cuia ning lugng c6 sy thay doi I6n nhat 1a
10 5 Ha, tiéu chi hoi tu lyc tbi da 1a 0.002 Ha/ A,
muc chuyén vi ti da 14 0.005 A va quy dao cut-off
1a 3.7 A. Trong d6, nhiét d§ nhiét dong hoc cta hé
dién tir 1a 300 K.

Right
Electrode

Scatterring Region

Céc céu trac hap phu da xay dung bing DMOL3
duoc t6i vu hinh hoc va nghién ctru cac dic tinh van
chuyén dién tir bang cach st dung DFT két hop véi
hinh thirc luan ham Green khong can bang (NEGF)
dugc tich hop trong goéi phan mém Atomistix
ToolKit (ATK) (Taylor et al., 2001; Brandbyge et
al., 2002). Thé tinh dién dugc xac dinh trén mang
khong gian thuc tng voi nang lugng cut-off 150 Ry.
Ham séng dién tir duoc khai trién theo tap co so
DZDP. Ciu triic thoa diéu kién t&i wru khi lyc nguyén
ttr nho hon 0.02 eV/ A. Céc céu tric da toi wu duoc
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dung dé rap thanh linh kién. C4u hinh linh kién gém
ba phan: dién cuc trai ban v6 han (L), ving tan xa
trung tdm (C) va dién cuc phai ban v6 han (R). Bién
cuc va ving C ¢6 d6 dai lan luot 12 7.18 A va 36.16
A. Dic tinh van chuyén luong tir cia cac hé dugc
tinh théng qua NEGF tng vai sb k-point 1x1x21
trong ving Brillouin. Piéu kién bién tuin hoan va
ving chan khong 15 A duoc ap vao phuong vudng
goc vai tryc tinh tién cua SSPGNR. Nhiét do ban
dau cua vung trung tam 13 0 K khi chua 4p dién thé.
Dé tinh toan dic tinh van chuyén dién tir, du tién ta
can tinh phd truyén qua cua céu trac téi wu. Phd
truyén qua dugc xac dinh dya trén hé s truyén qua
T(E, V), T(E,V) c6 cong thirc nhu sau:

T(E,V) = Tr (G, (E,V)TR(E,V)G(E,V)IL(E,V))

Trong d6, Ty/r(E,V) 1a hé s6 mo ta tuong téc
cho cuc trai/ phai, twong ung; G.(E,V) la ham
Green cho viing tan xa. Dé tinh toan dong dién trong
ving tan xa, cong thirc Biittiker—Landauer dugc st
dung:

1) =2 [ (6 TG (FCE - )
- f(E - ﬂR))

Trong do, u; g 1a thé dién hoa cho cuc trai/ phai
tuong ung.

3 KET QUA VA THAO LUAN

Dé khao sat kha nang cam bién cia SSPGNR khi
hap phu cac phan t khi CO, CO; va NHs. Pau tién,
nghién ctru can tim cAu hinh hap phu 6n dinh nhat
cho céc truong hop hap phu phén tir khi khac nhau.
Dua trén didc diém cdu trac cua SSPGNR, nam vi tri
hip phu kha di duoc xac dinh bao gém : T1 1a dinh
cua Carbon c6 chtra sp?, T2 1a dinh cua Carbon c6
chira sp?, B1 1a trén lién két don, B2 1a trén lién két
d6i va H 1a trung tdm cia vong. Cac mau da duoc
t6i wu nham dat sy bén V& ning luong. Pé tim dugc
céu trac 6n dinh nhat trong tat ca cac truong hop da
nghién ciru, ning lwong hap phy (Eag) clia cdc phan
tir khi 1én SSPGNR can duoc tinh. Nang luong Eaq
duoc tinh dya trén cong thirc sau :

Ep —

AEG; = EPG+gas - Egas-

Trong d6, E pg+gas Epgs E gas lan luot 14 tong
nang lugng cua ca hé, nang lurgngcua SSPGNR ¢d
lap, nang luong cia phan tir hdp phu c6 lap. Ning
lwong hap phu cua CO, CO, va NHs lan luot 1a —
0,368 eV, — 0,245 eV va — 0,195 eV. R3 rang, ciu
trac CO2-SSPGNR va céu traic CO-SSPGNR 6n
dinh hon so véi cau trac NHz-SSPGNR.
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3.1 Cic thong sb ciu tric

Bang 1 trinh bay mot s thong sd cau tric sau
khi t&i uru cac mau hap phu. Két qua chi ra rang sau
khi t6i wru, do dai lién két va goc lién két c6 su thay
d6i nho sau khi hap phy. So sanh cac gié tri ds trong
Bang 1 cho thiy khoang cach gan nhit tir cac phan
tr khi CO va CO, dén dé SSPGNR lan luot 1a 1,453
A va 1,491 A. Khoang cach trén rd rang nhé hon
tong ban kinh cong hoa tri ciia nguyén tir gan nhat
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trong phén tir khi va nguyén tir C trong chat nén.
Diéu nay ngu y rang cac lién két hoa hoc duge hinh
thanh gitra phan tir CO, CO, va dé SSPGNR. Trong
khi do, khoang cach gén nhat tir phan tir NHs dén
chat nén 1a 3,434 A, do d6 kha ning NH3 hap phu
vat 1y 1én SSPGNR 1a nhiéu hon kha nang hap phu
hoa hoc. T4t c& céac diéu trén chi ra rang, SSPGNR
¢6 do nhay cao hon véi CO va CO,. Tuy nhién, NH3
lai thich hgp ng dung cho sensor khi hon.

Bang 1: Cac tham sé cAu trac va ning lwong hip phu

Hé d: (A) d2 (A) ds (A) ai () a: (9 AE ;4 (eV)
CO-SSPGNR 1,128 1,198 1,453 - - —0,378
1,163 1,368
CO,-SSPGNR 1163 1188 1,491 180 1275 — 0,245
1,017 1,025 3434 107,8  107,3
NH;3-SSPGNR 1,017 1,027 ’ 107,8 1079 — 0,195
1,017 1,026 107,8 107,1

DG dai lién két triée khi hdp phy (da ), dé dai lién két sau khi hap phy (d2 ), goc lién két trusc khi hap phu (a1 ), goc
lién két sau khi hdp phu (@2 ) ciia phan tir khi va ning liwrong hdp phu AEad. Khodng cdch gan nhat tir nguyén tir dén

nguyén tir Ciia cdc phan tir khi dén SSPGNR dwoc ky hiéu la ds.

3.2 Mat d¢ trang thai (DOS) va mat do
trang thai riéng (PDOS) cia hé

Trong Hinh 2, mat d¢ trang thai (DOS) cta hé
cho céc truorng hop hap phu phan tir khi CO, CO;va
NHs so v6i mau thun duge tinh toan. Nhin chung,
sau khi hap phu cac phan tir khi thi ca ba ciu truc

CO-SSPGNR, CO,-SSPGNR, NH3-SSPGNR van la
céc chat ban dan. Bén canh do6, su tham gia cua cac
phan tir khi CO, CO, va NH; anh huéng dén ving
cam cia SSPGNR, trong d6 sy anh huong cia hai
phan tir khi CO va CO; nhiéu hon so v&i phén tir
NHs.

400 A~
- ———SPGNR
200 M J SPGNR + CO| w
[s] B Fs x i = 1 K
1500 v
= - SPGNR b
1 -
R | [— SPGNR + COzﬂ
Py s00 |
8 o =’-4 A ,I’.-
Rl — —SPGNR c
200 k- A ——— SPGNR + NH3
0 i 7 i 1
2.0 1.8 1.6 i 0.6 0.8 1.0
E-Ef (eV)

Hinh 2: Mt do trang thai DOS ciia h¢: (a) CO-SSPGNR va SSPGNR, (b) CO,-SSPGNR va SSPGNR,
va (c) NH,-SSPGNR va SSPGNR

Dé hiéu r6 hon vé nguyén nhan lam thay doi
ving cdm trong cac truong hop hap phy, can phan
tich sy dong gop cua cac nguyén tir trong cac phan
tir khi hap phu vao dic tinh dién tir cia hé. Hinh 3
mo ta mat do trang thai riéng PDOS cua cac h¢: CO-
SSPGNR, CO; -SSPGNR va NH3-SSPGNR, tuong
ung.

24

Nguyén nhan chinh lam thay d6i ving cdm 1a do
su dong gop tir quy dao d cua hai nguyén tir C trén
SSPGNR, chi c6 truong hop hip phu phén tr CO 1a
do quy dao p cua nguyén tir O gy ra. Trong hinh 3,
phd PDOS cho thiy c6 su chdng chéo giita cac
nguyén tir trén phan tir khi va 2 nguyén tir C dugc
chon gan phan tir khi nhit trén SSPGNR. Su chdng
chéo ndy xac nhéan c6 sy hinh thanh lién két giita cac
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phan tir khi voi dé. Tuy nhién, trong hai trudng hop
hip phu CO va CO,, khong thé hién sy chénh léch
nhiéu giita cac duong PDOS. Piéu nay chi ra rang
¢6 sy hinh thanh lién két hoa hoc & hai mau hap phu
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nay. Trong khi d6, khi SSPGNR hap phu NH; thi c6
su chénh léch I6n gitta cac duong PDOS, diéu nay
thé hién c6 su hinh thanh lién két yéu giita cac
nguyén tu.
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Hinh 3: Mat dé trang thai riéng (PDOS) ciia hé hip phu

(1) CO-SSPGNR, (2) CO,-SSPGNR va (3) NH;-SSPGNR. (a) va (b) mdt d¢ trang thdi riéng ciia cdc nguyén tir trong
phdn tir khi va nguyén tir Carkqon gd‘,n nhdt trén SPGNR. (c) va (d) mdt dé trang thdi riéng ciia cdc nguyén tir trong phén
tir khi va nguyén tir Carbon gan nhat trén SSPGNR theo cac quy dao.

Mot cach tong quat, nghién ciru chi riang, khi cho
mau SSPGNR hép phu cac phén tir khi s& 1am anh
hudng dén ning luong xen phu gitra cac nguyén tir
nén lam cho mat do trang thai cia cac mau bi thay
d6i theo ma cuy thé 1a thay doi do rong ving cam.
Diéu nay cho thiy ring hoan toan cé thé diéu khién
su thay dbi do rong ving cam cia SSPGNR bing
cach cho hip phu cac phan tir khi khac nhau nhung
van giit dugc tinh ban dan cua né. Bong thoi, ciing
thay rd sy anh huong ctia cac phan tir CO va CO, 1én
dé SSPGNR nhiéu hon so véi sy anh huéng cua
phan tir NHs. Diéu nay x4c nhan cac phén tir khi CO
va CO; hap phu hoa hoc 1én SSPGNR con phan tir
khi NHs thi thé hién dac tinh hip phu vat 1y.

3.3 Dic tinh van chuyén dién tir cia hé

Hinh 4 thé hién méi tuong quan giita cuong do
dong va dién thé bias (1 -V) cua cac mau hap phu
CO-SSPGNR, CO.-SSPGNR, NH3-SSPGNR va
mau SSPGNR, dong dién khong thay ddi trong
khoang dién thé tir 0 V dén 1,0 V. Dong dién cua
SSPGNR bt dau ting 1én tai dién thé bias 1,1 V va
tiép tuc ting dén gia tri cao nhat 1a 2,25264 x 10 ©
nA tai dién thé 1,55 V. Cac mau hap phu déu ¢ xu
hudng twong tu mau thuan. Trén do thi c6 mot doan
ngung dan mic du bias tang, khi bias dat téi mot gia
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tri t6i han nao d6 thi cudng do dong bat dau tiang 1én.
Cu thé, & ddy duong | - V cua tit ca cac mau déu bat
dau tang 1én manh mé tai bias bang 1,1 V. Pay la
hinh dang dudng dic trung I -V cta ban dan, di véi
ban dan khi dién 4p phan cuc chua di 16n thi linh
kién ngung dan nhung khi dién ap phan cuc dat lén
hon mot gia tri du dé dién tir vuot qua rao thé thi
linh kién b4t dau dan dién. Nhu vay, mét 1an nita co
thé két luan, tat ca cac cAu trac dang xét déu co tinh
chat cua ban dan nhu da dé cap trude do.

Tiép theo, can phan tich riéng phd | - V cho ting
loai hap phu. Hinh 4 thé hién d6 dan cia cac mau
hap phu déu giam so véi mau SPGNR thuan. Diéu
nay cang thé hién rd khi phan tich timg duong I-V.
Mau hip phu NH3 c6 gia tri nho nhét bang 0,00812
X 1078 nA (ing véi gia tri bias 1,1 V, cuong do dong
tang dan va dat gia tri Ion nhét 1a 1,91467 x 107° nA
gan vai gia tri cuc dai cia mau SPGNR thuan hon
S0 V6i hai mau con lai. Twong tu khi quan sat hai
truong hop hap phu CO va CO; ciing bat dau ting
tur gia tri bias 1,1 V. Gia tri cuc tiéu va cuc dai cua
dong dién lan luot 14 0,00292 x 10 ® nA va 0,58833
X 10 “¢ nA cho hip phu CO va 0,001 x 10 ¢ nA va
0,09349 x 10 ® nA cho hap phu CO, . Trong ba mau
hap phu nay, mau NH;-SSPGNR 12 ¢6 su thay doi it
nhét, cuong do dong dién giam nhiéu nhat 1a mau
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C0O,-SSPGNR. Mic du so v6i mau thuan thi cuong
d6 dong dién cua cac cAu tric da hap phu co cai thién
nhung néu so sanh véi cuong d6 dong dién trong cac
c4u triic ¢6 pha tap thi van con nho hon rat nhiéu lan
- dong dién cuc dai 54,8 x 10 ~® A cho mau SSPGNR
c6 pha tap Nitrogen (Tien et al., 2019). Tong hop
cac két qua trén thay rang, cac phan tr khi c6 anh
huéng dén do dan cia SSPGNR nhung su anh
huong nay 1a rat it. Nguyén nhan chinh 1a do céc
mau hap phu khong thém hay bét s6 dién tir nhiéu
S0 v6i mau thuan vi chi cho hip phu duy nhat mot
phan tir khi nén phén tir nay nhé hon rat nhiéu lan
S0 V6i SSPGNR, trong khi d6 & cdc mau pha tap thi
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dugc nhan thém nhiéu dién tir tir tap chat nén cuong
d6 dong 16n hon rat nhiéu lan so véi cac mau hap
phu 1a diéu d& hiéu. Bén canh d¢, gia tri dong dién
giam di 1a do hién tugng tan xa. Cu thé, khi cho cac
phan tir khi CO va CO; hip thy 1am ting su tan xa
dang ké vi day 1a hap thu hoa hoc. Trong khi do,
truong hop hap phu phan tir khi NHs mang dic tinh
hap phu vat Iy nén tan xa la khong dang ke.

Pé hiéu thém vé gian d6 | — V cia hé, ching toi
khao sat thém phd truyén qua duoc xem nhu 1a mot
ham cua dién thé va nang luong (Hinh 5).
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Hinh 4: Pic tinh Volt-Ampere cia cac hé:
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Hinh 5: Phé truyén qua T(E) tai dién thé 1.55V ciia cac hé: SSPGNR, CO-SSPGNR, CO2-SSPGNR va
NHs-SSPGNR

Dé hiéu 16 hon vé sy thay d6i cua duong | -V,
tiép tuc phan tich pho truyen qua T(E) tai cung mot
dién thé cho céc mau hap phu dé so sanh ching voi
tredng hop mau thuan. Phd truyén qua T(E) dwoc
mo ta ddy du trong hinh 5 bao gdm: mau thuan —
duong biéu didn mau den, CO-SSPGNR — dudng

26

biéu dién mau d6, CO,-SSPGNR — dudng biéu dién
mau xanh dwong va NH3-SSPGNR — duong biéu
di&n mau hdng. Cac phd T(E) cia cac mau hap phu
nhin chung c6 hinh dang tuong ty nhau va tuong tu
v6i mau thuan. Nhu quan sat dugc trong cira so bias,
T(E) cua cac mau c6 mot mién phang nam sat truc
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hoanh khi dién thé tang tir 0 V dén 1 V. Mién phang
ndy tuong ung Vi giai doan ngung dan - cuong do
dong bang khong trong phd | - V, day 1a giai doan
dién tu tich trit nang hrorng dén gia tri ngudng dé
chuan bi vuot qua rao thé. Sau giai doan nay, thay
phd T(E) bét dau tang 1én, dugc danh du bang phan
dién tich gidi han béi duwong cong vai truc hoanh,
lac nay linh kién bét dau dan dién tng voi doan ting
dan coa cuong d6 dong dién khi ting Vp. Vay hinh
dang cua phd truyén qua phit hop vé6i hinh dang cua
dd thi IV & cac mAu. Nhu da thé hién trong Hinh 4,
rang tat ca cac mau hap phu déu bi giém cuong do

A
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dong so v6i mau thuan twong tng trong cng bias
hé s6 truyén qua caa méi mau hap phu déu c6 gia tri
nhé hon mau thuan va giam dan lan luot theo thir tu
mau hap phu NHs, mau hap phu CO, mau hap phu
CO..

DPé mo ta day du sy chuyén dién tich gitra cac
phéan tr khi CO, CO2, NH3 va SSPGNR, nghién cuu
da tinh sy sai khac mat do dién tir (EDD) gay ra boi
su tuong tac gira cac phan tr khi bi hap phu va
SSPGNR.

Hinh 6: S sai khac mat do dién tir (EDD) ciia hé

(A)CO-SSPGNR, (B) CO2-SSPGNR va (C) NH3-SSPGNR. Trong do, gid tri isosurface la 0.009 e A2 Viing giau dién
tich duoc ki hiéu mau vang va vung nghéo dién tich dwoc ki hiéu mau xanh ld.

EDD cua cac hé¢ dugc mo ta trong Hinh 6 twong
ung vai cac phan tir khi CO, CO2 va NH3z. EDD dugc
tinh bﬁng cach trr mat do dién tich cua cac thanh
phan c6 1ap (phan tir khi va SSPGNR) khoi mat do
dién tich cua hé. EDD dugc tinh bang cach sir dung
phuong trinh nhu sau:

Ap = P(PG+gas) — P (PG) — P (gas)

Hinh 6 cho théy cac dién tich duogc tich liy trén
cac phan tir khi da hap phu. Su tich lity dién tich nay
cho thdy SSPGNR déng vai tro 1a chéat nhan dién
tich tir cac phén tir khi. Trong trudng hop hap phu
CO va COy, sy hinh thanh lién két héa hoc gitra phan
tir khi va SSPGNR duoc thé hién khi mat do dién
tich tang 1én gitra cac lién két méi dugc hinh thanh.
Chi c6 mot diém tiép xtc gitra phan tir khi CO va
SSPGNR trong khi d6 phan tir khi CO; c6 dén hai

diém tiép xuc véi SSPGNR, didu nay duoc mé ta cu
thé trong hinh 6A va 6B. Tuy nhién khi quan sat mau
hap phu NH3 thiy khong c6 sy hinh thanh lién két
cong hoa tri & day, vi & mit tiép xtc ctia phan tir
NH; véi dé SSPGNR khong c6 mat 6 dién tich ting
1én.

Vi trong ba chét khi chi ¢6 phan tir khi, NH3 1a
hap phu vat Iy nén n6 thich hop dinh huéng thiét két
sensor khi nhit. Chung t6i da tiép tuc khao sat cac
mau hap phu NHj trén sau vi tri hap phu kha di khac
nhau dé so sanh su thay ddi dic tinh van chuyén tai
cac vi tri nay. Hinh 7A mo ta day di cac vi tri kha
di ma NH3 c6 thé hap phy 1én SSPGNR trong do: vi
tri S1 va S2 ndm trén cing mot I6p va nam trén 16p
trén ciia dé SPGNR, diém T3 va T4 nam trén 16p
giira, vi tri S5 va S6 cing nam trén 16p dudi cing
cua dé SSPGNR.
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Hinh 7: Céu hinh linh ki¢n va dic tuyén 1-V

(4) S1 va 82 ndm ciing mgt 16p bé mat ; S5 va S6 ndm ciing mgt 16p bé mar. Diém T3 va diém T4 nam cing 16p giita. (B)
Ddc tinh Volt-Ampere cua hé NH3-SSPGNR tai 6 vi #ri hap phu. (C) Pho truyen qua T(E) cia NH;-SSPGNR cho 6 v; #ri

hép phu khdc nhau tai ciing mét dién thé 1.55V.

Hinh 7B thé hién méi twong quan gitra cuong do
dong va dién thé bias (I-V) cia cac mau hap phu
NH;va SSPGNR thuan dang khao sét, d& dang nhan
thay tat ca cac duong nay déu c6 hinh dang duong
dic trung 1 -V ciia ban dan, d6i véi ban dan khi dién
4p phan cyc chua du Ién thi linh kién ngung dan
nhung khi dién ap phén cyc dat I6n hon mot gia tri
du dé dién tr vuot qua rao thé thi linh kién bat dau
dan dién. Do dan cua cac mau hip phu déu giam so
v6i mau SSPGNR thuan. Tuy nhién, cuong d6 dong
tai cac vi tri khac nhau lai c¢6 sy khac biét khong 16n.
Cu thé, d6 thi cho thay cac duong biéu dién co gia
tri cuc dai lan lwot 1a 1,7755; 1,4528; 1,9923;
1,2904; 1,8281; 1,5032 (don vi 1a 107 nA) twong
g Véi cac vi tri tir mot dén sau. Twong ty cudng
do6 dong cuc tiéu lan Iuot 1a 0,00826; 0,00823;
0,00908; 0,00996; 0,01143; 0,0111 (don vi 1a 10°®
nA) tuong Ung Vi cac vi tri tir mot dén sau. Nhu
vy, khi thay ddi vi tri hdp phu ciia phéan tir NH3 trén
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dé SSPGNR thi ¢6 sy anh huong vé cuong do dong
tuy nhién sy anh huong nay khong déng ké. Piéu
nay xac nhan rang khi thiét két sensor khi dua trén
SSPGNR thi c6 thé phat hién ra phan tir khi NHz cho
du n6 hap phu tai bat ki mét vi tri nao. Két luan trén
g6p phan khang dinh NHs thich hop dé thiét ké
sensor khi.

Dé giai thich cu thé hon vé sy thay ddi cua duong
I-V & trén, quan sat hinh 7C mé ta phd truyén qua
T(E) cia mau NH3-SSPGNR cho 6 vi tri hap phu
trén tai ciing mot dién thé 1,55 V. Céc phd T(E) cua
cac mau hap phu nhin chung ¢6 hinh dang gidng
nhau. Nhu d4 n6i ¢ trén tat ca cac mau hap phu déu
c6 gia tri cwong do dong tai cac vi tri khac nhau gan
nhu khong d6i. That vay, quan sat hinh 7C, ta thay
tat ca cac duong biéu dién mau hap phuy trong cira so
bias déu co gia tri trung khop véi nhau. Nghia 1a
trong cong bias hé sb truyén qua cia mdi mau hap
phu déu c6 gia tri gan nhu 13 tring nhau. Didu nay
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1y giai tai sao khi cho hap phu phan tir khi NHs tri
cé}c v’i tri khac nhau cuong d6 dong dién cé su thay
doi rat nho.

4 KET LUAN

Toém lai, dac tinh dién tir va dic tinh van chuyén
dién tir cua cau traic SSPGNR dugc khao sat thong
qua hinh thirc hap phu cac phan tir khi CO, CO, va
NH; bang phuong phép nguyén 1y ban dau. Ca ba
chat khi nay sau khi hap phu 1én SSPGNR déu co
anh huong dén do dan cua hé tuy nhién sy anh
huong nay khong 16n. Bén canh d6, SSPGNR hip
phu cac phan tir khi CO hay CO;, déu xay ra hién
tugng hap phu hoa hoc, chi co khi SSPGNR hip phu
phan tir khi NHs thi cau tric sau khi hip phu méi thé
hién dic tinh hap phu vat 1y. Vi vay, trong ba phan
tir khi dwogc chon, khi NHj3 thich hop ding dé thiét
ké sensor khi hon. Sau khi tién hanh khéo sat dac
tinh van chuyén dién tir caa cac mau hap phu NHs
trén nhiéu vi tri kha di khac nhau, c6 thé khang dinh
phan tir khi NHz hoan toan c6 thé bi phat hién boi
sensor khi dya trén vat liéu Penta-graphene.

LOI CAM TA

Nghién ciru nay dugc tai trg b(”yi‘Du an Nang cap
Truong Pai hoc Can Tho bang nguon von vay ODA
tir Chinh phtt Nhat Ban (VN14-P6).
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