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Tom tat

Trong bai viét nay, chung toi nghién curu co ché hap phu cia khi NH, trén nén vat li¢u
MoSe, bdng cach phdn tich cau triic hinh hoc, goc lien keét, do dai lién ket, do cao theo
tryc z “ciia cdc nguyen tir Se va Mo, so sanh cau tric hinh hoc cua dé va khi truée va sau khi
hap thu. Dya trén cdc két qua tinh todn, chiing t6i cau triic vat liéu MoSe, da co suw thay doi
trieée va sau khi hap phu khi. Ngodi ra, dwa vao cau triic vung nang lu"ong va do thi mdt dp
trang thai, phdn tich dién tich bader, tinh toan cac tham so hap phy nhu nang licong hap
phu, khoang cach gitta khi va dé, thoi gian hoi phuc, do dich chuyén dién tich, chung toi
phan tich su bien doi va sw truyén dién tich, ya tir do, gidi thich dwoc co ché hap phy cua
vat liéu 2 chiéu MoSe, doi véi khi NH, va thdy dwoc rang sw hdp phu khi NH, trén nén vt
liéu MoSeZ la hap phu vat ly, thoi gzan hoi phuc nhanh chéng, rdt cé tiem nang vmg dung
lam vt liéu cam bién khi NH.,
Tir khéa: Hap phu, khi doc I\;H vt liu ban dan 2 chiéu, vat liéu méi MoSe,
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Abstract

In this paper, we explore the adsorption mechanism of NHs gas on MoSe: through a
comprehensive analysis of the material'’s geometric features, including bond angles, bond lengths,
and the vertical positions of Se and Mo atoms. We compare the structural arrangements of
both the substrate and the gas pre- and post-adsorption to discern any alterations. Based on the
computational results, we found that the structure of MoSe: undergoes noticeable changes upon NH
adsorption. Furthermore, by examining the band structure, density of states, Bader charge analysis,
and calculating adsorption parameters such as adsorption energy, gas—substrate distance, recovery
time, and charge transfer, we analyzed the variations and charge transfer processes, thereby
elucidating the adsorption mechanism of NHs on two-dimensional MoSe:. Our findings indicate
that NH;s adsorption on MoSe: is physisorption with a rapid recovery time, highlighting its great
potential as a candidate material for NHs gas sensing applications.
Keywords: Adsorption, toxic gas NHs, two-dimensional semiconductor, material MoSe:.

1. Pat van dé

Cac hoat dong cong nghi€p cua con
ngu(‘)ri ngay cang dugc mo rong, voi quy
mo rat 16n. Di kém véi loi ich vé kinh té,
mang lai cac san pham tot cho con nguoi
thi cdc nha mday san xuqt cong nghiép
cling da san sinh ra rat nhiéu chat ddc cho
con nguoi nhu la CO,, CO, NO,, SO,.
Amoniac (NH ) cung fa mot san pham tr
cong nghiép, rat o hai ddi v6i con nguoi

va moi truong. No co thé gdy anh hudng
dén duong ho hap, viém phé quan, bong
mit, bong da khi tlep xuc... Nong do cua
NH, tr 20ppm da gay kho chlu ddi véi con
ngu:(n va cling la gioi han cho phép luong
nong do NH, co trong khong khi. Khi nong
do NH VlIO't qua 2000ppm c6 thé gay tu
vong. Do d6, viéc can mot cam bién khi
v61 do nhay cao, thoi gian st dung dai dé
phat hién khi NH, la rat can thiét, ddc biét
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¢ nhitng nha may, khu cong nghiép ma san
xuat NH..

Trong nhirng ndm gan day, ung dung
vat liéu 2 chiéu lam cam bién khi da va
dang duge nghién ctru rong bdi cac uu
diém ctia n6 nhu co thé hoat dong ngay
¢ ca nhiét do phong, nang lugng tiéu thy
it va dac biét la rat an toan. Trong su no
luc khong ngung, cac nghién ctru trudce
vé su hap phu khi trén vat li¢u 2D MoSe,
con & muc so khai. V& thuc nghlem
Late et al da bao cdo s1nglelayer MoSe,
1a mot cam bién nhay voi khi NH, (Late
et al., 2014). Baek va cong sy da nghlen
cuu thuc nghi¢m bong ban din hi¢u tng
truong MoSe, da 16p lam cam bién khi
NO, (Baek et al. , 2017). Tuy nhién, theo
hiéu biét cua chung toi, trong cac cong
trinh ndy, co ché hap phu khi cia MoSe,
van chua dugc hiéu biét mot cach rd rang
Bong thoi, cac anh huong ctia sy hdp phu
1én chu tric dién tir va charge transfer
chua dugc khao sat chi tiét. Viéc lya chon
vat li€u thich hop cho cam bién khi rat
quan trong trong viéc tang do nhay, do
chon loc va do 6n dinh cua thlet bi. Van
de chi c6 thé duoc giai quyét néu co ché
hap phu khi dugc kham pha mot cach rd
rang. Trén co so do, trong bai viét nay,
bang cach t6i uu hoa can than vat li¢u 2
chiéu MoSe,, chung toi da nghlen cliiu co
ché hap phu cta vat li¢u doi voi khi NH-

. Dua vao cdu trac hinh hoc cua de SO
sanh su khac biét trudc va sau khi hap phu
khi NH, cua MoSe,, tinh toan chi tict vé
lugng dién tich bi rnat di, nang lugng hap
phu thoi glan phuc hoi, tir do, chung t61
giai thich vé co ché truyén dlen tich, dac
tinh hip phu cua vat liéu MoSe,

2. Phwong phap tinh toan

Céac tinh todn cua chung toi dugc
thuc hién trong khuon kho Iy thuyét phlem
ham mat do (DFT) bang phuong phap
PAW (proj ector—augrnented wave) (Kresse
& Joubert, 1999) st dung gdéi md phong

Hinh 1. Hinh chiéu canh (a) va hinh chiéu bang (b) cua dé MoSe

tir nguyén 1y ban ddu VASP (Kresse &
Furthmiiller, 1996). Chung t6i su dung
ndm phiém ham tuong quan vdw khac
nhau, cu thé, revPBE-vdW (Roman-Pérez
& Soler, 2009), optPBE-vdW, optB86b-
vdW, optB88-vdW (Klimes et al. 2011)
and vdW—DF2 (Lee et al., 2010) "dé xdc
dinh cau trac hinh hoc va nang lugng
hap phu ctua phan tu khi NH, trén don
16p MoSe,. Ngudng hoi tu cho céc tinh
toan self-con51stent field duoc dat 1a 107
cho mdi 6 va tit ca cac cau triic duogc t6i
vu hoan toan cho dén khi luc Hellrnann—
Feynman cuc dai tac dung 1én mdi nguyén
tir nho hon 0,01 eVA-!. Cac ham song dugc
mo rong bang cach thiét lap tap co s¢ song
phang voi muc nang lugng cat 1a 500 eV.
Pau tién, ludi K trong khong gian dao co
kich thudc 25%25 c6 tam tai gamma da
dugc sir dung dé téi wu hoa cau tric hinh
hoc ctia ML MoSe, unit cell. V&i hé hap
phu, mdt supercell MoSe, 4x4 dugc thiét
1ap v6éi mot khoang chan ﬁhong day ~25A
de loai bo sy tuong tac kha di gitra cac 16p
va ludi kich thude 5x5 da duoc st dung
Be tim dang hinh hoc 6n dinh nhét cia hé
hap phu (NH.-MoSe ,), Vige tbi uu hoa cau
tric dugc ti nh toan mot cach can than va
16p MoSe, bi han ché doc theo huorng Z.

3. Két qua va thao luan

3.1. Tinh chit va cdu tric hinh hoc cua
dé va khi trudc hap phu

a. Tinh chdt va cau triic hinh hoc cia dé
MoSe,

MoSe, c6 cu tric dang phan 16p,
phén 16p Mo kep ¢ gitra 2 phan 16p Se. Mo
va Se lién két cong hoa tri véi nhau tao
thanh mot hinh luc giéc nhu Hinh 1. Trong
do, theo tinh toan cua ching t6i, khoidng
céch gitta 2 16p nguyén tu Se lidn ké 13
3.286 A, d6 dai lién két glu:a 2 nguyén tur
Se va Mo la 2.525 A, goc lien két giira
cac nguyén tu Se-Mo- Se 1a 81.214°. Vi dé
MoSe2 da duoc t6i uu nén cac goc va do
dai lién két co gia tri 1a nhu nhau.

trude khi hap phu.

Nguyén tor Mo ¢6 mau tim, nguyén tr Se ¢ mau xanh 1 cay

(a)

@ w W W

(b)

Nguon: Két qua tinh todn ciia nhém tac gid
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b. Tinh chat va cau truc hinh hoc cua
khi NH

NI—i bao gdm mot nguyén tir N lam
trung tAm va 3 nguyen tar H lién két cong
hoa tri. Do c6 mot cdp electron khong lién

két & nguyén tir Nito, do d6, cau trac hinh
hoc phén tor NH, c6 dang t di¢n khong
déu. Tu tinh toan cua chung to1, do dai
lién két ciia H H,, vaH, v6i N lan lugt 1a
0.940 A, 1.029' A Vva 0.964 A

Hinh 2. Hinh chiéu bang cuia khi NH trude khi hap phu. Nguyén tr N ¢6 mau xanh con 3
nguyen tor H c6 mau hong

3.2. Tinh chat va cu trive hinh hoc ciia
dé va khi sau hap phu
a. Céu triic t6i wu

Nguon: Két qua tinh todn ciia nhém tac gid

Hinh 3. Cau trac hinh hoc cua don 16p MoSe, sau khi hép phu khi NH,:
(a) hinh chiéu canh; (b) hinh chiéu bing

P

c

L.
(a)

b. D¢ dai lién két va goc lién két

A AL L
. fli

Enni

Nguén: Két qua tl'gz)todn cua nhom tac gia

Doi voi khi NH :
Bang 1. Bang do khoang cach lién két va ~goc lién két ctia phan tir NH, trudc va sau khi
hép phu
Khoang cach lién két (A) Géc lien két (dd)
STT Truéc | Sauhdp | D chénh Truéc hap| Sauhap | Do chénh
hap phu phu Iéch phu phu léch
1 | NI-HI | 0.94020 | 1.02061 | 0.08041 | HI-N1-H2 | 108.8298 | 106.7520 -2,0778
2 | NI1-H2 | 1.02936 | 1.02068 | -0.00868 | HI-N1-H3 | 114.6080 | 106.6996 -7,9084
3 | NI-H3|0.96367 | 1.02040 | 0.05673 | H2-N1-H3 | 106.9861 | 106.7512  -0,2349

T Bang 1 ta co thé thay, phan tir khi
NH, da bi co lai vé goc sau khi hap phy.
Goc lién két gitta H -N -H, la co lai nhi¢u
nhét (co lai 6 64%) con goc lién két gilia
Hz'Nl -H, 1a co lai it nhat (co lai 0,22%).
T& hinh’ veé cau hinh sau khi hap phu ta
cling c6 thé thdy duoc nguyén nhan cua nd

Nguon: Két qua tinh todn ciia nhém tac gid

la do nguyen te H, va nguyen tr H, nam
gan nguyen tir Se6 con nguyeén tur H2 nam
xa nguyén tir Se6 cua dé. Sau khi hip phu
thi khi NH3 tr¢ thanh dang hinh chép tam
giac déu.

Poi véi dé MoSe,:

Tu bang tinh t04n do dai lién két,
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chung ta c6 thé thay dugc rang, do dai lien
ket gitta Mo va Se ¢ dé va goc lién két gitra
chung deu tang lén. Dac biét 1a ¢ nhitng vi
tri ma dé hap phu khi NH., noi d¢ dai lién
két gitta Se va Mo bién doi it nhét 1a noi
xung quanh nguyen tr Se,. Khi d¢ dai lién
ket ciia cac nguyen tir Se V01 nguyén to Mo
(tang tir 1,59% dén khodng 1,68%) nhung
doi voi do dai lién két Mo -Se Mo -
Se,, Mo.-Se, (tang chi khoang 1 369% dén

khoang 1,46%.
c. D¢ cao theo truc Z cua cac nguyén tir

~ Sau hap phy, d6 cao theo truc Z cua
tat ca cac nguyén tu Mo theo xu huérng
chung déu giam xuong. Nguyen tr Mo, ¢6
do cao glam nhiéu nhat, nguyén tir Mo
cg do cao glarn it nhat Tuy nhién, do thay
d6i trude va sau hap phu 13 khong dang ké,
nam trong dai tir 0.6405 dén 0.6457, tic 1a
d6 bién dong 16n nhét 12 0.81%.

Hinh 4. D6 cao theo truc Z ciia cac nguyén tir Mo trude khi hip phu va sau khi hip phu
khi NH,
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Sau hap phuy, cic nguyén tir Se ¢ 16p
, ¢0 do cao
tang 1én khong dang ke Cac nguyen tor Se

trén gan voi khi, tir Se, dén Se

& 16p dudi xa khi nhat, tir Se,, dén Se,,,
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Nguon: Két qua tinh todn ciia nhém tic gid

cd do cao glam khong dang ké. Do thay
d01 trude va sau hap phu la khong dang ké,
nam trong dai tir 0.12874 dén 0.12927, tirc
1a d6 bién dong 16n nhat 13 0.41%.

Hinh 5. D6 cao theo truc Z cﬁa cac nguyén ttr Se trudc khi hap phu va sau khi hip phu
khi NH
3
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Nguyen tir Se

Vay sau khi tinh toan d6 cao Z cua
16p nguyén tir Se-Mo-Se, ta thay rang, do

Nguon: Két qua tinh todn ciia nhém tac gid

cao Z cua lop Se gan khi nhét ting lén,
d06 cao Z cua l6p Mo va Se xa khi nhét
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giam xudng, Piéu nay co thé 1a do dé da
cho mot phan dién tr dén khi 1a 0.107e
(xem phan tinh toan d6 dich chuyén dién
tich).

Ngoai ra, d am dién clia nguyén ti
la dai lugng dédc trung cho kha nang hut
cac dién tr. Tu i thuyét cua hoa hoc, ta
biét rang do am dién cua cac nguyén tir
Mo, Se, N, Hlanlu0t1a18 2.55, 3.04
va 2.2. Ta co thé thay rang do am dién
cua N 12 khé 16n, trong khi d6 do 4m dlen
cta Mo la kha nho. Chung ta cling co thé
du doan rang, & dé phan mat dién tich
nhiéu nhit la xung quanh nguyén tir Mo
va nhan nhiéu dién tich nhat 1a 6 nguyén
tor N cua khi.

3.3. Ciu tricc viing ning lwong va do thi
mdt do trang thdi

Hinh 6 biéu dién cdu tric ving ning
lu(mg khi dé MoSe, hap phu khi NH,. Cau
tric Vung nang hrong (band structure) mo ta
cach ma cdc muc nang lugng cua electron
duoc phan bo trong mot hé vat liéu. Cu the,
nd biéu dien moi quan hé giﬁ’a nang luong va
vecto song (wave Vector) cua electron. Truc
tung cua do thi cau truc Vung nang luong
thé hién mirc nang lugng cua electron, nod
duoc chia thanh cac dai nang lu:orng Truc
hoanh cua dd thi biéu dién vecto song clia
electron. Trude khi hap phu khi, do rong
vung cam la 1.406 eV, kiéu truc tiép, tuong
ung voi chuyén dich K-K.

Hinh 6. Cau tric ving ning luong khi dé MoSe, hap phu khi NH,

Energy (eV)

Wave Vector

Hinh 7 bidu dién d6 thj mat do trang
thai ciia hé hip phu NH,-MoSe,. Do thi
mat do frang thai (dens1ty of states DOS)
cung cép thong tin vé phan phdi ciia cac
trang thai electron trong mot h¢ vat ligu.
Truc hoanh cua DOS dai dién cho muc
nang luong. No thuong duoc chia thanh
cac don vi nang luong va cho bict s6 lugng

Nguon: Két qua tinh todn ciia nhém tdc gia

trang thi electron trong mdi don vi ning
lugng d6. Truc tung cua DOS thé hién so
lugng trang théi electron tai tirng mirc nang
lu’ong Dicu nay co thé giap danh gia mat
do cua céc trang thai trong dai nang luong
cu thé. Trén dd thi DOS, khodng cach gura
HOMO va LUMO ciing “cho ta bidt do rong
ving cam cua hé vat liéu.

Hinh 7. D4 thi mat do trang thai cua NH,-MoSe,

Total Density of States

Density of States

Total DOS of NH3-MoSe?2

-1 o 1 2 3
Energy (eV)

Nguon: Két qua tinh todn ciia nhém tdc gia
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3.4. Cac tham sé tinh todn ciia qud trinh
hép phu
a. Nang leong hdp phu

Trong linh vuc cam bién khi, ning
luong hap phu t thé hién kha nang cua mot
vat liéu cam bién (thyong 1a mot loai chat
hap phu) trong viéc hap thy khi muc tiéu tir
moi tru’ong xung quanh Céac cam bren khi
thuong sir dung vat liéu hap phu dé tuong
tac voi khi va tao ra mét sy thay doi do
dugc, nhu dién trd, dong dién, hay mot dac
tinh khac, dya trén muac do hap phu cua
chat nay.

Ning luong hép phu duoc dinh nghia

nhu sau:
Esub) (1)

VOi Egasisub, Egas Va Egyptuong ing
la tong nang lugng cua hé hap phu, phan tir
khi c6 1ap va de co lap.

Ning lugng ctia khi NH, va dé MoSe
khi c6 lap lan luot la 17.74937372 eV
va 210.45607523 eV. Nang luong cua hé
hap phu NH, va MoSe, la 228.39674072
eV. Vay nang lugng hap phu tinh duogc la
191.3 meV. )

b. Khoang cach gill"a khi va de

T két qua tinh toan, ta thu dugc
khoang cach thap gitra khi NH, va dé
MoSe, 1a 3.06 A. Khoang cich ‘ndy 1a 16n
dé cac nguyen tur xay ra lién két hoa hoc.
Do vy, giita dé va khi chi xay ra twong tac
vat ly.

c. Thoi gian hoi phuc

Thoi glan hoi phuc (recovery time) la
thoi gian ma mot cam bién can dé quay vé
trang thai ban dau sau khi da bj tac dong
hodc tiép xtic vai mot loai khi muc tiéu.
Béy la mC)t yéu t(”; quan trong do Iuc‘mg kha
ndng cua cam bién trong viéc phuc hoi va
chuan bi cho céc do luong tiép theo. Thoti
gian phuc hdi duge xem 1a mot thong s6

Ead = Egas+sub - (Egas +

hiéu suat quan trongadé' danh gia tinh hi¢u
qua cua cdm bién. Dé xem xét tinh uu viét,
cling nhu tiém nang ung dung cam bién
nhay khi cua vat li€u, ching t61 tinh toan
vé mat Iy thuyét thoi gian phuc h hoi sir dung
cong thuc lién quan dén 1y thuyét trang thai
chuyén tiép (transition state theory):

_Ead
k, T

T=0"exp

voiv=10"s",k =8.318x 10~°kj/mol K
va T = 300K lan luort la tan sO thir nghiém
(attempt frequency) hing sb Boltzman,
va nhiét do. Chung £6i tinh toan duoc thoi
gian phuc héi ciia @ MoSe, 1aT = 10725

. Ta thdy vat lieu MoSe, ¢6 thoi gian phuc
hoi kha ngan khi hap phu khi NH,.
d. Pé dich chuyén dién tich

Phéan tich dién tich Bader (Bader
charge analysis) 1a mot phuong phap duoc
st dung dé do luong su phan bo cua dién
tich trong cac h¢ phtrc tap, d;“lc bigt 1a trong
cac tinh the, phan tir, hay cau trac nguyén
tu. Phuo’ng phap nay thuorng dugc su dung
dé xac dinh phén bo cac dién tur trong cac
vung khong gian nhat dinh ctia mot hé, va
tir d6, x4c dinh dién tich cuc bo trén cac
nguyén tu, phan tur, hay tinh the Phan tich
dién tich Bader c6 thé cung cap thong tin
quan trong vé tuong tac va lién két electron
trong cac hé phtrc tap.

Bang céch st dung phuong phap phan
tich dién tich Bader (Henkelman et al.,
2006), su dich chuyén dién tich gifta khi
va d¢ dugc danh gia va phan tich cu thé.
Chénh léch mat d¢ dién tich cua hé AB la
trong do la dién tich cua hé hap phu, va
lan luot 14 dién tich h¢ vat liéu va hé khi co
1ap, dugc xac dinh thong qua mat d@ dién
tich trong tinh toan truong tu hop.

Hinh 8. Céu trac ciia dé va khi sau khi hap phu (thé hién 5 cac nguyen tor Se ¢6 mau
xanh nam phia trén, cac nguyén tir Mo nam phia dudi, nguyén tir Se6 gan khi NH3 nhat)

@ &
&

o & &
@

&
s &
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Hinh 9. Cu truc ctia dé va khi sau khi hip phu (thé hién r& phan tir NH3 ndm hoan toan
phia trén hai nguyén t&r Mo—10 va Se6)

Nhin vao vi tri twong quan gitra khi
va cac nguyén tor & dé trong cau hinh hap

phu nhu Hinh 8 va dac bié¢t 1a Hinh 9, ta

Nguon: Két qua tinh toan ciia nhém tac gid

thdy rang, cac nguyén tir bi anh huong
manh boi qué trinh hap phu lan luot 1a Seo6,
Mo10, Mo6, Mo5.

Hinh 10. Lugng e bi mat ctia nguyén tir Se ¢ 16p trén sau khi hap phu khi NH3
Se6 Sed Sel6 Seld Sel Sed Sel? Se3 Sel4 Se7 Sell Se2 Sed Sel5 Seld Ses

0 -
-0.02 A
-0.04
-0.06 1
-0.08

0.1 -
-0.12 A
-0.14 A

(e)

Tén

tir Se & lép t

-0.16 -

-0.18

Lwong e bi mét sau hﬁ"p phu ciia

cicnguyén

0.2

Trudc hét, chiing t6i xét cac nguyén tir
Se ¢ 16p trén cung (gan véi khi hap phu),
tirc 1, cac nguyén tir tir Sel dén Sel6. Sau
khi hap phu, dién tich cua tat ca cac nguyén
ta Se ¢ lop trén cung nay deu theo xu hudng
chung la bi giam (tic la chung cho dién

Chc nguyén tir Se & 1op trén
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tich). Nguyén tir Se6 bi giam dién tich nhiéu
nhat (0.17685¢), nguyén nhan c6 thé dugc
cho 1a do vi tri cua nguyén tir Se6 gan khi
nhat (quan sat hinh chi€u bang trong hinh
v€). Ta chu y rang, sau qua trinh hap phu dé
cho khi mét luong dién tich 1a 0.107e.

Hinh 11. Lugng e nhan thém cua nguyén tir Mo & 16p giira sau khi hap phu khi NH3

0.35

0.3
0.25

I6p gitra (e)

Lwong e nhdn thém sau bip
phu cia cdc nguyén tie Mo &

Céc nguyén ti Mo ¢ lép giira
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Tiép theo, chiing t6i xét cac nguyén
tr Mo ¢ 16p giira, tirc 1a, cac nguyén tir tur
Mol dén Mol6. Sau khi hap phu, dién tich
cua tat ca cac nguyén tr Mo ¢ 16p gitra nay
déu theo xu hudng chung la tang 1én (tiac
la chung nhan dién tich). Tir Hinh 11 ta
thay nguyén tir Mol0 c6 luong dién tich
tang 1én 1a it nhat (0.13551¢), nguyen nhan
c6 thé dugc cho 1a do vi tri cua nguyén tur
Mol0 gan khi nhat, va dong thoi, nguyén
tor nay cling co hen Kkét cong hoa tri truc

tlep v61i nguyén tu Se6 bi mat dién tich
nhiéu nhat nhu da phan tich & trén (quan
sat hinh chiéu bang trong hinh v€). Ta co
thé nhan dinh rang, luong dién tich Mol0
nhan duoc da bi chuyén dich mot phan
dang ké sang nguyén tir Se6, va dién tich
tu nguyén tir Se6 bi chuyén dich phan 16n
sang khi. Chinh vi vay, luong dién tich cya
nguyén tir Mo nhén thém sau qua trinh hap
phu 14 nho nhat so véi tat ca cac nguyén tur
Mo con lai.

Hinh 12. Luong e bi mat ciia nguyén tir Se ¢ 16p dudi sau khi hdp phu khi NH3

Sel7 Se24 Se2l Se29 Se2d Sel8 Se32

-0.04 -
-0.06 -
-0.08 -
0.1 -
-0.12 1
-0.14 -

tir Se & lop

dwdi (e)

Sel5 Sel7 Se26 Sel8 Sel3 Se31 Se22 Se30 Sel9

0.
i HH NN NNNNNNNNNNN
EEEEEEEEEEEEEER

clia cic nguyén

-0.16 A

Lwong e bi mit sau ll?’l:p phu

-0.18

Cac nguyén ti Se ¢ 1op dwdi

Sau do, chung toi xét cac nguyén tur
Se ¢ 16p dudi cung, tirc 13, cac nguyén tur
tur Se, den Se,,. Sau khi hép phuy, dién tich
cla tat ca cac nguyen tu Se ¢ 16p cudi cung
nay déu theo xu hudng chung la giam di
(tuc 1a chﬁng cho dién tich) Tu Hinh 12,
ta thay nguyen tr Se . c6 lugng dién tich b1
mét 14 nhiéu nhét (0. 170926) nguyén nhén
¢6 thé duge cho 1a do chudi lién ket Se, .-
Mo.-Se, (nguyen tir Se ., ¢6 lién két cong
hoa tri truc tiép voi nguyen tr Mo, nguyen
tr Mo, ¢0 lién két cong hoa tri tru:c tiep voi
nguyen tu Se,).

Su dich chuyen dién tich tir dé sang
khi véi luong dién tich la,O 107e. Nhu da
phan tich ¢ trén, sy phan bo lai dién tich khi
hap phu lam cho phan tir NH ,tang momen
luong cyc dién, trong khi do su mat dién
tich & dé khién cho n6 giam dle;n tré. Diéu
nay la hoan toan hiru ich khi chiing ta c6
the st dung d¢ dé lam cam bién phait hién
khi NH,. Ching ta do do nhay cua no khi
gap khi'NH ,thong qua do dién tré hodc do
dan dién clia MoSe,.

4. Két ludn

Bing cach tdi uu hoa cac hé thdng
hap phu, str dung cac phuorng phap toa do
khong gian, tinh toan so li¢u vé cau truc

Tai liéu tham khao
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hinh hoc trudc va sau khi hép phu khi NH,,
céu tric ving nang luong, mat do trang
thai, cac tham so ctia qua trinh hap phu cua
vat heu nen MoSe,, chung t6i da nghlen
ciru co che hap phu khi NH, trén nén vat
ligu 2 chleu MoSe2 dé siur dung n6é lam
cam bién khi, phat hién sy c6 mat cua khi
doc NH, trong khong khi & cac nha may,
xi nghlep Qua nghién ctru, ta co the thay
rang khi hap phu khi, vat lidu 2 chiéu nay
da mat di mot luong dién tich 14 0.107¢, tir
do lam glam dién tr¢ cua MoSe,. Thong
qua do, ta co thé xac dinh su c6 mat cua
khi doc NH, thong qua viéc cho vat liéu
MoSe, tuong tac voi khi va do dién trd cla
no. Ngoa1 ra, thoi gian phuyc hoi cia MoSe
rat ngan (co 10"%s) cho thay su uu viét va
tiém nang 16n cua MoSe,, ung dyng no dé
lam cam bién khi NH,.

Lo&i cdm on

Nghién ctru nay dugc tai tro boi
TrLrorng Dai hoc Su pham Ha No6i 2 qua bé
tai c6 ma so SV.2025.HPU2.07.

Nhom tdc gia trn trong cam on sinh
vién Tran Tuan Anh va Nguyén Minh Tién
(Khoa Vat ly, Truong DPHSP Ha Noi 2) vi
da danh thoi gian doc ban thao va dua ra
nhitng gdp v quy bau cho nghién ctru nay.
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