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ABSTRACT

In this study, employing density functional theory, the optoelectronic
properties of quantum dots based on one-, two-atom-doped pentagonal
single-layer PdSe: material are studied. The results reveal that QD-Rul
and QD-RulO2 are the most stable structures, exhibiting absorption
peaks in the infrared range with wavelengths around 3,000 nm.
Introducing atomic impurities of Ruthenium (Ru), Rhodium (Rh), Silver
(Ag), Oxygen (0O), and Sulphur (S) at respective positions leads to a
narrowing of the bandgap width in most cases compared to the original
structure, except for QD-Rh1 and QD-Rh102. Moreover, the absorption
peak shifts resulting from the introduction of single and double impurities
O and S predominantly occur along the Oz axis, with corresponding
wavelengths falling within the range of approximately 2,000 nm to 3,000
nm in the infrared region. These findings highlight the utility of atomic
impurity doping as a promising method to discover novel structures for
the development of optoelectronic applications using Palladium
diselenide quantum dots.

Keywords: Absorption spectrum, density functional theory,
electronic properties, quantum dots PdSe;
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1. PAT VAN BE

Trong nghién ctru vé& ma trén dién moi thuy tinh,
Ekimov et al. (1985) da vo tinh phat hién ra cac
cham luong tir 14 cac tinh thé nano tir cac vat liéu
ban dan (kim loai hodc polyme). Céc cu tric nano
ban dan hay kim loai, dic biét 1a cac chim luong tir
ban dan hay kim loai da dugc cong déng khoa hoc
trong nudc quan tdm nghién ctru ca khia canh thi
nghiém, tinh toan 1y thuyét va phat trién tmg dung
(Thao va ctv., 2022). Vé mit 1y thuyét, mot chim
luong tir thong thuong co kich thude khoang 2 - 10
nanomet, cac chim lugng tir nay bi gii han trong
ba chleu khong gian nén cac electron va 16 trong bi
giam cam, didu nay din t6i sy thay ddi tinh chét dién
tor va quang hoc cua vat li€u (Arakawa & Holmes,
2020). Ciu triic 0D hay con goi la cac chdm luong
tir ngay cang phd bién do nhiéu dic tinh vat 1y hap
dan méi la (Moreau et al., 2001). Gan day, cac chdm
luong tir 43 dwoc quan tdm nghién ctru nhidu trén
thé gidi vi nhitng dac tinh wu viét cua nd trong viéc
phat trién cac linh kién dién tir hay quang dién tir thé
hé méi véi kich thude bé, hoat dong tiéu ton it nang
luong, téc dd chuyén mach nhanh do d6 linh dong
dién tir cao. Nhitng hiéu Gng vén chuyén dién tur,
luong tir do hiéu g giam cam luong tir boi cu tric
(Tien et al., 2016; Cywinski et al., 2018). Viéc diéu
khién céc tinh chét dién tir va phd hip thu cta cac
bang nano PG gin day da duogc thuc hién bang cach
sir dung nhiéu k¥ thuat thiét ké vat liéu co sy hd trg
clia may tinh, ching han nhu pha tap nguyén tir
(Tien et al., 2019), toi hoa bién (Tien et al., 2020) va
hap phu vét 1y va hoa hoc (Mi et al., 2020).

Trong nudc, cac cong trinh nghién ciru vé cac
cAu trac nano ban dan hay kim loai, dac biét 1a cac
cham luong tir ban dan hay kim loai di dugc quan
tdm nghién ctru ca khia canh thuc nghi€m, tinh toan
Iy thuyét va phat trién ing dung (Nghia et al., 2020).
Penta-graphene (PG) la vat liéu moi duoc phat hién
gan déy, xay dung trén co so tinh thé T12-carbon.
Vit liéu nay dugc tién doan s€ so hiru nhiéu dic tinh
vat Iy méi. Cac nha nghién ctru x4c nhan rang PG
khong hoan toan phang va hinh thanh mang cac
nguyén tir Carbon cé dang ngii giac (Zhang et al.,
2015). Gan day nhat, PdSe; (Palladium dzselemde)
dang ngii gidc voi tinh 6n dinh trong méi truong
khong khi tot da dugc tong hop thanh cong (Oyedele
et al., 2017). Chung c6 cac tinh chét dién tir doc dao
nhu d6 rong ving cAm ¢& 1,3 eV phit hop cho phat
trién cac linh kién ban dan, do linh dong cao (~158
em?V~'s™), va hé sb Seebeck 16n (> 200 pV/K). Vat
liéu PdSe, ciing hta hen cho cac tng dung
spintronic, dién tir va quang dién tir (Zeng et al.,
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2018; Tien et al., 2023). Vat liéu PdSe; khi tap cac
nguyén tir Ru, Rh Ag, O va S da dugc thuc hién
trong mot s6 nghién ctru 1y thuyét. Cu thé, dac tinh
hap phu ctua SO, va SO; trén PdSe; 2D pha tap
nguyén tr Ru va Rh di dugc nghién ciru bang cach
phuong phép phiém ham mat do (DFT) (Chettri et
al., 2022). Két qua tinh toan st dung DFT ciing chi
ra rang PdSe; pha tap Rh giup tang cuong dang ké
hiéu suat hip phy H, (Zhao et al., 2022). Ngoai ra,
Ag-PdSe; la vét liéu tiém nang cho su phat trién cam
bién khi CO (Zhao et al., 2022). Két qua nghién ctru
1y thuyét va thyc nghiém da cho thay su thay thé
nguyén tir Se boi nguyén tir oxygen trong cau trac
penta PdSe; 2D c6 thé ting cuong hiéu suat xuc tac
cua PdSe; (Liang et al., 2020).

Tuy nhién, viéc nghién ctru cac QDs PdSe; van
con it. Vi vay, dé tai s& nghién ciru sy 6n dinh ciu
triic, tinh chat dién tir va phé hép thu cta céc ciu
trac chdm luong tir PdSe; dang ngii giac théng qua
nhimg tinh todn mé phong trén co s¢ nguyén ly ban
dau nham hudng t61 phat trién vat liéu méi ing dung
trong viéc phat trién cac thiét bi quang dién tir.

2. AI}JH HUONG CUA TAP DON ;El\g
TINH CHAT QUANG PIEN TU CUA
CHAM LUQNG TU PDSE;

2.1. Thiét 1ap mé hinh va tinh toan

Nim dang cu tric pha tap don nguyén tir khac
nhau dugc hinh thanh tir cdu tric chdm luong tir
PdSe; ban dau khi thuc hién thay thé nguyén tir Pd
(37) - vi tri ¢6 lai héa sp® bang cic nguyén tir
Ruthenium (Ru), Rhodium (Rh), Silver (Ag) va cac
nguyén tir Oxygen (O), Sulphur (S) tai vi tri nguyén
tir Se (27) — ¢6 lai hoa sp2. Tdi wu sau dang céu triic
PdSe; QDs pha tap don nguyén tir bao gom QD-non,
QD-Rul, QD-Rhl1, QD-Agl, QD-02 va QD-S2.
Céc tinh toan tdi wu, dic tinh dién tir va phé héip thu
clia cac cu trac khao sat dugc thuc hién boi goi
phan mém QuantumATK (Smidstrup et al., 2019)
v6i phuong phap DFT-LCAO (Linear Combination
of Atomic Orbitals) trong diéu kién k-point 1x1x1
theo ba phuong x : y : z v6i nang lugng cut-off 1a
1500 eV. Ap ving chan khong 15 A theo ba chiéu
X, y, z dé tranh tuong tic anh gitra nhimg ciu tric.
Tét ca tinh toan dugc thuc hién sau qua trinh tdi uu
hinh hoc sao cho lyc tac dong 1én mdi nguyén tir
khéng vuot qua 0,03 eV/A va 1075 eV 1a tidu chi hoi
tu cho tong nang luong.
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Ciu triic trudc t0i wu

Hinh 1. Ciu tric chim lugng tir PdSe: ban diu
trudce toi vu
(Hinh cdu mau xanh dwong va mau cam lan liwot twong

ung la cdac nguyén tur Paladium va Selenium)

Cau tric sau toi wu
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Heé sb hap thy cua vat liéu dugc x4c dinh thong
qua phuong trinh

o =298 (1)

C
v6i ¢ 1a van tbe anh sang trong chan khong va
K 1a hé sb tit dan dugc xac dinh tur ph?m thuc
gl(a)) va phan a0 &, (a)) cua ham dién moi
(Singh et al., 2016)

2 2
\E T & &

K= ————

e(w)=¢ (0)+is, (o). 3)

QD-Agl

QD-02

QD-S2

Hinh 2. Cac céu tric sau khi t8i wu ciia chAm lwong tir PdSe: pha tap don nguyén tir khac nhau

(Hinh cdu mau xanh dwong, cam, xanh ld, tim, ndu, do va hé‘ng lan lwot twong g voi cdac nguyén tir Pd, Se, Ru, Rh, Ag,

0va s)
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2.2, Két qua va thio luan

Khao sat su én dinh cta cac céu tric, nang luong
lienkét £, ciia cac mau nghién ctru dugce xac dinh
theo cong thirc sau (Yuan et al., 2017)

(Emtal

- nPdEPd - nSeESe - ndopingEdnping )

EB

nPd + nSe + ndaping
“

trong d6 Eyy¢q; 12 ning luong téng cho PdSe; QD
ma ta dang xét; Epg , Eseva Eqoping lan luot 1a ning
lugng riéng ctia cac nguyén tir Pd, Se va cac nguyén
ttr pha tap; npg, Nge VA Ngoping 1an luot 14 s6 nguyén
tir ciia nguyén tir Pd, Se va cac nguyén tir pha tap.

Két qua ning luong lién két ciia cac mau QD-

non, QD-Rul, QD-Rh1, QD-Agl, QD-02, QD-S2
lan lugt1a- 4,12 ¢V, - 4,18 eV, - 4,15 eV, - 4,09 eV
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va-4,15eV,-4,13¢eV. TAt ca cac cAu tric khao sat
déu 6n dinh vé mit nhiét dong hoc. Piéu nay cho
thdy sy 6n dinh ciia cac cu triic PdSe, khi pha tap
v6i cac nguyén tir Ru, Rh, Ag, O va S. So véi cac
cau trac tap don khac, céu trac QD-Rul cho thiy sy
6n dinh nhat.

Thong sb vé d6 dai lién két ca trude va sau tdi
wu cua cac lién két xung quanh vi tri pha tap dugc
trinh bay trong Bang 1. Cac do dai lién két xung
quanh vi tri pha tap déu c6 sy chénh léch gira trudc
va sau t6i ru khi so v6i PdSe, QD ban dau. Sy chénh
léch d6 dai lién két d6i v6i timg cdu trac pha tap don
nguyén tir chiu sy anh huong chii yéu cua dudng
kinh nguyén tir pha tap so v6i nguyén tir ban dau.
C6 thé thiy, sau khi toi wu do dai lién két xung
quanh tap cia cic cdu tric déu c6 xu huéng giam
ngoai trir cdu trac QD-Ag].

Bang 1. P dai lién két quanh vi tri pha tap ciia cdu triic PdSe: QDs véi X 1a nguyén tir Pd (37), Ru, Rh,
AgvaylaSe (27), O, S twong rng vo6i tirng cau truc tap don

Mau

Lion két QD-Rul QD-Rh1 QD-Agl QD-02 QD-S2
Truéc tdi wu

X-Y 2,449 2,449 2,449 2,449 2,449

X - Se (35) 2,452 2,452 2,452 2,452 2,452
X - Se (29) 2,447 2,447 2,447 2,447 2,447
X - Se (23) 2,453 2,453 2,453 2,453 2,453
Y - Pd (42) 2,360 2,360 2,360 2,360 2,360
Y - Se (31) 2,388 2,388 2,388 2,388 2,388

Sau tbi wu

X-Y 2,410 2,419 2,554 1,812 2,270

X —Se (35) 2,428 2,443 2,548 2,423 2,45
X - Se (29) 2,446 2,450 2,562 2.4 2,453
X - Se (23) 2,430 2,453 2,546 2,45 2,456
Y - Pd (42) 2,383 3,365 2,347 2,196 2,259
Y - Se (31) 2,394 2,386 2,373 2,159 2,356

Ghi chit: Chiéu dai diege tinh bang don vi A

Gian d6 viing Hinh 3 cho thay d6 rong ving cim
clia cac ciu trac pha tap don nguyén tir dao dong
trong khoang tir 0,13 eV dén 0,27 eV. Cac ciu trac
pha tap nguyén tir khac nhau cho thay su chénh léch
dd rong ving cam 1a khac nhau dang ké. So véi do
rong vung cam cua mau QD-non ban dau ta thdy
duoc ngoai trur ciu tric QD-Rh1 ra cac cdu trac con
lai d rong ving cdm déu giam khi pha tap. Cac cau
traic QD-Rul, QD-Agl, QD-02, QD-S2 thé hién
dic tinh ban dan.

44

Db thi mat do trang thai tng (DOS) va mat do
trang thai riéng (PDOS) ciia timg ciu trac dugc mo
ta trong Hinh 4. C6 thé thiy 3, & tit ca cac ciu tric
duogc khao sat, sy dong gop cua nguyén tir Se 1a vuot
trdi so voi cac nguyén tur con lai. Sy dong gdép cla
nguyén tir Ru va Rh cho cudng d¢ cao hon di véi
cau truc dugc pha tap boi cac nguyén tir Ag, O, S.
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Hinh 3. Céu triic ving ciia PdSez QDs véi cc ciu triic pha tap don nguyén tir khac nhau
Ghi chii: a) QD-non, b) OD-Rul, ¢) OD-Rh1, d) OD-Agl, e) OD-02, f) OD-S2

Ta théy r?lng, $0 v&i mau thudn QD-non, su phan
bd mat do trang thai riéng phan (PDOS) cua cac cAu
tric dugc pha tap bdi cac don nguyén tir c6 sy khac
biét dang ké. Co thé thy, cuong do va vi tri mat do
trang thai clia nguyén tir Pd va Se sé& thay doi khi
thuc hién pha tap don nguyén tir Ru, Rh, Ag, O hodc
S. Cu thé, so v6i QD-non, mét d¢ trang thai ctia Pd,
Se & viing hoa tri dich chuyén ra xa mirc Fermi khi
thuc hién tap nguyén tir Rh. Két qua 1a QD-Rh1 cé
vung caAm dugc mo rong khi thyc hién pha tap Rh.
Nguoc lai, mat d6 trang thai cua Pd, Se & vung hoa
tri dich chuyén lai gﬁn muc Fermi khi thuc hién tap
nguyén tir Ru, Ag va O lam cho d6 rong ving cim
QD-Rul, QD-Agl va QD-02 gidm so v6i mau
thuan. Bdi voi QD-S2, phé mat do trang thai ctia cac
nguyén tir Pd, Se khong c6 su khac biét dang ké so
v6i QD-non. Piéu nay c6 thé do sy trong dong vé
s6 electron hod tri giita Se va S. Vi vay, khi pha tap
thay thé mot nguyén tir Se bang mot nguyén tir S,
dac tinh dién tr cua vat liéu gﬁn nhu khong doi.

45

Phd hép thy cua cac PdSe, QDs pha tap don
nguyén tir khac nhau dugc mé ta trong Hinh 5. Két
qua cho thdy dinh hap thu cta cac cdu trac QD-non,
QD-Rul, QD-Rh1, QD-Agl, QD-02, QD-S2 thudc
ving hdng ngoai twong tng véi bude song trong
khoang tir 2.000 nm dén 5.000 nm v&i dic tinh di
hudng khac nhau. Quan sat c6 thé thdy hai céu trac
QD-Agl va QD-S82 ¢6 cuong do hép thu theo
phuong Oy téng so v6i céu trac QD-non, nguoc lai
cac cAu tric con lai c6 cuong do hap thu theo
phuong Oy 1a giam khi pha tap nguyén tir. Dong thoi
theo phuong Oz tat ca nim cau tric tap cuong do
hép thy déu giam. Tét ca cac cdu tric déu co cudng
do dinh hép thu manh nhat quan sat dugc trén
phuong Oy. Su dich chuyén vi tri dinh phd theo
phuong Oy dudng nhu 1a khong c6 ddi véi tit ca cau
trac, chi xuét hién dbi voi phuong Oz cua hai chu
trac QD-Rul, QD-Rhl va ddng thoi theo phuong
nay tat ca nam cau tric cuong do hap thu déu giam
s0 véi cAu trac khong pha tap.
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Hinh 4. Mit d trang thai tong (DOS) va mit dd trang thai riéng (PDOS) ciia PdSe: QDs pha tap don

khac nhau
a) QD-non b) QD-Rul ¢) QD-Rh1
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Hinh 5. Phé hép thu quang ciia cac chAm lugng tir PdSe: véi cac nguyén tir tap don khac nhau
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3. ANH HUONG CUA TAP POI LEN
TINH CHAT QUANG DIEN TU CUA
CHAM LUQNG TU PDSE:

3.1. Thiét 1ap mé hinh va tinh todn

Sau céu tric pha tap d6i nguyén tir khac nhau
duogc hinh thanh tir cau trac cham luong tir PdSe;
ban dau dugc thé hién trong Hinh 6, khi thuc hién
thay thé cac nguyén tir Ruthenium (Ru), Rhodium
(Rh), Silver (Ag) tai vi tri nguyén tir Pd (37) — c6 lai
hoa sp® va cac nguyén tr Oxygen (O), Sulphur (S)
tai vi tri nguyén tir Se (27) — ¢6 lai hoa sp2. Téi vu
sdu ciu triic PdSe; QDs pha tap d6i nguyén tir bao
gébm QD-RulO2, QD-RulS2, QD-Rh102, QD-
Rh1S2, QD-AglO2 va QD-AglS2. Sau khi t6i wu,
dic tinh dién tir va pho hép thu ctia cac cau triic khao

Cau tric sau toi wu

Tép 60, S6 24 (2024): 41-52

sat dugc xac dinh théong qua phin mém
QuantumATK véi phuong phap DFT-LCAO
(Linear Combination of Atomic Orbitals) trong diéu
kién k-point 1 : 1 : 1 theo ba phuong x : y : z véi
nang luong cut-off 1a 1500 eV. Vung chan khong 15
A 4p theo ba chiéu x, y, z dé tranh tuong tac anh
gitta nhitng cAu tric. TAt ca tinh toan duoc thuc hién
sau qua trinh t6i uu hinh hoc sao cho lyc tac dong
lén mdi nguyén tir khong vuot qua 0,03 eV/A va
1075 eV la tiéu chi hoi tu cho tong ning lwong.

Hé s6 hip thy cua vat lidu duoc xac dinh thong
qua phuong trinh (1) véi € 1a van toc anh sang trong
chéan khong va K 1a h¢ s6 tat dan duoc xac dinh qua
phuong trinh (2) tir phan thyc & (a)) va phan 4o

&, (@) cta ham dién méi (3) (Singh et al., 2016).

QD-RulS2

QD-Rh1S2

QD-AglS2

Hinh 6. Céc céu triic sau khi toi wu ciia chAm lwong tir PdSe: pha tap déi nguyén tir khac nhau

(Hinh cau mau xanh dwong, cam, xanh 14, tim, ndu, dé va hong lan luot twong iing véi cdc nguyén tir Pd, Se, Ru, Rh, Ag,

0vas)
3.2. Két qua va thao luin
Tuong tw v6i phan tap don, nang luong lién két

E p clia cidc mau nghién ctru dugc xac dinh theo

(Etatal - nPdEPd - nSeESe - ndapingEdoping )

E. =

B
nPd + nSe + ndoping

“4)

cong thirc (4) (Yuan et al., 2017) V6i Epprq 12 ning luong tong cho mdi PdSe,

QDs dang xét; Epg, Ese va Eqoping lan Iuot 14 ning
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lugng riéng cta cac nguyén tir Pd, Se va nguyén tu
pha tap; npg, Nge Va Ngoping lan luot la s6 nguyén
tr Pd, Se va cac nguyén tir pha tap.

Két qua tinh toan s cho thdy nang lwong lién két
cia QD-RulO2, QD-RulS2, QD-Rh102, QD-
Rh1S2, QD-Agl02 va QD-AglS2 1an luot 14 - 4,26
eV,-4,19¢eV,-4,18 eV, -4,16 eV, - 4,12 eV va -
4,09 eV, tat ca cac céu tric nghién ctru déu 6n dinh
vé mat nhiét dong hoc. Diéu nay cho théy su on dinh
clia cac cAu triic PdSe; khi pha tap véi cac nguyén
tir Ru, Rh, Ag, O va S. Trong do6, cu triic QD-
Rul02 c6 niang luong lién két thap nhat tir d6 1a ciu
trac ¢6 su 6n dinh nhat vé nhiét dong hoc.

Thong s6 vé& d6 dai lién két trude va sau tdi uu
clia cac lién két xung quanh vi tri pha tap dugc trinh
bay trong Bang 2. Cac d6 dai lién két xung quanh vi
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tri pha tap déu c6 su chénh léch giita trude va sau toi
uu khi so v&i PdSe; QD ban dau. Su chénh 1éch d6
dai lién két dbi voi timg c4u tric pha tap don nguyén
tr chiu sy anh huéng chu yéu cua duong kinh
nguyén tir pha tap so voi nguyén tir ban dau. C6 thé
thdy, sau khi toi uu do dai lién két xung quanh pha
tap cua cac cdu trac déu c6 xu hudng giam ngoai trir
céu triic QD-Agl.

Khao sat cac do dai lién két truée va sau tdi wu
ctia cc lién két xung quanh vi tri tap dugc trinh bay
trong Bang 2. Sy chénh 1¢ch d6 dai lién két nay chi
yéu xuit hién & cac lién két: Se (27)-Pd (37), Se
(27)-Pd (42) va Se (27)-Se (31) ctia ca sau cau trac
tap doi, tuy nhién & ca hai cau tric dwoc pha tap Ag
xuét hién thém su chénh léch 13 & cac canh quanh vi
tri pha tap: Pd (37)-Se (35), Pd (37)-Se (29), Pd
(37)-Se (23).

Biing 2. D) dai lién két quanh vj tri pha tap ciia ciu triic PdSe: QDs véi X 1a nguyén tir Pd (37), Ru, Rh,
Agvay laSe (27), O, S twong wrng vo6i tirng cau tric tap doi

M QD-RulO2 QD-RulS2 QD-Rh102 QD-Rh1S2 QD-AglO2 QD-AglS2
Truéc tdi wu

X-Y 2,449 2,449 2,449 2,449 2,449 2,449

X —Se (35) 2,452 2,452 2,452 2,452 2,452 2,452

X -Se (29) 2,447 2,447 2,447 2,447 2,447 2,447

X -Se (23) 2,453 2,453 2,453 2,453 2,453 2,453

Y - Pd (42) 2,360 2,360 2,360 2,360 2,360 2,360

Y - Se (31) 2,388 2,388 2,388 2,388 2,388 2,388
Sau toi wu

X-Y 2,257 2,295 2,187 2,381 2,287 2,461

X —Se (35) 2,493 2,437 2,420 2,442 2,508 2,536

X - Se (29) 2,400 2,448 2,404 2,451 2,619 2,585

X -Se (23) 2,501 2,438 2,448 2,457 2,531 2,551

Y - Pd (42) 2,170 2,273 2,129 2,259 2,139 2,247

Y - Se (31) 1,795 2,271 1,807 2,262 1,808 2,249

Ghi chit: Chiéu dai dwoc tinh bang don vi A

Hinh 7 cho thy d6 rong ving cAm thay doi phu
thudc chu yéu vao nguyén tir pha tap. Cu thé, xét d6i
véi bdn céu tric QD-RulO2, QD-RulS2, QD-
Agl02, QD-Agl1S2; d rong ving cim lan luot 1a
0,21 eV, 0,14 eV, 0,20 eV va 0,15 eV; cho thdy su
thu hep ctia do rong ving cim khi pha tap nguyén tir
S tai vi tri c6 lai hoa sp® Trong khi d6, céu tric QD-
Rh102 va QD-Rh1S2 d6 rong ving cdm khong
chénh I¢ch qud 16n. Chi céu triic QD-Rh1S2 cho két
qua do rong vung cdm dwoc mé rong sau khi pha
tap; cdc cau truc con lai déu c6 xu hudéng thu hep
vung cAm va 1a cac cdu tric voi dic tinh dién tir
chuyén dan vé kim loai.
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Két qua dugc 1am rd hon boi mat do trang thai
tong (DOS) va mat do trang thai riéng (PDOS) dugc
md ta trong Hinh 8. Biéu do cho thdy duoc rang su
dong gop cua nguyén tir pha tap tai vi tri c6 lai hoa
sp’ cua ca sdu cau truc déu twong dong véi mat do
trang thai tong. Ngoai ra, sy dong gop cla cac
nguyén tir pha tap tai vi tri ¢6 lai hoa sp? 1a yéu hon
$0 Vi cac nguyén tir con lai va so voi mat do tong
clia cAu trac. Su dong gdp clia nguyén tir Ru, Rh tai
vi tri ¢6 lai hoa sp? thé hién su vuot troi hon so voi
cac nguyén tir O, S pha tap tai vi tri ¢6 lai hoa sp?.
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Hinh 7. Cu tric ving ciia PdSe; QDs véi cac ciu triic pha tap ddi nguyén tir khac nhau

Ghi chii: a) OD-RulO2, b) OD-Rul1S2, ¢) OD-Rh102, d) OD-Rh1S2, e) QD-Agl02, f) OD-Ag1S2

bPéi véi pha tap doi, so véi QD-non, cudng do
mat d¢ trang thai cua nguyén tir Se giam ngoai trur
chu trac QD-Ag1S2. PDOS ciia Pd va Se & vung hod
tri dong thoi dich chuyén ra xa mirc Fermi ¢ cu tric
c6 pha tap Rh 1a QD-Rh102 va QD-Rh1S2, tuy
nhién PDOS caa Rh va O (S) phan bd gin mirc
Fermi tuong ung vo6i vi tri PDOS cua Pd va Se cua
QD-non. Piéu nay 1am cho do rong ving cdm cia
QD-Rh102 va QD-Rh1S2 gin nhu tuong dong voi
QD-non. Nguoc lai, so voi QD-non, tuong tac cla
c4c nguyén tir pha tap doi 1am cho sy phan b trang
thai cuia nguyén tir Pd ¢ vung hoa tri dich chuyen
gan mirc Fermi hon, tir d6 thu hep d6 rong ving cAm
cia QD-Rul02, QD-Agl02, QD-RulS2 va QD-
AglS2.

Phé hap thu cua cac PdSe; QDs pha tap doi véi
hai loai nguyén tir duoc mé ta trong Hinh 9. Tuong
ty nhu cac cau trac PdSe; QDs pha tap don vai cac
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nguyén t khac nhau, dac tinh di huéng cia pho hap
thy ciing duoc thu nhén trong tit ca cic cau tric
PdSe; QDs pha tap doi v6i hai loai nguyén tir khac
nhau. Ket qué tinh toan cho thiy dinh hip thy cua
céc cAu trac tap doi déu thudc ving hong ngoai xa
dao dong tir 2.000 nm dén 3.000 nm va cuong do
dinh hép thy & phwong Oy manh hon so véi phuong
Ox va Oz. Khi quan sat trén dd thi, ta co thé thdy
QD-Rh1S2 va QD-AglS2 14 hai cau tric ¢ cuong
do hép thu manh nhat va c6 dinh hép thu & vi tri
budc song 3.000 nm, nhung & cdu traic QD-Rh1S2
¢6 su vuot troi hon vé cuong do hép thu so v&i chu
trac QD-AglS2 theo phuong Oy, dong thdi néu
quan sat theo phuong Oz thi cuong d6 hap thu cua
ciu traic QD-AglS2 lai manh hon ciu triac QD-
Rh1S2. Trong khi d6, ddi véi cdu trac QD-RulO2
cuong do hap thy thap nhét theo phuong Oy véi
budc song trong khoang 3.000 nm, nhung xét theo
phuong Ox, Oz thi cuong d6 hip thu cua cu trac
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nay lan luot nim trong khoang budc séng 2.200 nm
va 2.000 nm, c6 thé noi 1a manh nhét so véi cac cau
tric con lai. Mat khac, cuong d6 dinh hap thu theo
phuong Oy cia cdu trac QD-AglO2 tng véi vi tri
bude song khoang 3.000 nm cao gip 2 1an cudng do
dinh hép thy xét theo phuong Oz nim trong budc
song 3.000 nm va cao gép 3 14n so v6i cuong d6 dinh
hép thu quan sat theo phuong Ox & budc song
khoang 3.000 nm. Riéng ddi véi hai cu truc con lai
1a QD-RulS2 va QD-Rh102, cuong d6 dinh hip thu
khong c6 sy khac biét qua 1on déu nam trong ving
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h6ng ngoai theo phuong Oy va Oz, cuong d dinh
hap thu quan sat trén phuong Oy cua hai chu triic
nay cao gip 3 lan cuong do dinh hip thu theo
phuong Oz ung véi bude song khoang 3.000 nm.
Mic du tit ca cac cdu tric nay c6 sy khac nhau vé
cuong do hip thy theo phuong Oy va Oz, nhung
nhin mot cach téng thé thi da phan cic cau triic nay
déu nam trong pham vi ving hong ngoai tng véi
budc séng tir 2.000 nm dén 3.000 nm va chi riéng
céu tric QD-RulO2 cho cudng do hép thu theo ba
phuong.
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Hinh 8. Mat d¢ trang thai tong (DOS) va mit dd trang thai riéng (PDOS) ciia PdSe: QDs pha tap déi
khac nhau

Két qua trén cho th?iy su lién hé mat thiét gilia
tinh chét dién tir va pho hép thy clia céc cu tric. RS
rang, su thay d6i gian dd ving va do rong vung cAm
cua sdu cau tric tap doi la khong nhiéu. Tuy nhién
do rong vung cam cua cac cau tric c6 xu hudng
giam khi pha tap ngoai trir cdu trac QD-Rh1S2 Ia
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tang so v6i trude khi tap, dan dén cac cdu triic ¢6 su
turong dong vé& phd hip thy thu nhan dwoc. Co thé
nhan thay rd khi pha tap d6i nguyén tir cac ciu tric
déu co cuong do hép thu giam so vdi ban dau, dac
biét & cdu trac QD-RulO2 1a giam manh theo hai
phuong Oy, Oz va xuét hién cuong do theo phuong
Ox 10.
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Hinh 9. Phé hép thu quang ciia cic chim lwgng tir PdSe: v6i cic nguyén tir tap déi khac nhau

4. KET LUAN

Tom lai, trong nghién ctru nay, dac tinh dién tir
va phd hap thu quang ctia chim luong tir PdSe; pha
tap cac nguyén tir Ru, Rh, Ag, O va S da dugc khao
sat chi tiét. Ket qua cho thay, QD-Rul va QD-
RulO2 1a hai cdu tric c¢6 sy 6n dinh nhat v6i dinh
phd hap thy khoang 3.000 nm ¢ ving hong ngoai.
Do rong viing cim clia cac cau tric khi pha tap déu
¢ xu huéng thu hep lai ngoai trir hai cau trac cho
d6 rong ving cdm duge mé rong 1a QD-Rh1 va QD-
Rh102. Céc dinh pho hap thu thu duge cia cac cau
trac pha tap v6i timg nguyén tir khac nhau déu nam
trong vung anh sang héng ngoai. Dong thoi, phd hap
thu ctia cac cdu triic pha tap déu thé hién sy khac
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