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ABSTRACT

In this study, electronic and optical properties of the penta-graphene
quantum dots (PGQD) with different morphology are investigated by
using the density functional theory. The result shows that H-ZZ-36 is the
best stable structure with optical absorption peaks in the ultraviolet
region of 320 nm. This structure with various edge-functionalized groups
including Silicon (Si), Phosphorus (P), Oxygen (O) and Fluorine (F), the
band gap is narrowed than that of edge functionalized PGQD
with Hydrogen (H). Furthermore, optical absorption peaks of Si-ZZ-36,
P-2Z-36, O-ZZ-36 and F-ZZ-36 shift to the visible light range of 350 nm
and 760 nm or those belong to the near-infrared region. In results,
changing the passivation factor is one of the useful methods to develop
applications of penta-graphene quantum dots in optoelectronic devices.

TOM TAT

Trong nghién ciru ndy, tinh chat dién tir va tinh chdt quang cua cham
luong tir penta-graphene vai hinh thdi khac nhau dwoc Khao sat bai viée
st dung 1y thuyét phiém ham mdt d@é. Két qua nghién ciru cho thdy, H-ZZ-
36 la cau triic on dinh nhdt véi dinh phé hdp thu khodng 320 nm ¢ viing
tir ngogi. Khi cdu triic nay dirge 16i héa bién lan lwot bang cdc nguyén tir
Silicon (Si), Phosphorus (P), Oxygen (O) va Fluorine (F), do rong ving
cam dwoc thu hep so Véi viée téi héa bién boi nguyén tr Hydrogen (H).

Thém vdo dé, dinh phé hdp thu ciia cdc cdu triic trén dich chuyén vé ving
kha kién véi buGe séng twong vmg tir 350 nM dén 760 nM hode dinh hdp
thu nam trong viing hong ngoai gan. Piéu nay cho thdy, thay doi yéu té
16i héa la mét trong nhitng phwong phdp hitu ich d@é phat trién nhiing #ng
dung ciia cham lwong tir penta-graphene trong cdc thiét bi quang dién tit.

1. PAT VAN BPE

Khi nghién ctru vé vt liéu nano, Ekimov et al.
(1985) da phat hién mot s6 tinh thé nano tao thanh
tur vat liéu ban dan c6 kha nang thay d6i budc song

ctia anh sang do chung hép thu hoic phat xa khi thay
ddi kich thuéc tinh thé. Nam 1988, nhirng tinh thé
bé xiu ndy dugc dat tén la chidm luong tu (Quantum
Dot) (Reed et al., 1988). Céc chédm luong tir (QDs)
1a cac cAu triic nano giam cam tat ca ba chiéu khong
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gian cia cac hat tai (cac dién tu, 15 trong hay exiton)
lam cho ham séng ctia chiing bi ¢6 1ap manh, cac tri
riéng nang luong bi gian doan (Petroff, 2003) dan
dén nhiéu dac tinh vat Iy hap dan méi la va céc linh
kién dya trén cac hé nay co nhiéu hiéu ng mai
(Moreau et al., 2001). Vé mit thuc nghiém, ngudi ta
¢6 thé tao ra nhiéu dang QDs véi hinh dang va kich
thudc khac nhau (Maxwell et al., 2020). QDs
thuong co kich thudc khoang 2-8 nM, tuong g voi
¢& 100-10.000 nguyén tir nén d6i lic nguoi ta goi
chung 14 cac phan tur nhan tao.

Hién nay, cac nha nghién ciru dang ¢b gang khai
thac ddy du tiém nang ciia QDs dé mé rong nhiéu
ing dung thyc tién hon nira (Maxwell et al., 2020).
Mot trong nhitng dang QDs dugc quan tim nhiéu
nhét 1a chim luong tir graphene (GQD). So véi cau
triic mot chiéu va hai chiéu thi GQD la vat liéu nano
khong chiéu c6 nhiéu wu thé hon trong chuyén doi
va luu trlr ndng lugng (Liu et al., 2020); cac thiét bi
cam bién, hién thi va quang hoc (Sohal et al., 2021).
Ngoai viéc thira huong cac dic tinh uvu viét, GQD
con khéc phuc duoc han ché caa graphene chinh 1a
d6 rong ving cAm cua chiing c¢6 thé diéu khién duoc
thong qua diéu khién kich thuéc QDs (Yan et al.,
2019). Khi thay di kich thuéc cua GQD s& dan theo
su thay dbi dic tinh dién tir va tinh chat quang hoc
(Yan et al., 2019). Thém vao d9, khi pha tap nguoi
ta c6 thé diéu chinh céu triic dién tir cia GQD dé ¢6
cac dic tinh mong mudn. Vi du nhu khi dong pha
tap N, B dinh hap thu chinh cia GQD chuyén vé
viing xanh lam, trong khi dong pha tap N, P hoac N,
S thi dinh hip thu cia GQD chuyén vé ving anh
sang d6 (Feng et al., 2021). Ngoai ra, viéc t6i hoa
cac bién GQD cﬁng 1a mot phuong phap thay dbi
cac dac tinh quang hoc cua ching. Cu thé nhu t6i
hoa bang cic nhom chuc chira oxygen trén GQD
lam dich chuyén su phét quang vé ving anh sang do
(Yoon et al., 2016).

Nam 2015, mét dang thu hinh méi ctaa carbon
dugc du doan boi Shunhong va céng su, goi la
penta-graphene (PG). PG thé hién su 6n dinh co hoc
va dong hoc ngay ca khi nhiét d6 dat 1000 K
(Shunhong et al., 2015). Thém véo d6, PG hai chiéu
c6 d6 rong vung cAm khoang 3,25 eV, cao hon so
Vi cac dang thu hinh khéac ctaa carbon (Shunhong et
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al., 2015). Vi cac tinh chét vat ly doc dao, PG dugc
du doan sé& 1a Gmg vién tiém ning trong viéc ng
dung cho céc thiét bi dién tir nano va dién tir quang
hoc (Berdiyorov et al., 2016). Ngoai nudc, da co
cong trinh nghién ctu tinh chat co, nhiét, dién,
quang, tir, va kha nang hap phu khi cta cac ciu tric
PG nhung chu yéu tap trung vao cau triic mot chiéu
va hai chiéu (Cheng et al., 2019; Santos et al., 2020;
De Sousa et al., 2021). Trong nudc, cac nghién ciru
vé tinh chét dién tir va tinh chat van chuyén dién tu
ctia Cau trac penta-graphene nanoribbon dang bién
rang cua dugc pha tap thay thé (Tien et al., 2019)
hoidc t6i hoa bién bang cac nguyén tir khac nhau
(Tien et al., 2020), ciing nhu khao sat kha nang hip
thu cac phan tir khi cho cu triic ndy da dwoc thuc
hién (Tien et al., 2021). Ngoai ra, con ¢6 cac khao
sat ly thuyet cau tric ving ning luong va céc tinh
chat truyén dan caa dién tir & cac cdu triic nano dua
trén graphene, cac vat li¢u tua graphene va PG (Vu
et al., 2020). Mot hé vat liéu khi t6i hoa bién co
nhiing yéu t6 hoa hoc mai, s& lam thay ddi cau triic
dién tir va dan dén thay ddi tinh chét quang cua hé.
Trong nghién ctU nay, anh hudéng caa hinh thai va
yéu td t6i hoa 1én dic tinh dién tir va tinh chat quang
cua PGQDs s duoc khao st vi khi toi hoa bién. Két
qua thu duoc cho thdy, sy thay ddi dac tinh dién tir
va tinh chat quang caa PGQDs phu thugc manh mé
vao hinh dang c4u trac va yéu to t6i hoa bién.

2. ANH HUONG CUA HINH THAI LEN
PAC TINH PIEN TU VA PHO HAP
THU CUA PGQDS

2.1. Thiét Iap mé hinh va tinh toan

B6n dang hinh thai khac nhau ctia cham lugng
tr penta-graphene (PGQDs) bao géom H-AA-31, H-
SS-35, H-ZA-37 va H-ZZ-36 duoc tao thanh tir ciu
tric penta-graphene 2D. Sau khi tdi uu, dic tinh dién
tr va phd hép thu cua céc tric trén duge xac dinh
thong qua phan mém ATK v6i phuong phap DFT 72
sir dung gan dung gradient tong quat cua Perdew
Burker Ernzerhof (PBE) trong diéu kién: k-point
1x1x1 va cutoff energy 680 eV. Dé tranh tuong tic
giita cac “anh” cua cau trac, ving chan khong 15 A
duogc ap vao theo ba phuong x, y, z cua cic mau
nghién ctu.
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” Ao
Trudc toi uu

H-AA-31 H-SS-35
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H-ZA-37

Hinh 1. CAu tric tinh thé cia PGQDs véi kich thuée thay ddi

(Hinh cau mau xém va mau xanh ld lan lwot twong ¥ng Vi cde nguyén tir carbon lai héa sp3 va sp®. Hinh cau mau trdng

firong ¥Mg Voi nguyén t6 hydro.)
Hé s6 hap thu cua vt liéu duoc xéac dinh thong
qua phuong trinh:

_ 2wk

¢ 1)
v6i ¢ 1a van toc anh sang trong chan khong va
Jei+& g

K=4/— ,

5 ) @

& 1a hé sé tit dan duoc xac dinh tir phan thyuc
& (w) va phan 4o &,(w) cia ham dién méi
(Singh et al., 2016):

e(w)=¢g(0)+ie, (o).

2.2. Két qua va thao luan

3)

Dé khao sat sy bén viing cua cac ciu tric,
nang luong lién két Eg cta cic miu nghién ctu
dugc xac dinh theo cong thuc sau (Yuan et al.,
2017):

Etotal —Ne Ec — Ny EH )
n. +ny

EB = ( (4)

v6i Eqy 12 nang luong tong cho mdi QDs dang

xét; Ecva Ey lan luot 13 ning lugng cia cac
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nguyén tir C va H;Ng va Ny lan luot 1a s6 nguyén
tr C va H.

Két qua tinh s cho thay, ning lugng lién két cua
H-AA-31, H-SS-35, H-ZA-37 va H-ZZ-36 lan luot
la-5,31eV, -5.37eV, -532 eV va-5.40eV. Tu cac
gia tri trén, sy chénh léch ning luong lién két giira
cac mau 1a khong nhiéu do s nguyén tir gan tuong
ddng dan dén kich thudc cac QDs khong co sy khac
biét I6n. Tuy nhién, ciu tric H-ZZ-36 thé hién ning
lwong lién két thip nhét. Vi vy, H-ZZ-36 1a ciu triic
on dinh nhat vé& mat nhiét dong hoc.

Théng sb vé do dai lién két trung binh cua
ting loai lién két trong cac mau khao sat dugc trinh
bay trong Bang 1. Cu thé, do dai lién két trung binh
trude va sau t6i vu (duge xac dinh bang trung binh
cong cua tat ca cac lién két do trong mau) giira hai
carbon ¢ lai hoa sp? dugc ky hiéu twong tng 1a sp?-
sp?, gitta hai carbon c6 lai hoa sp*: sp3-sp?, giita
carbon co lai hoa sp? va sp*: sp2-sp?, gitra carbon c6
lai héa sp? va hydro & bién: sp?-bién, gifta carbon c6
lai hoa sp® va hydro: sp®-bién. Cé thé nhan thay, sau
t6i wu, d6 dai lién két trung binh cua sp? sp? co su
thay di dang ké trong khi cac do dai lién két trung
binh con lai gan nhu khong c6 su khac biét so Vi
truc toi uu trong ca bbn dang hinh thai dwoc khao
sat.
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Bang 1. P dai lién két trung binh ciia PGQDs véi hinh thai khac nhau (tinh bing don vi A)
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A 1A Mau H-AA-31 H-SS-35 H-ZA-37 H-ZZ-36

Lién ket

Trude ti vu
sp2-sp? 1.631 1.631 1.631 1.631
sp?-sp® 1.536 1.536 1.536 1.536
sp3-sp® 1.536 1.564 1.536 1.536
sp?-bién 1.140 1.140 1.140 1.140
sp®-bién 1.140 1.140 1.140 1.140

Sau t6i uu
sp2-sp? 1.344 1.348 1.343 1.346
sp2-sp? 1.526 1.529 1.526 1.528
sp3-sp? 1.584 1.556 1.589 1.583
sp?-bién 1.092 1.092 1.092 1.092
sp3-bién 1.102 1.102 1.101 1.103

Céu tric vung va mat d trang thai cta cac cau
trac H-AA-31, H-SS-35, H-ZA-37 va H-ZZ-36
dugc trinh bay trong Hinh 2 va 3. Tir gian d6 ving
Hinh 2 cho théy, cac cau trac PGQD v6i hinh thai
khéc nhau c6 @6 rong vung cAm dao dong trong
khoang tir 3.79 dén 3.96 eV. Su khac biét khong

Energy (eV)

o

1
-

dang ké nay 1a do kich thudc cua cac cdu trac gan
nhu tuong dong. O tat ca cac cau tric duoc khao sat
sy dong gbp cuia nguyén tir carbon ludn vuot troi
hon so v&i nguyén tir hydrogen dwoc thé hién trong

dd thi mat do trang thai riéng ¢ Hinh 3.

H-AA-31 H-SS-35 H-ZA-37 H-ZZ-36
1 1 I
1
. E .
E‘q =3.933 eV Eg = 3.786 eV E!._l =3.955 eV Eg =3.824 eV
| . e——
1

Hinh 2. CAu tric viung dién tir cia PGQDS véi kich thwée thay ddi
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b) H-88-35
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Hinh 3. Mt d trang thai tong (DOS) va mit d trang thai riéng (PDOS) ciia PGQDs Véi hinh thai

khac nhau
a) H-AA-31 b) H-SS-35
Energy (eV) Energy (eV)
477 443 4.13 3.87 3.65 3.44 477 4.43 413 3.87 3.65 3.44
4 T T T T T T 4 T T T T T T
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Y Y
z z
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¢) H-ZA-37 d) H-ZZ-36
Energy (eV) Energy (eV)
477 4.43 413 3.87 3.65 3.44 477 443 413 387 3.65 3.44
T T T T T T T T T T T T
X
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e e
Q Q
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360

L
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Hinh 4. Phé hip thu ciia PGQDS véi cac hinh thai khic nhau

Pho hap thu cua cic PGQDSs Vi cac hinh théi
khéc nhau dugc mo ta trong Hinh 4. Két qua tinh so

cho thiy dinh hip thu caa cac cdu trac H-AA-31, H-
§S-35, H-ZA-37 va H-ZZ-36 thudc ving tir ngoai
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twong tng vai budce song trong khoang tir 280 nm
dén 320 nm vi dac tinh di hudng khac nhau. Cu thé,
dbi voi cau tric H-AA-31, cuong d6 dinh hap thy
manh nhat quan sat dugc trén phuong Oy trong khi
cac cau trac con lai dinh phd hip thu manh nhat
thugc phuong Oz. Hai cu trac H-AA-31 va H-ZA-
37 thé hién su khac biét vé cuong do va vi tri dinh
phé theo ca ba phwong. Trong khi d6, déi véi hai
céu triic con lai cudng do dinh phd ting dan trén
phuong Ox, Oy, Oz va vi tri budc séng xuat hién
dinh phd theo ca ba phuong 1a gan nhu tuong dong
cho mdi cau triic.

3. ANH HUONG CUA YEU TO TOI HOA
LEN PAC TiNH DIEN TU' VA PHO
HAP THY CUA PGQDS

Tir két qua khao sat vé nang luong lién két va
dic tinh cAu trac sau t6i wu, cdu trac H-ZZ-36 cho
thdy su 6n dinh nhat va c¢6 sy ddi xing cao hon so
Vi cic cdu triic con lai. Vi vay, & phan nay anh
huéng cia cc yéu té t6i hoa bién 1én dic tinh dién
tir va phd hip thu cia PGQDs sé& dugc khao sat trén
chu trac nay.

” Ao
Trwdce toi wru

P-Z7-36
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Céu trac ZZ-36 lan lugt duoc thay ddi toi hoa
bién bdi cac nguyén tir Silicon (Si), Phosphorus (P),
Oxygen (O) va Fluorine (F). Bieu kién t6i wu va
khao sat cac dac tinh dién tir hay dac tinh quang
duoc thyc hién twong ung nhu & muc 2. Tuy nhién,
gi4 tri cutoff energy nam trong khoang 750 eV dén
1000 eV tuy thudc vao nguyén tir St dung t6i hoa.

Hinh 5 trinh bay céc ciu tric Si-ZZ-36, P-ZZ-
36, O-Z2Z-36 va F-ZZ-36 trude va sau toi wu. Sy 6n
dinh cta cac cau tric dugc xac dinh thong qua nang

luong lién két Eg (Yuan et al., 2017) gan gidng
cong thirc (4)
E. — (Etotal _ncEc _anx)

B

N + Ny 5)
v6i Eyy 12 ning luong tong cho méi QDs dang
xét; Ec va E, lan luot 13 ning lugng cia cac

nguyén tir C va X (Si, P, O va F); N va N, lan lugt
1a s6 nguyén tr C va X (Si, P, O va F).

0-ZZ-36

Hinh 5. Céu tric tinh thé cia PGQDs ZZ-36 dugrc tdi héa bién béi Si, P, O va F

(Hinh cdu mau xdm va mau xanh ld lan lugt trong 4ng Voi cde nguyén tir carbon lai héa sp® va sp?. Hinh cau mau dong,
mau tim, mau do va mau xanh ngoc tuwong ung voi nguyén to Si, P, O va F.)

Céc gia tri nang lugng lién‘két cua Si-ZZ-36, P-
Z7-36, O-ZZ-36 va F-ZZ-36 lan lugt 14 -5,34 eV, -
5,17 eV, -5,96 eV va -5,24 eV. Theo thi ty trén thi

Cu tric dugce tdi hoa boi nguyén tir O ¢6 nang luong
lién ket thap nhat va cau trac dugc t0i héa boi
nguyén tir P c6 nang lugng lién ket cao nhat. Tuong
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tw nhu céc céu triic QDs véi hinh thdi khac nhau, do
dai lién két trung binh cua bdn céu trac Si-ZZ-36, P-
Z7-36, 0-ZZ-36 va F-ZZ-36 trudc va sau tdi uu
dugc trinh bay trong Bang 2. Sau tdi wu, sy thay doi
d6 dai lién két trung binh giita cdc nguyén tir carbon
c6 lai hoa sp® véi cac nguyén tir t6i hoa Si, P va F
(sp®-bién) 1a dang ké, dic biét khi cham luwong tir
duogc toi hoa boi nguyén tir Si va P. Nguoc lai, do
dai lién két trung binh gitra cdc nguyén tir carbon ¢

Tap 58, S6 chuyén d@é: Khoa hoc ty nhién (2022)(1): 79-89

lai hoa sp? véi nguyén tir O c6 sy khac biét rét it.
Diéu nay 1a do ban kinh nguyén tir cia Si va P 16n
hon ban kinh nguyén tir O va F. Ngoai ra, o dai lién
két con bi anh huong boi dang lai hoa nén dan dén
su khac biét d6i véi d6 dai lién két trung binh giira
céac nguyén tir carbon c6 lai hoa sp? véi nguyén tixr P
S0 Vai cac truong hop khac. Bac biét, tac dong cua
nguyén tir O 1én cac d¢ dai lién két trung binh sp?
sp?, sp?-sp® va sp3-sp® 1a rét lon.

Béng 2. P9 dai lién két trung binh ciia cac chim lugng tir penta-graphene dwoc tdi héa bién béi Si, P,

O va F (tinh bang don vi A)

Truwdéc t6i wu

Lién két Si-ZZ-36 P-ZZ7-36 0-Z2Z-36 F-ZZ-36
sp2-sp? 1.631 1.631 1.631 1.631
sp2-sp? 1.536 1.536 1.536 1.536
sp3-sp? 1.536 1.536 1.536 1.536
sp?-bién 1.140 1.140 1.140 1.140
sp®-bién 1.140 1.140 1.140 1.140
Sau t6i uu

Lién két Si-ZZ-36 P-Z7-36 0-ZZ-36 F-ZZ-36
sp?-sp? 1.391 1.426 1.914 1.346
sp2-sp® 1.511 1.533 2.072 1.525
spi-sp? 1.526 1.568 7.176 1.594
sp>-bién 1.098 1.828 1.141 1.331
sp3-bién 2.095 1.947 1.181 1.383

_ Tu Hinh 6 cho th;”iy, Su thay d6i do rong ving
cam phu thuge vao yeu to toi hoa bién. Pang chu y,
O cau trac P-ZZ-36 c6 hai muc nang luong rat gan

v6i mic Fermi 1am cho d6 rong ving cam bang
0,075 eV, nén c6 thé xem cau truc nay c6 dic tinh
kim loai.

Si-Z.7-36 P-Z7Z-36 0-27-36 F-7Z.7-36
2 -
1 =
S ! I
2L
a O - === - =t - - - - - k- - - - -
E EFI =0.696 eV Eg =0.075eV Eg =1.428 eV Eg =3.279 eV
S C L L L
1= - -
2k E
==I
-3

Hinh 6. Ciu tric ving dién tir cia Si-ZZ-36, O-ZZ-36, P-ZZ-36 va F-ZZ-36
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Diéu nay co thé do nguyén tir P thuc nhém VA
v6i nam electron & 16p ngoai cing, sau khi lién két
véi cac nguyén tir 1an can (nguyén tir C), van con
mot electron tu do. Vi vay, viéc t6i hoa bién PGQD
bang nguyén tir P twong (g véi viéc tao thanh ban
dan loai n tir ban dan thuan. Tuy nhién, do ti I8
nguyén tir P trong ciu trac P-ZZ-36 1a rit 16n nén
cau tric chim luong tir khi duge t6i hoa P thé hién
dic tinh kim loai. Piéu nay, twong dong véi két qua
thu dugc khi pha tap P hoic toi héa P trong céc cau
tric penta-graphene va penta-graphene nanoribbon
(Dai et al., 2019; Tien et al., 2019). Cac cAu triic con
lai (Si-ZZ-36, O-ZZ-36, F-ZZ-36) c6 dac tinh cua
ban dan véi do rong ving cim tir 0,7 eV dén 3,3 eV.
Sy khac biét cua viéc dich chuyén cic muc ning

a) Si-ZZ-36
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lwong & cac mau c6 thé duge 1am sang to boi sy lai
hoa quy dao bién va su truyén dién tich gitta PGQDs
va c4c nguyén tir bién gidng nhu & GQDs (Li et al.,
2015). Két qua nay duoc lam rd hon tir d6 thi mat
do trang thai tong (DOS) va mat do trang thai riéng
(PDOS) dugc md ta trong Hinh 7. Tir d6 thi PDOS
cho thay sur dong gop cua C va cac nguyén tir & bién.
Cu thé, ddi voi ciu tric Si-ZZ-36, P-ZZ-36 va O-
ZZ-36 c6 su dong gop dang ké cua cac nguyén tir Si,
P, O quanh mic Fermi dan dén viéc do rong ving
cdm giam manh so véi ciu trac H-ZZ-36. DBdi véi
ciu trac F-ZZ-36, sy dong gop cua nguyén tir F
quanh mic Fermi so véi cau tric H-ZZ-36 ¢6 su
thay d6i khong dang ké nén do rong ving cam giita
hai céu triic nay c6 su khac biét khong nhiéu.

b) P-ZZ-36
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Hinh 7. Mat dd trang thai tdng (DOS) va mat dj trang thai rieng (PDOS) ciia cac cAu tric Si-ZZ-36,
0-ZZ-36, P-ZZ-36 va F-ZZ-36

Phé hép thu cua céc cdu truc Si-ZZ-36, O-ZZ-
36, P-ZZ-36 va F-ZZ-36 duoc thé hién trong Hinh
8. Mot cach tong quat, sy di huéng cia phd hap thu
dugc thu nhan trong tit ca cac cdu trac trén. Thém
vao d6, dinh phd hap thu ciia cac ciu tric twong Ging
V6i budce song chi yéu & ving anh sang nhin thay
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hozc ving hong ngoai gan. Ngoai trir cau truc F-ZZ-
36, cuong do dinh phd hap thy theo phuong Oy 1a
vuot troi hon so véi cudng do dinh phd hap thy theo
phuong Ox va Oz trong céc cau tric con lai. Cu thé,
dbi véi chu tric Si-ZZ-36, cudong do dinh hap thy
trén phuong Oy 6 Vi tri budc song 1500 nm co
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cuong d6 cao hon khoang 8 13n so véi cuong do dinh
phd quan sat duoc trén phuong Ox va Oz trong
khoang budc song tir 800 nM dén 900 nM. Trong
khi d6, cau trac P-ZZ-36, dinh phd véi cuong d6 cao
nhét twong tng Vvéi bude song 1000 nM quan sat
dugc trén Oy. Trén phuong nay, ciing xuat hign mot
s6 dinh phd phu ¢ budc song twong ¥ng Véi ving
kha kién hogc ving hong ngoai gan. Dic biét, véi
PGQD duogc t6i hoa bién boi nguyén tr O, cac dinh
phd co cuong do 16n nhit theo ca ba phuong nim
trong ving anh sang nhin thiy véi budc séng 1an
luot 1a 700 nM, 450 nM va 435 nM theo phuong Ox,
Oy va Oz twong tng. So véi ciu trac H-ZZ-36, khi
thay d6i nguyén tir H béi F & bién cho thdy su dich
chuyén dinh phé it nhét. Cac dinh pho thu duoc su
dich chuyén vé viing ning lugng cao hon tuy nhién
céc dinh phé thu duogc twong tng voi bude song van
thudc vung tir ngoai.

a) Si-ZZ-36
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Két qua trén cho thdy su lién hé mat thiét gitra
tinh chit dién tir va tinh chat quang cia céc ciu truc.
R& rang, su thay doi gian do ving va do rong ving
cdm cua cau trac H-ZZ-36 va F-ZZ-36 1a khong
nhiéu. Dan dén sy tuong dong vé phd hap thy thu
nhan dugc. Mac du vay, su thu hep do rong ving
cidm cua F-ZZ-36 so voi H-ZZ-36 da dua dén su
dich chuyén dinh phé hap thu vé ving niang luong
thap hon. O cau tric xuét hién nguyén tir bién P, do
rong vang cim duoc thu hep rat 1on va xuét hién mot
s6 dinh phé & viing 4nh sang d6 hoic l4n can. Diéu
nay twong dong véi mot sb nghién ctru da thuce hién
(Feng et al., 2019). Bdi véi cdu trac O-ZZ-36 dic
tinh ban dan dwoc thé hién rd nét nhat voi do rong
ving cam 1.428 eV. Tiur gian dd ving, ¢6 thé quan
sat dugc, trong vung hoa tri, mirc nang luong thi
nhét khoang 0.7 eV dén 0.8 eV va mic ning lugng
tiép theo la khoang 2 eV. Hai dinh phd quan sat dugc
trén Oy va Oz twong (ng Véi su chuyén doi tir hai
mirc nang luong nay lén ving dan.

b) P-ZZ-36
Energy (eV)

248 1.24 0.83 0.62 0.50 0.41

—

3k —
—_—1

0 e i
500 1000 1500 2000 2500 3000
Wavelength (nm)

d) F-ZZ-36
Energy (eV)
4.96 413 3.54 3.10 2.76
T T T T T T T M T
X
20F —
—z
| 1 il
250 300 350 400 450

Wavelength (nm)

Hinh 8. Phé hip thu ciia cac cdu tric Si-ZZ-36, 0-ZZ-36, P-ZZ-36 va F-ZZ-36
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4. KET LUAN

Tém lai, trong nghién ctu nay, dic tinh dién to
va phd hép thy cia PGQD véi hinh thai khac nhau,
hoic duoc toi hoa bién 1an luot Vi cac nguyén tir
Si, P, O va F da duoc khéo sat chi tiét. Két qua cho
thiy d6 rong ving cdm d6i véi bdn hinh thai duoc
khao st c6 su sai khac khong nhiéu do kich thuéc
gitra PGQDs dugc khao sat 1a twong ddng. Cac dinh
phd hap thy thu dugc cho PGQDs véi hinh thai khac
nhau déu ndm trong vung tur ngoai. Khi thuc hién
thay ddi t6i hoa bién véi cau tric H-ZZ-36 lan luot
boi Si-ZZ2-36, P-Z2Z-36, O-ZZ-36 va F-ZZ-36, do
rong ving cam duogc thu hep dang ké. Trong khi Si-
ZZ-36, 0-ZZ-36 va F-ZZ-36 thé hién dic tinh ban
dan, P-ZZ-36 véi d6 rong ving cam dan vé 0, cho
thdy ciu triic nay s& ¢ cac dic tinh cua kim loai.
Pho hép thu cuia cac cdu triic dugc thay ddi t6i hoa
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