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PEROVSKITE VO CO' CsPbX3 (X=Cl, Br, I) VA CsPbBr; PHA TAP
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Tom tat: Trong nghién cteu nay, hat nano tinh thé CsPbBr; va CsPbBr3 pha tap Co** bang phwong
phap hoéa mdt bwéc. Cac hat nano tinh thé CsPbX; (X= ClI, 1) cling dwoc ché tao bang
phwong phap trao ddi ion tlr CsPbBr; va CsX. Cac mau CsPbBr; va CsPbCl; thu dwoc co
dang hinh vuéng véi kich thwéc hat trong khodng 7-14 nm, va dwéi 7 nm déi véi mau
CsPbl;. Ching phat quang vé&i cac budc song 450, 516 va 660 nm khi dugc kich thich béng
ngudn sang cé budc séng dwdi 400 nm twong tng véi mire ndng lwong ving cAm lan lwot
la 1,81, 2,4 va 2,71 eV. Bwédc dau khi tién hanh pha tap ion Co2+ vao mang nén CsPbBr;
cho thay sw cai thién vé cAu truc tinh thé va tinh chat quang clia mau CsPbg ¢sC00 05Br; dbi
v&i méau khéng pha tap CsPbBrs.

Tir khéa: Cham luwong tir ban dan, kich thwéc hat, tinh chat quang.

Abstract: In this study, CsPbBr; and Cco” doped CsPbBr; nanocrystals were prepared by one-step
chemical method. Then, CsPbX; (X= CI, 1) nanocrystals were also prepared by ion
exchange from CsPbBr; and CsX. The obtained CsPbBr; and CsPbCl; nanocrystal samples
are cubic shape with a grain size in the range of 7-14 nm, and less than 7 nm for the CsPbl;
sample. They fluoresce with wavelengths 450, 516 and 660 nm when excited with a light
source with wavelength below 400 nm corresponding to the bandgap energies of 1.81, 2.4
and 2.71 eV, respectively. When doping Co®* ions into the CsPbBr3 matrix, the results
showed an improvement in the crystal structure and optical properties of the
CsPbg ¢5C0q.05Brs sample compared to the undoped CsPbBrs.

Keywords: Semiconductor Quantum dots, particle size, optical properties.

1. GI®I THIEU mot phén anh sang phat ra tor LED chuyén

' thanh anh sang & viing phd mong muén, gop
Bot huynh quang cham luwong tir 1a mot trong  phan 1am cho &nh séng phét ra tir t6 hop LED
nhiing vat liéu quan trong trong linh vuc chiéu  + bot huynh quang c6 mau sic mong mudn.
séng ran - mot cu tric gdm ¢6 LED va vat  Thuat ngit chim luong tir c6 § nghia cu thé vé
licu huynh quang hiéu suat cao c6 thé hap thu  cau tric trong d6 xay ra hiéu Gng giam gii
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luong tir cac hat tai dién. Trong thyc té, vi
hiéu tng giam gitr lugng tor xay ra khi co it
nhat 1a mot chiéu kich thugc cua vat liéu nho
so sanh duoc vai ban kinh Bohr, ma ban kinh
bohr cua da sb vat liéu tinh thé ban dan nam
trong vung nano mét.

Vit lidu perovskite vo co dya trén ciu trlc
CsPbX3 duoc nghién ctru rong rdi gan day do
ching c6 tinh chit quang dién dic biét phu
hop cho cac ung dung rong rai nhu pin mat
troi, linh kién chiéu sang ran, linh kién nhay
quang...[1-3].

Mot s6 nghién ciru gan day cho thay viéc pha
tap cac ion kim loai héa tri 2 (Zn**, Mn?*,
Co%"... ) giup cai thién tinh chit quang cua
vat lieu nano CsPbBrs ciu truc perovskite
[4-5]. CO6 nhiéu phuong phap dé ché tao va
pha tap ion trong tinh thé CsPbBrs, bao gom
phuong phap phun néng (hot-injection),
phuong phap trao d6i ion, phuong phap dong
két tua. Trong viéc pha tap Co?*, J. Yang va
C4Cc cong su gan day di trinh bay quy trinh
pha tap Co(AC), va CoBr, vao mang nén
CsPbBr; bang phuong phap phun néng. Két
qua cho thay sy cai thién dang ké vé do bén
va tinh chét quang thong qua viéc téi uu ciu
trdc tinh thé va thu dong héa cac khuyét tat
khong phat quang [5]. Tuy nhién, day la
phuong phap doi hoi diéu kién ché tao kha
phuc tap (nhiét do cao > 120°C, mdi truong
khi tro, dung méi ODE dit tién...) din dén
kh6 phat trién thanh quy mé 16n.

Trong nghién ctu nay, ching toi tién hanh ché
tao va khao sat tinh chat quang caa hat nano
tinh thé CsPbBr; va CsPbBr; pha tap Co®*
bang quy trinh don gian st dung phwong phap
két tia hoa hda hoc mot budc trong dung mai
iso-octane va méi truong khong khi. Cac hat
nano tinh thé CsPbXs (X= Cl, I) ciing duogc
ché tao bang phuong phap trao doi ion. Quy

trinh ché tao va két qua duoc trinh bay trong
phan sau.

2. VAT LIEU VA PHUONG PHAP NGHIEN
clu
2.1. H6a chat

Cesium  carbonate  (Cs,CO3)  99.9%,
Oleylamine (OLA) (C18H35NH2) 98%, Oleic
acid (OA) (CygH340,) 90%, Lead bromide
(PbBr;) 99.9%, Lead lodide (Pbly) 99.9%,
Lead Cloride (PbCly) 99.9%, Iso-Octane
(Cngg).

2.2. Téng hop nano tinh thé CsPbBr;

Quy trinh ché tao hat nano tinh thé CsPbBr;
dugc thé hién nhu trong hinh 1. Pau tién, can
32.6 mg Cs,COg3, 330.3 mg PbBr, cho vao
binh cau 50 ml, sau d6 cho thém 1 ml OLA va
1 ml OA vao binh cau. Liy 10 ml iso-Octane
cho vao binh cau 50 ml ¢ trén. Lay binh cau
chua toan bo hoa chat vao bé dau 85°C, khudy
trong 25 phut. Sau do, lam lanh d6t ngot trong
bé nudc da. Bé toan bo dung dich thu duoc tai
diéu kién thuong 12 gio, sau d6, mang di ly
tam vai tde ¢ 5000 vong/phut. Bé phan dung
dich phia trén, cho thém 5 ml iso-Octane vao
bng ly tm c6 giit lai phan chét ran sau ly tam,
mang 6ng ly tam di rung siéu am. Cudi clng,
mang di ly tdm tai 5000 vong/phdt, 1ay phan
dung dich phia trén.

10 ml iso-octane Khudy

+ 1ml OLA 200 rpm DE & digu Ly tdm 6000 rpm
+ 1 ml 0A kién thuiding bo phan dung djch
+ 330.3 mg PbBr, 85 °C, trong 12 gid phia trén

+ 32.6 mg Cs,CO4 25 phtit

U

Thém 5 ml iso-
octane

Dung dich chira
chdm lugng tr
CsPbEr,

Ly tdm 6000
K romdy pren [

dung dich

Hinh 1. So’ d6 quy trinh ché tao cham lwong tor
ban dan CsPbBrs;

Pé pha tap ion Co?", tién chéat CoBr, da dugc
thém vao tir dau quy trinh nhur trén.
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2.3. Ché tao cham lwong tr vé co CsPbX;
(X=Cl, 1) bang phwong phap trao déi ion

Pbl, va PbCl, hoa tan trong dung méi DMF
duoc sir dung 1am ngudn trao ddi ion. Cham
lwong tir CsPbBrs sau khi ché tao duoc phan
tan trong dung méi iso octane véi nong do 10
mg/ml. 330 mg PbCl,, 150 mg va 330 mg
Pbl, lan luot dua vao céac lo riéng ré dung 5
ml dung dich chira CsPbBr; va khudy ¢ toc do
200 vong/ phut. Sau khoang 3h, cac lo chra
CsPbBr3; c6 mau xanh 14 cay dan chuyén sang
mau xanh da troi, cam va do nhu trong hinh 2.

2.4. Cac phép do phan tich

CAu trac hinh thai hoc cua vat liéu dugc khao
sat bang phuong phap hién vi dién tir truyén
qua (HRTEM, Jeol) tai Vién Han I&m Khoa
hoc Viét Nam. Phép do phd phét xa huynh
quang (NanoLog, Horiba) dugc thuc hién tai
Vién Tién tién khoa hoc va Cong nghé, Truong
Pai hoc Béch khoa Ha Noi. Phuong phap phd
nhiéu xa tia X (XRD, Siemens Bruker D5000)
véi btic xa CuKa (A = 1,54 R).

—

light
p .

Hinh 2. Anh chup mau sau khi ché tao
dwéi anh sang thwong va dwéi anh sang UV
bwéc s6ng <400 nm

3. KET QUA VA THAO LUAN

3.1. Ché tao hat nano tinh thé CsPbXs
(X =Cl, Br, I)

Két qua do hién vi dién tar truyén qua phan

giai cao cho thiy miu CsPbBr; va CsPhCls
thu dugc c6 dang hinh vuéng véi kich thudc
hat trong khoang 7-14 nm. Dya vao hinh thai
cua vat ligu 6 thé dy doan tinh thé nhan dugc
¢ céu tric cubic twong duwong voi cac cdng
bd gan day cua loai vat liéu nay [1-5]. Cubi
cung dbi vé6i hat nano CsPbls, kich thudc cua
hat thu duoc nam trong khoang dudi 7 nm va
O dang hat tron thay vi hinh dang vuong nhu

Hinh 3. Anh HRTEM mau hat nano CsPbBrs, CsPbCls
va CsPblz ché tao bang phwong phap hdéa
va trao déi ion

Pé quan sat rd hon vé Cau truc tinh thé cua
cac mau CsPbX3 (X= CI, Br, 1) ché tao dugc,
ching t6i tién hanh phan tich pho nhiéu xa tia
X; két qua duoc thé hién trong hinh 4.
CsPbX; duoc biét 1a két tinh theo hinh thoi, tt
gidc va da hinh l3dp phuong cua mang
perovskite. Diéu thi vi la ching t6i thay rang
tat ca céc tinh thé CsPbX; déu két tinh ¢ pha
lap phuong (hinh 4). Béi véi miu CsPbBrs,
cac dinh nhiéu xa tai cac goc 20~11, 21.5,
30.5, 34.5, 37.1 va 44.2 tuong ng V&i Ccac
mit tinh thé (100), (110), (200), (411), (211),
(202) cua tinh thé lap phuong; két qua nay
phu hgp véi anh TEM trong hinh 3. Cac dinh
¢6 xu huéng dich vé phia goc 20 nho déi véi
cac mau CsPbXs khi cac gbc halogen tir Cl,
Br, d&én 1. Piéu nay dugc cho la do ban kinh
céc ion halogen thay doi CI” (r = 186 pm) <
Br (r = 196 pm) < I" (r = 220 pm); khién cho
khoang cach & mang bi co gidn dan dén su
dich dinh nay. C4u tric md phong va cac dinh
phd chuan cua cac miu duoc thé hién nhu
trong hinh 5.
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Hinh 4. Phd nhiéu xa tia X mau bét nano CsPbXs
(X=ClI, Br, I) sau khi che tao
Dé nghién ctu tinh chat quang cua vat liéu,
ching toi tién hanh phan tich phd huynh
quang caa mau. Két qua duogc thé hién trong
hinh 6. Sy dich chuyén cua mau phat xa tir
vung budc song 500 nm sang 670 nm tuong
tng voi sy hinh thanh cua chdm luong tor
CsPbBryls.x qua phuong phap trao doi ion, khi
tang dan ty 1¢ caa | trong tinh thé cham lugng
tr budc song phat xa cua cham lugng tir cang
dich vé phia 670 nm. Tuong tu nhu vy, dé
thay d6i bugc song phét xa cua cham luong tir
vé phia 431 nm chi can tang dan ty 18 caa Cl
trong tinh thé CsPbBr,Cls. Hinh 6 (a) la pho
phéat xa cua chdm luong tir CsPbCls, CsPbBrs,
CsPbBrl, va CsPblz lan luot phat tai budc
song 431 nm, 523 nm, 575 nm va 670 nm
tuong (rng v&i mau xanh lam, luc, vang va do.
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Hinh 5. Md phéng céu tric tinh thé va phé nhiéu xa
chuén cta mau CsPbXs (X=Cl, Br, )

Gia tri bé rong ving cAm quang cia cac mau
dugc xac dinh thdng qua ham Tauc tir phd hap
thu UV-Vis. Phuong phap Tauc dua trén gia
dinh rang hé s6 hap thu phu thudc ning lwong
a ¢6 thé duoc biéu thi bang phwong trinh tauc:

(ahv)% =B(hv-E,)

Trong d6 h 1a hang s6 Planck, v 1a tan sb cua
photon &nh sang, Eq I bé rong ving cim, B 1a
hang s6. y 1a yéu té phu thudc vao su chuyén
doi to nhién cua dién tur tir cung dan xudng
vling hda tri. Vi gia tri cua y 1a % thi ban dan
c6 viing cam thang, 2 thi ban dan cé viing cam
xién. Tir pho hap thu cua céc vat liéu ta c6 thé
xéac dinh dwoc bé rong ving cam quang lan
lugt 12 1.81 eV, 2.4, va 2.71 eV tuong tng Voi
cac mau CsPbls, va CsPbBr3 va CsPbCls(hinh
6 (b)). Trong céc tng dung vé chiéu sang nhu
dén huynh quang va LED thuong can phdi
hop 2-3 loai bot huynh quang don sac khéc
nhau dé cho ra anh sang trang [6]. Tuy nhién,
d6i v6i nano tinh thé CsPbXs, chi can diéu
chinh thanh phan ion halogen (Cl, Br, I) dé
diéu chinh budc séng phéat quang. Két qua cho
thiy chdng c6 tiém ning (ng dung trong cac
linh vuc lién quan dén chiéu sang trong ving
nhin thay.
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Hinh 6. (a) Phé huynh quang va hap thu UV-Vis cla

c&c mau CsPbXz(X= Cl, Br, I) ché tao dwerc, (b) Do

réng viing cdm quang cta cac mau xac dinh théng
qua ham Tauc

3.2. Ché tao hat nano tinh thé CsPbBr; pha
tap Cobalt

Dé cai thién hon nira chét luong tinh thé va
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tinh chat qguang cua vat li¢u nano tinh thé
CsPbBrs, ching tdi tién hanh ché tao CsPbBr;
pha tap 5% Co*" tir tién chit CoBr,. Két
qua duoc trinh bay trong hinh 7. Két qua cho
thiy, cuong d6 nhiéu xa tia X cta mau
CsPbg 95C0g 05Br3 tang 1én 1o rét; dc‘)ng thoi
dinh nhiu xa c6 xu huéng dich vé goc 26 1on
(Hinh 7 (a) va (b)). Biéu nay c6 thé Ia do su
khéc biét vé béan kinh ion giira Pb®" va Co*
dan dén sy x6 léch v& 6 mang khi Co*" thay
thé mot phan Pb* trong mang nén. Mat khéc,
su Xuat hién cua ion Co%*" c6 thé da khién
truong tinh thé ting 1én giup cho cudng dod
nhiéu xa cta mau CsPbg.gsC0p0sBrs cao hon
s0 vGi CsPbBrs. Biéu nay phd hop véi nghién
clru trude do vé viéc pha tap ion Co®* vao tinh
thé CsPbBr[5].
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Hinh 7. (@) Phé nhiéu xa tia X, (b) phé hap thu UV-Vis
va bé réng viing cadm quang (hinh bén trong),

(c) phé huynh quang cta cac mau CsPbBrs va
CsPb.95C00.05Brs, va (d) mé hinh tinh thé CsPbBr3

phatap Co?

Ph6é hip thuy UV-Vis va huynh quang cua
cdc mau CsPbggsC0oosBrs va CsPbBrs
(hinh 7(b)-(c)) cling cho thdy su cai thién
vé tinh chat quang. Su tang 1én vé cudng do
hip thu & budc séng dudi 500 nm dan dén
cuong d6 huynh quang tang. Ngoai ra, do
rong ving cam tang lén tir ~2.4 dén 2.42 eV
dan dén su dich dinh huynh quang tir ~516 nm
dén 513 nm.

4. KET LUAN

Trong nghién ctru nay, chung toi da tién hanh
ché tao hat nano tinh thé CsPbX; (X = CI, Br,
I) bang phuong phidp héa mot budc va trao
d6i ion. Cac mau CsPbBrs; va CsPbCls thu
dugc c6 dang hinh vudng vai kich thudc hat
trong khoang 7-14 nm, va dudi 7 nm déi véi
mau CsPbls. Ching phét quang véi cac budc
song 450, 516 va 660 nm khi duoc Kich thich
bang nguodn sang c6 budc song dudi 400 nm
twong Gng véi mirc nang lugng ving cam lan
luot 1a 1,81, 2,4 va 2,71 eV. Bude dau khi tién
hanh pha tap ion Co** vao mang nén CsPbBr;
cho thdy sy cai thién vé cau tric tinh thé va
tinh chat quang ciia mau CsPbggsC00.05Br3 ddi
véi mau khéng pha tap CsPbBrs.

LO1 CAM ON

Céng trinh nay dwoc thwce hién voi sw ho tro vé
kinh phi béi Bé Gido duc va Pdo tao (MOET) dé
tai md sé “B2020 BKA 25 CTVL”.
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