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Vat liéu perovskite pha tap Mn?* dang dwec nghién cru rong rai vi dac tinh quang hoc, dién
tlr va ttr tinh tha vi ctda chang. Trai ngwoc véi viéc pha tap Mn?* trong cAu truc tinh thé
CsPbCls, viéc pha tap Mn®* va tinh th& nano CsPbBr; bang phwong phap ddng két taa 1a
twong déi don gian. Trong bao cao nay chuing téi da quan sat thiy dwoc nhivrng thay déi vé
hinh thai, cAu truc cling nhu tinh chat phat quang ciia CsPbBr; khi dwoc pha tap Mn?*. Vat
liéu c6 sw gia ting kich thwéc sau khi pha tap, cling nhw thay déi tir dang cAu trac tinh thé
lap phwong sang c4u trdc tinh thé trye thoi. Sau khi pha tap thanh céng cé sy xuét hién cla
dinh phat xa tai 483 nm. Viéc nghién ciru rong rai trong su thay ddi tinh chat quang cla vat
liéu Perovskite pha tap Mn®" cho thdy cé kha nidng trng dung trong thuc té cta loai vat
liéu nay.

Cham luwong t&r ban dan, kich thwéc hat, tinh chéat quang.

Mn?* doped perovskites have been widely discovered for their interesting optical, electronic
and magnetic properties. In contrast to the Mn** doping in the CsPhCl; crystal structure, the
doping of Mn?* and CsPbBr, nanocrystals by the co-precipitation method is relatively
straightforward. In this report, we observed the changes in morphology, structure as well as
luminescent properties of CsPbBr; when being doped with Mn?*. Materials show an
increase in size after doping, as well as change from a cubic crystal structure to a
rhombohedral crystal structure. After successful doping, an emission peak at 483 nm was
observed. Extensive research on the change of the optical properties of Mn?* doped
Perovskite material shows the possibility of practical applications of this material.

Semiconductor Quantum dots, particle size, optical properties.

1. GIOI THIEU

Cham luong tir chalcogenide CdTe, CdSe la
loai vat liéu rat dugc quan tam trude day vi co
hiéu suat phat quang tdt trong viing anh séng
kha kién, nhung do chtra Cd Ia kim loai ning
duoc xem 1a rat doc hai khi tich tu trong co
thé nguoi [1]. Bén canh dé, do su suy giam
kha ning phat quang cua chim luong tir
chalcogenide bi anh huéng manh boi cac sai

hong bé mit. Do d6, chung doi hoi quy trinh
ché tao vat liéu cau tric 16i vo phic tap va dat
tién. Vi vay cac vat lidu phat quang hiéu suat
cao thay thé CdTe va CdSe dang duogc tich
cuc tim kiém.

Vit liéu Perovskite gan day dugc lya chon
trong nghién cu cac chdm luong tir 1a do
nang lugng ving cam caa chdng (6 trang thai
vat liéu khéi) twong tng véi viing hong ngoai
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gan va ving anh sang nhin thay, khi cé hiéu
ung giam gitr lwong ta, chung s€ phat huynh
quang trong viing phd kha kién, thuan tién cho
cac rng dung hién thi huynh quang [2-3]. Kha
nang phat quang cua ching ciing it bi anh
huong bai cac sai hong bé mat do d6 khong
can ché tao & dang cau trdc 16i vo phuc tap.
Mic du vat liéu chira chi va thiéc halogen da
duoc tim thay tir nhitng ndm 1893, nhung tinh
thé dau tién nghién cu xac dinh rang chi
halogen c6 cau tric perovskite véi cong thic
hoa hoc CsPbX; (X = ClI, Br hoac ) chi duoc
thuc hién 64 nam sau boi nha khoa hoc nguoi
DPan Mach Christian Meller. Ong ciing quan
sat thdy rang céc vat liéu nay hanh xo nhu
chat ban din. Trong nam 1978, Dieter
Weber thay thé caesium bang cation
methylammonium (CH3NH5") dé tao ra chim
lwong tir lai v6 co - hitu co perovskites dau
tién. Cac ion caesium hoac cation hiru co nho
nhu metylamoni va formamidinium chiém céc
khoang tréng hinh khéi bai 12 ion halide lan
can gan nhat. DBic tinh ciu trdc cua lai
perovskites cua cong thuc CH3NH3BX; (voi
B = Sn (ii) hoac Pb (ii) va X = ClI, Br hoac I)
cling di duoc xem xét gan day.

Hudéng nghién ciru vé vat liéu perovskite pha
tap Mn?* dang dwoc nghién ctu rong rai vi
dac tinh quang hoc, dién tir va tur tinh tha vi
cua chung. Trai nguoc véi viéc pha tap Mn®*
trong cau trdc tinh thé CsPbCls, viéc pha tap
Mn?* va tinh thé nano CsPbBr; bing phuong
phap ddng két taa 1a twong dbi don gian. Viéc
pha tap c6 thé tang cuong kha nang kich thich
phat quang, dong thoi ting niang lwong hinh
thanh dan dén cai thién do bén cua tinh thé

[4].

Trong nghién cau nay, ching toi trinh bay
viéc ché tao nano tinh thé ban dan CsPbBrs;
pha tap ion Mn®* bang phuong phap téng hop
hda hoc mot budc. Anh huong cua nong do
pha tap Mn?* 1én hinh thai, cu triic va tinh

chat quang cua hat nano CsPbBr; dugc trinh
bay trong phan sau.

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

Cesium carbonate (Cs,C0O3) 99,9%, Oleylamine
(OLA) (CigH3sNH;) 98%, Oleic acid (OA)
(C13H3402) 90%, Lead bromide (PbBrz)
99.9%, Mangan (I1) bromide (MnBr;) 99,9%,
Iso-Octane (CgH1g).

2.2. Téng hop nano tinh thé CsPbBr;

Pau tién, can 32,6 mg Cs,COs;, 330,3 mg
PbBr, cho vao binh ciu 50 ml, sau do cho
thém 1 ml OLA va 1 ml OA vao binh cau. Lay
10 ml iso-Octane cho vao binh cau 50 ml &
trén. LAy binh cau chira toan b hda chét vao
bé dau 85°C, khuay trong 25 phit. Sau do,
lam lanh d6t ngot trong bé nude da. DBé toan
bo dung dich thu duoc tai diéu kién thuong 12
gio, sau d6, mang di ly tdm véi toc d6 5000
vong/phdt. Bé phan dung dich phia trén, cho
thém 5 ml iso-Octane vao éng ly tdm cé giir
lai phan chat ran sau ly tam, mang 6ng ly tam
di rung siéu am. Cudi cling, mang di ly tim tai
5000 vong/phut, 1ay phan dung dich phia trén.
Mn?* dwoc pha tap vao tinh thé CsPbBr; bing
phuong phap trao d6i ion bang cach dua truc
tiép MnBr, vao dung dich chtra hat nano
CsPBr; va khuiy ¢ 80°C trong vong 24 gio dé
thu duoc CsPbyMny_,Bra.

10m| iso-Octane + 1m 85doC
OLA +1m| OA +330.3 mg I
PbBr, +32.6 mg C5,C0;

o Déddiéukién thuimg . Lytdm bo phin dung
Y trong 12 gior —y dich phia trén
(khudy tir, 25 phat)

Dung dich chim lugng tir
CsPbBr3

¥

100y1 Dung dich
CsPbBr,

(0.116mg/ml)+
MnBr,

Ly tim |3y phin dung

dich phia trén Thém 5ml iso-Octane

Khudy tir tai Ly tam
80°C trong 30
phit 5000 vong/phut

Dung dich
CsPb,Mn, Br,

Hinh 1. So’ d6 quy trinh ché tao cham lwong tor
ban dan CsPbBr; pha tap ion Mn?*
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2.3. Cac phép do phan tich

CAu tric hinh thai hoc cua vat liéu duoc khao
sat bang phuong phap hién vi dién tir truyén
qua (HRTEM, Jeol) tai Vién Han ld&m Khoa
hoc va Cong nghé 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 Bach khoa Ha N6i. Phuong
phdp phd nhidu xa tia X (XRD, Siemens
Bruker D5000) véi buc xa CuKo. (A = 1,54 A).

3. KET QUA VA THAO LUAN

3.1. Anh hwéng ctia Mn® 1én céu tric
tinh thé cta cham lwong tir Perovskite
CsPbBr;

Hinh 2 cho thay két qua phan tich cau tric va
hinh thai cia mau tinh thé perovskite CsPbBr;
khi chua pha tap. Két qua cho thdy mau thu
dugc ¢6 cau trdc tinh thé 1ap phuong cubic,
thuoc nhém khdng gian Pm-3m, thé tich don vi
tinh thé 176 A% véi cac dinh nhiéu xa dic
trung (100), (110), (111), (210), (211), va (220)
(xem hinh 2 (a)-(c)). Két qua do hién vi dién tir
truyén qua phan giai cao ciing cho thay mau
thu duoc c6 dang hinh vuéng véi kich thudc
hat trong khoang 5-10 nm (hinh 1(d)).
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Hinh 2. (a) phé nhiéu xa tia X, va (b) phd chuan XRD,
(c) m6 hinh céu tric tinh thé lap phwong va (d) anh
TEM ctia mau cta mau CsPbBrs khéng pha tap

Déi v6i cac mau CsPbBr; pha tap ion Mn®,
cac phép do phan tich cau tric va hinh théi
ciing duoc kiém tra va trinh bay trong hinh 3.
Khéc voi mau khong pha tap, phd nhidu xa tia
X cua cac mau pha tap Mn?* 1 dén 5% Mn?*
(theo ty 18 mol Pb?*) cho thiy mau thu duoc
c6 cau trac tinh thé truc thoi (orthorhombic),
thuoc nhém khdng gian Pnma, thé tich don vi
tinh thé 793 A% véi cac dinh nhidu xa dic
trung  (101), (121), (202), (222), (123),
(242)... Cuong do nhiéu xa cao nhit dat duoc
v6i miu pha tap Mn®* 1a 2%. Tuy nhién,
cudng do6 nhiéu xa c6 xu huéng giam khi
ndng d6 Mn?* tang 1én tir 3 dén 5%. Két qua
do hién vi cho thdy mau pha tap 2% Mn®* ¢6
kich thugc hat trong khoang 31 nm; kich
thudc nay to hon gap khoang 3 lan so véi mau
khong c6 su xuat hién caa ion Mn?*. Nhu vay,
budc dau cd thé nhan dinh rang su xuat hién
caa ion Mn?* 1am thay di cAu tric cua tinh
thé CsPbBr; tir dang lap phuong sang truc
thoi (hinh chir nhat). Diéu nay c6 thé la do sy
sai khac v& ban kinh cua ion Mn?* thay thé
cho ion Pb?*,

Tiép theo chdng t6i tién hanh do phd huynh
quang caa cdc mau CsPbBrz va CsPbBrs pha
tap Mn?* ché tao duoc.
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Hinh 3. (a) phd nhiéu xa tia X, va (b) phé chuan
XRD,(c) mé hinh céu truac tinh thé lap phwong va
(d) anh TEM ctia miu ciia miu CsPbBr; pha tap Mn**
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3.2. Anh hwéng cua Mn? pha tap |én tinh
chat quang cua CsPbBr,

Hinh 4 cho thiy phé huynh quang (kich thich
& budc song < 460 nm) va phd hap thu
UV-Vis cia mau CsPbBr; khdng pha tap. Két
qua cho thay mau hap thu anh sang & budc
song < 500 nm va phat xa ¢ 515 nm. Nhan
thdy phé huynh quang c6 cau tric bat ddi
xung nhe, léch vé phia buéc song dai; ching
t6i tién hanh tach phd theo ham gaussian
(hinh 4(b)). Két qua cho thiy cac dinh huynh
quang trai dai trong khoang 500-525 nm. Diéu
nay cd thé duoc giai thich 1a do kich thuéc hat
phan bé rong trong khoang 5-10 nm. Do ban
kinh Bohr cua vat liéu CsPbBr; trong khoang
7-10 nm; céc hat CsPbBr; c6 ban kinh tuong
duong vt liéu khdi phat xa ¢ budc séng 525
nm, va cac dinh c6 budc s6ng ngin hon cod
ngudn géc tir cac hat ¢ kich thuéc nhd hon
ban kinh Bohr.

Hinh 5 cho thdy ph6 huynh quang cua céc
mau CsPbBr; pha tap ion Mn®* tir 0 dén 5%
(theo ty 16 mol Pb?").

Khi phan tich sdu hon cac phd huynh quang
cua cac mau CsPbBr; pha tap ion Mn®* bing
phuong phép tach pho theo ham Gauss, ching
t6i nhan thay su khac biét vé ciu tric cac dinh
phd phét xa cua ching khi so sanh véi mau
khong pha tap. D4i véi mau pha tap Mn?* 1%,
phd huynh quang gom ba dinh tir 500 dén 526
nm gidng véi mau khong pha tap; ¢ thé 1a do
ham lwong Mn?* nhé nén khong quan sét thiy
su khéc biét. Tuy nhién véi mau pha tap 2%,
xuat hién thém mot dinh ¢ 483 nm. Ngudn
gdc dinh nay c6 thé 1a tir ion Mn®" pha tap
gidng nhu cac cong bd trude d6. Tuy nhién
Vv6i cac mau pha tap 16n hon tir 3% dén 5%
khong quan sét thiy dinh nay. Diéu nay cd thé
duoc cho 1a do Mn?* da hinh thanh cac mang

nén khac khong phat quang nhu CsMnBrs,
hoac Cs;MnBrs.

Hinh 6 cho thiy cuong do tich phan phd
huynh quang va hiéu suét chuyén d6i quang
ciia cac mau ché tao duoc. Két qua cho thay
cudng do quang cua cac mau pha tap ting lén
dang ké so voi mau khong pha tap. Diéu nay
c6 thé dugc cho 1a do khi pha tap ion Mn** s&
lam ting cac tdm hap thu va phat xa quang;
ngoai ra, kich thudc hat tang I1én cling gitap
tang kha ning hap thu cua hat nano ddi véi
cac ngudn anh sang téi.

Hiéu suat chuyén doi anh sang 1a dai lugng
dugc tinh dya trén kha nang phat xa anh sang
thi cap (vang xanh luc) khi nhan duoc &nh
sang kich thich 1a anh sang so cap ving xanh
lam tir nguon sang chiéu téi:

G
B, B,

(o]

H (%) =

Trong do:

H: Hiéu suat chuyén doi cua bot phosphor;

G: Cong suat phét xa viing xanh luc (thtr cap);
Bo: COng suat phat xa cua nguon xanh lam
ban dau;

B.: COng suit phét xa ving xanh lam sau khi
chiéu qua mau CsPbBr; pha tap ion Mn*".

Két qua cho thiy, hiéu suat chuyén d6i da
giam déng ké tir 49% xubng 36% khi pha tap
1% Mn* mac du cuong do phat quang tang
manh. Tuy nhién, hiéu suat chuyén doi ting
manh (> 54 % )khi néng d6 pha tap tang lén
dén 2%. Diéu nay c6 thé 1a do khi & nong do
pha tap thap, Mn?* chi dong vai trd tdm hap
thy va truyén niang lwong cho mang nén
CsPbBrs; khi nong do pha tap ting 1én, ching
dong vai tro la cac tam phat quang va gop
phan 1am ting hiéu suét chuyén doi quang.
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Hinh 4. (a) phé huynh quang va hap thu UV-Vis, (b) tach phé huynh quang theo ham gauss cia mau CsPbBrs;
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Hinh 5. Phé huynh quang ctia cac mau CsPbBrs pha tap Mn?* tir 0 dén 5%
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Hinh 6. Cwong dd tich phan chuén héa (dwéng nét nhé) va hiéu suat chuyén déi bwéc séng (dwong nét to)

ctia cac mau CsPbBrs pha tap Mn?* tir 0 dén 5%

4. KET LUAN dinh phéat xa ung dung trong dén LED phat
Chung t6i da thanh coéng trong viéc pha tap anh sang trang.

Mn?* va trong vat liéu CsPbBr; bang quy trinh
don gian. Qua két qua XRD va anh chup TEM

LO1 CAM ON

da cho thiy sy thay ddi vé& kich thudc va cdu  Nghién ciu nay duoc tai tro boi Truong Pai hoc
tric cua vat lieu. V6i sy xuat hién thém dinh  Bach khoa Ha Ngi trong dé tai mad so
phat xa huynh quang méi da dua ra huéng  T2020-SAHEP-037.
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