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SUMMARY

CRYSTAL STRUCTURE AND OPTOELECTRONIC PROPERTIES
OF MICROSIZED SINGLE-CRYSTAL HYBRID ORGANIC-INORGANIC
PEROVSKITE PARTICLES

In this study, we characterize the crystal structure and optoelectronic properties of the hybrid organic-
inorganic  perovskite  CH3;NH3PbBr;  fabricating by  precursor  solution-dipping  on
glass/FTO/PEDOT: PSS substrate. Structural analysis results reveal that the as-fabricated perovskite is

microsized single crystal particles, belonging to the cubic crystal system in space group Pm3m, with

lattice parameters of a =b = c = 592 4, a = B =y = 90° V = 207.42 A* and having a preferred
orientation of (n00) representing by the corresponding high-intensity diffraction peaks. The crystals
show a relatively strong absorption with an optical energy band gap of E; = 2.99 eV. The I - V
characterization for the crystals exhibits strong current responses under excited-light irradiation. This
work is proposed to offer a potential opportunity for efficient micro optoelectronic devices based on
microsized CH3NH3:PbBrs; single crystals.

Keywords: perovskite, microsized hybrid organic-inorganic, CH;NH3;PbBrs3

1.MO PAU suit va do 6n dinh cia cac thiét bi. Dé cai thién
Nhitng niam gan day perovskite lai v6 co - hiru nhugc diém nay, vat liéu don tinh thé
co (hybrid organic-inorganic perovskite: perovskite da chiing minh dugc tinh uvu viét va
HOIP) da ndi 1én nhu mot vat liéu gia ré va tiém ning dé thay thé vat liéu mang mong da
htra hen nhét cho cac img dung quang dién va tinh thé. Vé mit 1y thuyét, cic don tinh thé
quang dién tur [1-4]. Céc vat liéu HOIP c6 cong HOIP s& hitu cac dac tinh quang dién tor vuot
thue chung la AMXs, trong do A la cac cation troi hon so voi mang da tinh thé do mat do
hitu co (CH3NH3", HC(NH2:).",...), M 1a cac khuyét tat the"ip va khoéng c6 bién hat, tham chi
cation kim loai (Pb*', Sn?',...) va X la céc vat liéu don tinh thé nay con c6 thé so sanh
anion thudc nhém halogen (Cl, Br™ hoac I) tuong duong vé mat tinh chét v6i don tinh thé
[5]. Tuy nhién, do chu yéu duogc str dung dudi silicon [6-7]. V& mat thuc nghiém, don tinh thé
dang mang mong da tinh thé nén vat liéu HOIP HOIP dugc ching minh ring c6 d6 linh dong
¢6 nhugc diém 1a chira nhiéu khuyét tat toi tir hat tai cao hon gép 3 1an, chiéu dai khuéch tan
bién ciia cac hat da tinh thé. Pay ciing 1a tro hat tai cao hon gip 5 1an va mat do bay hat tai
ngai chinh trong viéc néng cao hon nita hi¢u thdp hon 4 bic so v6i mang da tinh thé cing
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vét liéu [8]. Do s hitu cac dic tinh uvu viét nhu
vdy nén don tinh thé HOIP c6 loi thé rat 16n
trong ché tao cac linh kién nhu pin mat troi
(PSC) [9, 10], cam bién quang [11-14], dibt
phét quang va laser [15-16].

Mot vai cong trinh tidu biéu co thé ké dén nhu:
vao nam 2017, nhom ciia Huang di bao céo két
quéa nghién ctru vé PSC st dung cac tam don
tinh thé CH;NH3Pbls (MAPbI3). Nhom di ché
tao PSC bang cach thay thé cac mang mong da
tinh thé bang cac tim don tinh thé do day khac
nhau va thu dwoc hiéu suat chuyén doi ning
lugng (PCE) 1én dén 17.8% khi d6 day cua tm
don tinh thé dat 10 um [17]. Gan day, Bakr va
cac ddng nghiép dd cong bd hidu suét ky luc
lén dén 22.8% khi st dung don tinh thé
FAosMAo4Pbls c6 chiéu day 15 um [9]. Két
quéa cua nhom tac gia chi ra rang, do hap thu
ving hdng ngoai cua don tinh thé nay dugc cai
thién 1én téi 50 meV so voi mang da tinh thé
FAPbIs, va c6 tinh chat tot tiém can toi GaAs,
hién dang 1a vat liéu ban dan c6 hiéu sudt
quang dién tot nht. Bén canh cac tng dung
cho PSC, cac don tinh thé HOIP ciing thé hién
dugc tiém ning cia chung trong ché tao cac
cam bién quang. Cam bién quang cia Liu va
cac cong su st dung don tinh thé perovskite
CH3NH3PbBrs (MAPbBr3) cho d§ dap tmg (R)
cung hiéu suét luong tir (EQE) lan luot 1én t6i
1.6x10* mA/W va 3900%, cao hon nhiéu lan
s0 v6i cac vat lidu cam bién quang dién hinh
nhu InGaAs, Ge, Si, CNT, ... [8, 18]. Dic biét,
c4c cam bién quang sir dung don tinh thé HOIP
kich thuéc pm/mm khong chi ¢6 kha nang phat
hién anh sang trong ving nhin thdy ma ching
con rat nhay véi tia X [19, 20]. Nghién ctru cia
Wei va cac dong tac gia chi ra ring, cam bién
quang sir dung don tinh thé MAPbBr3 c6 do
dén 80

HC. G}r;ij;,mn_:, cao hon 4 lan so voi cam

nhay ddi véi tia X Ién

bién sir dung a-Se théng dung hién nay [20,
21]. Nhiing két qua cong bd nhu da néu trén
cho thay tiém ning rat 16n dé mo rong cac g
dung cua linh kién don tinh thé HOIP trong
linh vuc ning luong sach va y té.
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vé mat ché tao, cac don tinh thé HOIP thuong
dugc nuoi trong moi truong dung dich st dung
mot trong s6 cac phuong phap bao gdm siéu
bio hoa, bay hoi chim, két tinh nghich dao
nhié¢t @6 (ITC) va két tinh khang dung moi
(AVC) [8, 9, 17, 20-23]. Dé ché tao don tinh
thé kich thudc micro thi c6 hai cach tiép can:
(i) ding may cua co hoc dé cit cac don tinh thé
dang khéi 16n dd ché tao tir cac phuong phap
dung dich néu trén [24, 25], hoac (ii) trong qua
trinh ché tao, tinh thé mdi duoc dat trong
khong gian gidi han boi hai tim dé phing co
thé thay ddi khoang cach nhu trong nghién ctru
cta Huang va Bakr [9, 17]. Tuy nhién, ca hai
cach tiép can nay déu rit phuc tap, dong thoi
doi hoi thoi gian ché tao dai va/hodc chi phi
cao. Mot phuong phap don gian va nhanh
chong hon di dugc mot s6 nhom tac gia da st
dung dé ché tao cac day/cot perovskite kich
thuéc micro/nano. Theo do, cac mau don tinh
thé perovskite kich thudc micro dugc ché tao
bang phuong phap nhing dé c6 chira Pb trong
dung dich tién chit & nhiét d6 phong trong thoi
gian tir 4 dén 20 gio v6i miat chira Pb cua dé
hudng xubng [16, 26-28].

Trong bai bao nay, chiing toi tién hanh ché tao
mAau don tinh thé MAPbBr; dwa trén phuong
phap nhung dé néu trén, nhung mit chira Pb
cia dé dugc huéng 1én, nhim ting kha ning
tiép xtic ciia mang chira Pb voi dung dich tién
chat, tir d6 tang tdc do két tinh cua mau, dong
thoi gitip giam thoi gian ché tao xudng chi con
1 gid. Cac két qua thyc nghiém két hop v6i mod
phong vé cau tric tinh thé va dic tinh quang
hoc cua cac vi tinh thé s& duge khao sat va
thao luan. Két qua cho thiy phuong phap ché
tao hiéu qua dé tong hop nhanh mau kich
thudc micro c6 cht lugng tinh thé cao.

2. THUC NGHIEM

Céc hoa chét st dung trong nghién ctru ndy cua
Sigma Aldrich. Quy trinh thyc nghiém ché tao
don tinh thé HOIP kich thuéc micro duoc mé
ta nhu & hinh la. Trudc hét, d&é thay tinh c6
phu san thiéc oxit pha tap fluorine (FTO) duoc
lam sach bang rung siéu 4m lan luot trong cac
dung méi acetone, ethanol va nudc khir ion dé
loai bo hét tap chét, sau d6 duoc lam kho bﬁng



dong khi Na. Nhim ting cuong d6 bam dinh
clia mau tinh thé MAPbBr3, mot 16p dém poly
(3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT:PSS) dugc ché tao trén dé
thay tinh/FTO bé‘lng phuong phap quay phu,
sau do dugc U nhi¢t & 120°C trong 10 phut.
L6p PEDOT:PSS dong thoi ciing c6 thé dong
vai tro 1a dién cuc dudi trong subt trong cac
ung dung quang dién tir.

Dung dich tién chit chira Pb duogc diéu ché
bang cach ding 5 mg Pb(II) acetate trihydrate
(PbAc2.3H20) hoa tan trong 5 ml isopropanol
(IPA), sau d6 dugc quay phu trén bé mat dé
thay tinh/FTO/PEDOT:PSS, sau d6 dugc 0
nhiét & 110°C trong 30 phut. Tiép theo, cac dé
tinh/FTO/PEDOT:PSS/PbAc:
nhiing vao trong cac lo chira tién chét hitu co

thuy duge
methylammonium bromide (MABr) trong 1
gio voi mat c6 mang PbAc: hudng 1én trén.
Céc tién cht hitu co duge diéu ché bang cach
hoa tan MABr trong IPA v6i ndng d6 8 mg/ml.
Hinh thai bé mit cia cac mau duoc khao sat
bang kinh hién vi dién tir quét (SEM) Hitachi
S-3000N. Gian d6 nhiu xa tia X (XRD) dugc
do trén may nhiéu xa tia X Bruker-AXS D8
Advance st dung budc song CuKa (A =
1.5418(6) A). Pic trung I-V duge do bang kinh
hién vi lyc nguyén tir din dién (C-AFM)
Asylum Research MFP-3D véi dién cuc dudi
la PEDOT:PSS va dién cuc trén la tip AFM
phu Au. Phé hép thu duoc duoc khao sat béng
miy quang phd UV-Vis-NIR Shimadzu
UV3600. Dé so sanh véi thuce nghiém, cac Kkét
qua mo phong vé cu triic tinh thé, phd nhidu
xa tia X va phd hap thy UV-Vis cua vi tinh thé
HOIP ciing duogc thuc hién bang phin mém
VESTA va ky thuat phiém ham mat d6 phu
thudc thoi gian (TD-DFT) [29].

3. KET QUA VA THAO LUAN

Hinh thai bé mit cia mau tinh thé HOIP duogc
mo ta 6 hinh 1b. Hinh nho dinh kém bén trong
hinh 1b 1 anh chup ciia mau tinh thé mau vang
cam trén dé thuy tinh/FTO/PEDOT:PSS. Hinh
thai bé mit cho thiy cac hat tinh thé HOIP
dang hinh hop chit nhat kich thudc < 10 um
dugc moc c6 dinh hudng trén nén phéng, duoc
cho 1a ciia ¢&¢ PEDOT:PSS. Diéu nay chimg to
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thoi gian 1 gio 1a du d¢& mang mong PbAc»
phan tmg hét voi dung dich tién chit MABr dé
tao thanh MAPbBr3. Cac mau c6 xu hudng két
tinh véi mit tinh thé song song véi dé. Noi
cach khac, mau hinh thanh trén dé co huéng
tinh thé wu tién. Pic tinh nay s& duoc khao sat
thong qua gian db nhidu xa tia X.
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Hinh 1. (a) So d6 quy trinh thic nghiém ché
tao méu don tinh thé HOIP kich thuéc micro;
(b) Hinh thdi hoc bé mdt ciia mau (hinh nho:
danh chup cia mau trén dé thiyy tinh/FTO/
PEDOT:PSS); (c) XRD thyc nghiém (dwong
mau den) va tinh toan (dwong mau do)
Hinh Ic 1a gian @6 XRD ciia mau HOIP véi s6
liéu thuc nghiém (dudng mau den) va $6 liéu
tinh toan bang phan mém VESTA (duong mau
d6). Tur thuc nghiém cho thay xuét hién cac
dinh & 26 = 14.9°, 21.2°, 26.4°, 30.1°, 33.8°,
37.1°, 43.1°, 45.8° va 48.5°. So sanh voi két
qué tinh toan c6 thé thy vi tri cac dinh thuc
nghiém nay trung khép véi cac dinh mo phong,
va tuong umg v6i dinh hudng tinh thé (100),
(110), (111), (200), (210), (211), (220), (300)
va (310), phi hop véi cac két qua XRD da
duoc cong bd cua tinh thé MAPbBr3 [30-32].
Xét vé cuong do dinh, cac dinh tuong tng véi
hudng tinh thé (100), (200) va (300) cia mau
¢6 cuong do cao hon han so voi nhing dinh co
hudng tinh thé khac, cho thdy tinh thé moc co
dinh hudng wu tién 1a (n00) véin=1, 2, 3, ...
va phu hop tét v6i két qua quan sat dugc tir
hinh thai hoc bé mat. Ngoai ra dinh nho tai 20
~37.9° thudc vé dé FTO [33, 34]. Két qua tinh
todan mo phong cho thay mau hat tinh thé HOIP
thuoc hé lap phuong véi nhoém khong gian



Pm3m va cac théng s6 mang laa=b=c =

592A, a=B=y=90° V=207422) A3,
phii hop véi cac két qua da cong bd [35, 36].
Nhu vay, su trung khép gilia Kkét qua thuc
nghiém XRD véi két qua mo phong cho thay
mAu ché tao dugc dung ty luong, co chét luong
tinh thé cao voi dinh huéng wu tién tinh thé
(n00). Hinh 3a mo6 phéng cAu trac mot 6 don vi
cia MAPbBr3 bao gdm 8 bat dién [PbBre] nam
& 8 goc cua o lap phuong co tam 1a mot chudi
hiru co CH3NHs.

T két qua mo phong cdu trac tinh thé
MAPDBI3, toa d§ cac nguyén tir Pb, Br, C, N,
H trong ciu tric bao gdm mot cum bat dién
[PbBrs] két hop CH3NH3 (xem trude hinh 3b)
dugc st dung lam di liéu dau vao cho qua
trinh mo phong tinh toan phiém ham mat do
phu thudc thoi gian (TD-DFT). Trudc tién, mot
qué trinh tdi wu héa hinh hoc dugc thuc hién
dé tai tao trang thai cin bang va ning luong
cuc bo tbi thiéu cua cac cum nguyén tir trén.
Sau d9, viéc tinh toan cac qua trinh chuyén ddi
dién tir c6 thé xay ra trong ving budc song dnh
sang nhin théy duoc thuc hién trén ciu tric
hinh hoc di dugc tdi vu hoéa. Trong tinh toan
md phong ndy, cic phin mém Avogadro,
ORCA va IboView da dugc st dung dé tai tao
cAu tric cum, phd hip thu UV-Vis 1y thuyét va
hinh dang cac HOMO-LUMO tuong Gng cua
tinh thé MAPbBrs.

Hinh 2a mé ta pho hip thu UV-Vis clia mau
HOIP. Duong thuc nghiém (mau xanh) cho
thdy d¢ hip thu quang hoc ctia mau tuong ddi
manh trong vung budc séong < 550 nm tuong
ung v6i mau vang cam quan sat dugc tr anh
chup ¢ hinh nho dinh kém cida hinh 1b va phu
hop véi cac két qua da duoc cong bb [31, 37].
Puong tinh todn md phéng (mau do) cia cum
bat dién [PbBre] két hop CH3NH3 cho thdy mot
dinh dac trung c6 cuc dai khoang 540 nm. Sy
khac nhau vé do hap thy trong dai < 550 nm
duogc giai thich do duong thuc nghiém la két
qua ctia qua trinh hip thu va tai hap thu cac tia
phan xa/khuc xa thong qua nhiéu 16p nguyén
tir ciia mau don tinh thé, trong khi két qua mo
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phong 1y thuyét chi 4p dung cho duy nhét 1 16p

nguyén tir.
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Hinh 2. (a) Phé UV-Vis thire nghiém (dwong
mau xanh) va tinh toan (dwong mau do) cua
mau HOIP; (b) Do thi Tauc twong ing; (c, d)
Cdu hinh do va dic trung I-V khi ¢é va khong
coO danh sang kich thich
DPé co thé xac dinh gia tri cua do rong vung
cAm Ej, chung toi tién hanh vé& d6 thi Tauc cta
(ahv)? theo gia tri Eg nhu hinh 2b, véi dit liéu
lay tir hinh 2a. Két qua cho thiy gi tri 6 rong
ving cam déu nam trong khoang E, ~ 2.27 eV,
phit hop véi két qua dwoc bao cao ddi véi cac
don tinh thé MAPbBr3 dugc ché tao thong qua
nhiéu phuong phap két tinh khac nhau [38-41].
Vé mit 1y thuyét, phd hép thu cia mau duoc
tinh toan trong vung budc song 450 - 650 nm
la do su chuyén ddi dién tt tir cac mirc HOMO
sang mitc LUMO. Duva trén su biéu dién 3
chidu cua cic obitan phén tir tham gia vao cac
qué trinh chuyén ddi nay (hinh 3c-f), ching t6i
nhan thdy ring dinh hip thy thu dugc tir tinh
toan ly thuyét, cling nhu quan sat dugc bang
thuc nghiém, lién quan dén sy thay ddi mat do
dién t trong bat dién [PbBrs] v6 co va/hoac
gitta bat dién [PbBrs] va chudi hitu co
CH3NHs. Cu thé hon, obitan phan tir bi chiém
dung cao nhit (HOMO) cho thiy su phan b
dién tich trén cac obitan nguyén tir 6s cua Pb
va 4p cua Br. Ngoai ra con c6 thém dong gop
ctia cac phan bd dién tich trén chudi hiru co
CHsNHs (hinh 3f). Trong khi do, hai mic
obitan phan tir thip hon HOMO-1 va HOMO-2
cho thdy cic dién tich chi phan bd trén cac
obitan nguyén tir 4p cia Br (hinh 3d-¢). Mat
khéc, mirc obitan phan tir khong bi chiém dung
thdp nhit (LUMO) cho thiy sy phan b dién
tich trén cac nguyén ti Pb (6p) va Br (4p) va



trén chudi hitu co CH3NH3 (hinh 3c). Theo két
qua tinh toan 1y thuyét c6 thé khing dinh ring
dinh ph6 hap thy cia mau HOIP quan sat duoc
& budc song khoang < 550 nm 1a do chuyén
vung dién tu tr HOMO 1én LUMO, tuong Ung
v6i d6 rong ving cAm Eg ~ 2.27 eV.
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Hinh 3. Cdu triic ciia (a) 1 6 co s6 ciia
MAPbBBrs; (b) 1 cum cua bat dién [PbBrs] kem
voi CH3NH;, (c-f) LUMO va cac HOMO

Dua trén dic tinh hdp thu quang hoc tuong ddi
manh cta mau tinh thé, chung t6i da tién hanh
khao sat dac trung /-V (hinh 2c,d). Khi c6 anh
sang trang kich thich véi cuong d6 khoang 100
uW chiéu t6i, dap mg dong cta mau tinh thé
HOIP tang 1én nhanh va dat khoang 10.5 nA
khi dién ap gitra hai dién cyc 1a 3 V. Néu xét
dén chiéu day cua hat tinh thé, ciing chinh Ia
khoang céch 2 dién cuc, la 5 pm thi gia tri dién
truong cung cap 1a 600 kV/em. Vi duong
kinh cua tip AFM trong khoang 20 nm thi gia
tri mat d6 dién tich twong ung voi dién truong
600 kV/cm dugc tinh toan 1a 3000 A/cm?. Day
1a mot gié tri cao, cho thay tiém ning Gmg dung
ctia tinh thé HOIP trong quang dién, quang
dién tir kich thudc micro hiéu suét cao.

4. KET LUAN

Trong bai bao nay, ching t6i di ché tao thanh
cong céc hat tinh thé perovskite lai vo co - hitu
co MAPDBr; kich thudéc micro thong qua
phuong phap nhung dé chira PbAc> & nhiét do
phong trong dung dich tién chit MABr trong 1
gio. Hinh thai bé mit chi ra rang cac tinh thé
MAPDBr3; ¢6 dang hinh hdp chit nhat véi kich
thuée < 10 pm. Cac két qua thyc nghiém két
hop 1y thuyét cho thiy ring mau cé ciu triic
pha lap phuong véi chit lugng tinh thé cao va
dinh huéng tinh thé wu tién 14 (n00). Mau véi
d6 rong vung cam 1a E; = 2.27 eV, thé hién dic
tinh hap thy quang hoc twong ddi manh trong
vung anh sang budc song < 550 nm. Cac md
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phong vé cau tric HOMO, LUMO cho mdt cai
nhin téng quan hon vé qua trinh chuyén ving
dién tir xay ra trong vat li€u. Dac biét, mat do
dién tich dap tmg 1én t&i 3000 A/cm? dudi tac
dung dién trudng 600 kV/cm mo ra tiém ning
rat 16n dé st dung loai vat liéu nay trong cac
ung dung quang dién, quang di¢n tir kich thudce
micro hiéu sut cao.
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