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Sn-based perovskite Cs2SnXs (X = Cl, Br, and ) are non-toxic materials with a
unique structure and wide energy bandgap (1.6-3.9 eV) caused by halide
anions. We have successfully synthesized Cs2SnCle crystals and confirmed their
underlying perovskite crystal structure. They show a cubic crystal structure,

possessing a truncated octahedral morphology with an average crystalline

Keywords:

Sn-based perovskite;
hydrothermal method;
Raman Spectrum;

photonuminescence.

grain size of around 0.5 pm. Experimental Micro-Raman scattering reveals
three main peaks at v (A'9) = 306 cm™, V(Eg) = 229 cm™ and &(F2g) = 164 cm™",
The Cs2SnCls crystals offer intriguing opportunities for their application in
photonic, bioimaging, and chemical sensors.

Introduction

Céc vat liéu perovskite c6 cdu tric AMXs (vi du:
CsPbXs, CH3NH3PbI3) d& thu hdt su quan tam I6n tu
cdéng dong nghién clu do hiéu suét quang dién &n
tugng cla ching, dat dugc hiéu sudt chuyén déi dién
nang vugt quéd 20% [1). Tuy nhién, cac cau tric
Perovskite hitu cg thudng khong bén dudi tac do cla
do &m, dan dén su suy gidam hiéu sudt chuyén déi
quang dién. Ngoai ra, nhiing lo ngai vé tac dong maoi
trudng clia cla cac thiét bj quang dién dua trén nén
perovskite chifa chi (Pb) d& dan dén viéc tim kiém cac
vat liéu perovskite khong doc hai, lanh tinh va én dinh
va&i moi trudng.

Perovskite chifa thiéc (Sn) dugc xem nhu mot Ung clr
vién tiém nang. Thiéc (Sn) s& hitu cdu tric I&p vé
electron bén ngoai tucng ty nhu Pb, nhung ban kinh
ion nhd hon (~ 1,35 A) so vdi Pb (~ 1,49 A). Viéc thay
thé Pb bang Sn cé thé khong lam thay déi dang ké cdu
trdc mang tinh thé. C4u hinh electron ns2 bén ngoai,
vdi nang lugng ion hoda thép, rét hitu ich trong viéc cai
thién dé hap thu quang hoc I6n, nang lugng lién két
exciton thap (~ 18 meV), dé linh déng dién tich cao (~
10°=10° cm?eV ~1eS7Y va khodng cach ving cdm hep (~
1,3-14¢eV) 2 3]

Tinh thé nano cha Sn (CsSnls) d& dugc téng hap

thanh céng va dugc st dung lam vat liéu van chuyén
16 tréng trong pin mat trai. Cac 6ng nano CsSnXs cling
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d& dugc téng hop thanh cdng bang phucong phép hoa
V@i k§ thuat bom néng st dung trioctylphosphine
(TOP) [4, 5]. Tuy nhién, cac vat liéu nay van thé hién su
6n dinh thdp va su chuyén pha do cac ion Sn cb hoa
tri hai. Cac nha khoa hoc hi vong rang viéc st dung
Sn** thay vi Sn°* co thé gidi quyét dudc bai toan én
dinh, vi cac ion Sn** chlfa trang thai oxy hoa cao va én
dinh han Sn?*. C4c tinh thé nano Cs2SnXs (X = Cl, Br va
l) gidi quyét ducc van dé én dinh, chi phi thap, it doc
hai va than thién v&i mdi truong, thuan Igi cho céc
thiét bi quang dién t [5].

Trong bai bao nay, chidng téi trinh bay cac két qua ché
tao tinh thé nano Cs2SnCls bang k§ thudt thay nhiét.
Cac két qua phan tich XRD va SEM da chi ra rang tinh
thé Cs2SnCls dé dang hinh thanh va phét trién trong
diéu kién thi nghiém. Anh SEM da cho thay hinh thai
bat dién cla cac tinh thé Cs2SnCle, v&i dusng kinh
trung binh khoang 0.5 um. Cac két qua khao sat dac
trung Raman clia mau Cs2SnCls pht hop vai cac mode
dao dong Aug, Eg va Fog tuong vdéi cac phonon quang
(TO) va (LO) trong mau khdi. Ngoai ra, ching toi da
nghién ctu tinh chét phat quang (PL) cla tinh thé
Cs2SnCle. Ching thé hién mét dai phét xa rong vdi dat
cyc dai & 450 nm.

Experimental

Céc nguyén liéu dau s dung cho cong nghé ché tao
bao gém: Cesium Carbonate (Aldrich, > 99.9 %); Tin(ll)
chloride (Aldrich, > 99.99%); Tin (I) iodide (Aldrich, >
99.99%); Tin (I) bromide (Aldrich, 99%); Ethanol,
(Aldrich, 99.8%); thioaxetamit CH3CSNH2 (TAA), chat
hoat dong bé mat CTAB-CigH42BrN, axit HBr, HI va HCl.
Méau Cs2SnCls dugc téng hap bang phuang phap thuy
nhiét theo cac budc nhu sau: Hoa tan Cs2COs3 (4.0 g
Cs2C03) trong trong 24 mL H>O cét, siéu am 10 phut.
Hoa tan dung dich SnCls (2,1 g SnCl4=5H20) trong 12
mL etanol va khudy trong 30 phdt. Nhé giot dung dich
tU dung dich dung dich SnCls vao dung dich Cs2CO3
trong khi khudy, siéu am 10 phut. Thay nhiét hdn hop
dung dich cudi trong autoclave & 1100C trong 24 gic.
Sau phan Ung dé ngudi vé nhiét do phong. Rua két tla
thu dugc bang nudc cat hai lan két hop ly tam 3 lan,
rifa vai etanol két hap ly tam 2 1an, sdy mau & 60 °C
trong 8 gid. San pham thu dugc cudi cung la cac bot
Cs2SnCle ¢ mau trang. Sau khi ché tao, mau CsSnCls
mau trang dugc khao sat cau tric tinh thé st dung kj
thuat nhiéu xa tia X mau bét trén hé thiét bi Siemens
D5000, hinh théi hoc bang kinh hién vi dién tir trén
thiét bi FE-SEM S4800. Phé hap thu cla mau dugc do
trén thiét bi Shimadzu UV-2600. Cac khao sat dac

trung raman dugc phan tich trén hé Micro Raman
(XploRA- Horiba) si dung 2 laze kich thich la 532 nm
va 785 nm, dé phan giai cia hé dola 2 cm™.

Results and discussion

K&t qua phan tich nhiéu xa tia X cla mau bét Cs2SnCle
dugc trinh bay trén hinh 1. Sy xuét hién cla cac dinh
nhiu xa chinh tuong Ung vdi cac mat tinh thé (111),
(220), (311, (222), (400), (331), (422), (511), va (440) cua
pha lap phuong véi nhém khong gian Fm3m cla cau
trdc tinh thé Cs2SnCls (S thé JCPDS s6 07-0197) [6, 7].
Trong gidi han phéat hién clia phuong phap nhiéu xa
tia X, khong co su xudt hién cla cac dinh thudc pha
tinh thé khac. Biéu nay khang dinh rang cac mau téng
hop dugc déu don pha tinh thé véi cdu tric tinh thé
lap phuong Fm3m. Hang s& mang cla céu truc cling
dugc xac dinh, a = 7,545 + 0,005 A.
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Hinh 1: Gidn do nhiéu xa tia X clia mau Cs2SnCls.

Hinh thai hoc, kich thuéc cla cac hat tinh thé
perovskite kép Cs2SnCls dugc khdo sat thong qua anh
SEM va dudgc trinh bay trén hinh 2(a). Cac két qua da
chi ra rang phan bé kich thuéc hat kha déng nhét, bién
hat rd rang vdi hinh thai bat dién va kich thudc clia cac
hat nam trong khoang 0.5 pm.

Hon nita, dé€ danh gid mét cach rd rang vé su tham gia
clia cac cac nguyén té trong cau tric perovskite kép
Cs2SnCls, phé tan sac nang lugng EDS clia mau cling
dugc khdo sat va dudc thé hién trén hinh 2(b). Céac két
qua cho thay chi ¢ su hién dién cla cac vach bic xa
dac trung clia cac nguyén t6 hda hoc thudc cau tric
tinh thé Cs2SnCls, khéng xuét hién vach buc xa cla cac
nguyén t& khac.

https://doi.org/10.51316/jca.2021.101
109


https://doi.org/10.51316/jca.2021.101

Vietnam Journal of Catalysis and Adsorption, 10 — special issue 1 (2021) 108-111

Atomic%

67.65
12.80
19.55

o 1 2 3 4 5 & 7 8 8 10 M kv

Hinh 2: Anh FESEM (a) va Ph8 EDS (b) clia mau
Cs2SnCle.

Ph& Raman la moét cong cu manh mé dé tham do cac
vat liéu vo co. Cac nghién cliiu phé Raman da dugc
thuc hién dé€ xac nhan thém cau tric cac mau. Cac
mode dao dong dac trung cla hé perovskite kép
Cs25nCle (X = Cl, Br, 1) dugc minh hoa theo biéu thic
sau [8]:

Ag + Eg + Fig + 2F29 + 4F + Fau

Trong do6, A, Eg Fig va F2q dugc dac trung bdi cac
mode dao déng Raman. Ba trong s& cac mode dao
déng nay lién quan dén dao déng bén trong khdi bat
dién SnXe, cu thé la v(Ay) la cang gidn déi xing Sn-X,
v (Eg) la dao déng kéo gidn Sn-X khdng déi xiing (Suy
bién bac hai) va &(Fzg) dac trung bdi bién dang udn
cong khéng daéi xiing X-Sn-X (suy bién bac ba). Mode
dao déng suy bién bac ba vL(Fz) cling dugc cho rang
lien quan dén dao déng clia cac nguyén tir Cs trong
mang tinh thé [SnXe] [9-11].

PhS& Raman & nhiét d& phong clia cac mau dugc ghi
trong khodng tir 150 cm™ dén 1000 cm™, vdi budc séng
kich thich 532 nm tai nhiét d6 phong. Céac két qua
Raman thu dugc thé hién trong hinh 3. Cs;SnCls thé
hién bén dinh Raman phu hgp véi cac dy doan ly
thuyét (Hinh 3). Xem xét cac nghién cltu Raman trong
mot s6 hé théng dang cdu chira cac anion [SnXe)* vdi
déi xiing nhém diém Oh, ching téi gia thiét rang cac
dinh v (Aig) = 306 cm™, V(Eg) = 229 cm va 8(F20) = 164
cm™ dinh tan xa Raman manh nhét tuong Ung vdi

mode dao déng quang V(Aig). Dai tan sé thdp vao
khodng 51 cm-1 la do dao déng vi(Fag) lién quan dén
chuyén déng tinh tién clia cac nguyén tr Cs, dinh phd
nay khong xac dinh dudc bang thuc nghiém do gidi
han do cta hé Micro Raman (XploRA- Horiba).
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Hinh 3: Phé Raman ctia mau Cs2SnCle.

Do quang phS Raman la mét cong cu hiéu qua dé mé
td cdu trdc, cac tin hiéu quan sat dugc (Hinh 3) xac
dinh r& rang pha tinh thé 18p phuong cla cac cau tric
Cs2SnCls; khong cod déu vét tap chét nao dugc phat
hién.
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Hinh 4: Phé phat xa huynh quang va kich thich huynh
quang cla perovskite kép Cs2SnCle.

Hinh 4 trinh bay phé phéat xa (PL) huynh quang cua
mau Cs2SnCls dudi budc song kich thich 350nm; phd
kich thich huynh quang (PLE) cling dugc béo cao. Phé
PL cla tinh thé Cs2SnCls ¢ dai phat xa rong dat cuc
dai & 448 nm vd&i dé ban réng phd (FWHM) vao
khoang 66 nm. Phé kich thich huynh quang cho gia tri
dinh cuc dai tai 338 nm, cho biét dé réng vung cam
https://doi.org/10.51316/jca.2021.101
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vao khoang 3.6 eV. So sanh véi phé phat xa huynh
quang cho théy su dich chuyén Stokes Ién khodng 110
nm. Bay la mét bandgap ly tudng va dd dich stockes
cho viéc iing dung cac thiét bi quang dién tu.

Conclusion

Cau truc perovskite kép Cs2SnCls 1a vat liéu khong déc,
c6 nang lugng viing cdm khoang 3.6eV, da dudc t8ng
hop thanh cong bang phucng phap thly nhiét don
gian. Cac nghién ctu nhiéu xa tia X cho thay cac mau
hoan toan don pha tinh thé. Két qué nghién clu phd
Raman clia mau thu dugc cling cho thdy mot s mode
dao déng dac trung clia Cs2SnCle. V&i két qué nghién
clu budc dau vé céac cau tric Cs2SnCls nay sé la tién dé
dé ching tdi tiép tuc phat trién y tudng nghién clu
tiép theo nham Ung dung chidng trong cac inh vuc
quang dién tu.
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