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perovskite hon hop ion halogen (Cl, Br, I) va ché tao pin mat troi
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TOM TAT

Vat liéu perovskite CH3NH3Pbls danh dugc nhiéu su quan tam trong nghién ctiu trong nhiing nam
gan day do vat liéu nay c6 d6 hap thu quang cao, néng luong vung cap Iy tudng (E, =1.5eV)va gia
thanh téng hop tuong déi thap. Tuy nhién vat lieu CH3NH3Pbls c6 do bén theo thai gian thap do
sukém bén cla lién két Pb—I. Ngoai ra cau tric CH3NH3Pbl; dang lap phuong dé xay ra qué trinh
chuyén pha. Bai béo trinh bay viéc nghién ctu st dung hai ion halogen c6 d6 am dién 16n [a CI~ va
Br~ dé pha tap vao CH3NH3Pbly nhdm thay thé I, tao ra cac ciu tric perovskite lai halogen. Cac
loai vat liéu perovskite lai Cl—I ¢ cdu tric td perdng va Br—I, CI-Br cé cau truc lap phuong da dugc
xac dinh qua phan tich XRD. 6 rong vung cam cua cac vat liéu perovsklte lai c6 thé diéu chinh
dugc théng qua viéc thay déi ti lé ion CI—, Br~ va I=. D6 bén maéi trusng ctia CH3NH3Pbls_Br, va
CH3NH3Pbly gCly » xac dinh bang phd U\/—Vis trong khoadng 290 gi¢ U trong buéng maéi trudng &
d6 &m 80 % va nhiét dd 40 °C, cho thay thdi gian ban hily cao hon CH3NH3Pbls tir 2 dén 4 lan. Pin
mdt troi perovkite s& dung CH3NH3PbBryl3_, va CH3NH3Pbl; gCly 5 dugc ché tao theo quy trinh
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Tu khoa: pin mat troi perovskite, do bén nhiét, tinh chat quang

MG PAU

Pin mit troi perovskite (PSCs) 1a pin mét trdi thé hé
thit ba, c6 tiém néing thuong mai rat 16n boi hiéu suét
chuyén d8i quang dién cao, chi phi sdn xut thip, dé
ché tao va dé thiét k& Mot nhuogc diém 16n can trd
kha nang thuong mai sain phdm PSCs la 0 bén cta
pin con kha thip. Vat liéu perovskite lai gifia hitu co
va vo co 1a vét liéu hip thu dnh sing Iy tudng bdi tinh
chét quang hoc néi bat nhu: hé s6 hép thu cao, ving
cdm quang hoc truc tiép, phit hgp v6i quang phd dnh
sdng mit tri, ning lugng ndi exciton thip... .
Perovskite, dugc 14y theo tén ctia nha khai khodng
ngudi Nga, lan dau tién khai thac dugcloai quing per-
ovskite tai day Ural, Nga (cach day hon 1 thé ky) va c6
cdu tao tinh thé tuong tu loai quing nay. Perovskite c6
cong thiic dang ABX3, trong d6 A 1a moét cation hiiu
co (CH3NH3 " (MA), CH3CH,NH3+, HC(NH,), ™
(FA)...) hay mét cation v co nhu Cs; B 1a mét cation
héa trj IT c6 ban kinh 16n nhu Pb hay Sn; va X 1a mét
anion halogen (CI~, Br~ hayI™) 1-3,

Vat liéu CH3NH;3PbI; (MAPDI3) la mét perovskite
dién hinh trong ché tao PSCs bdi do hép thu cao trong
ving anh sang kha kién va b hép thu kéo dai t6i 800

nm?. Tuy nhién vat liéu MAPbI3 kém bén do lién
két Pb-I yéu, dé phan huy va dé dang chuyén tit ciu
tric 1ap phuong sang tii phuong tai nhiét dé phong .
Do véy, xu huéng hién nay la tim kiém sy thay thé
m6i cho I™ bang cdc ion halogen khdc. Perovskite
MAPbBr3 ¢6 ving phé hdp thu quang tuong d6i hep
(khoang 520 nm), d§ rong viing cdm 16n (2,35 eV), vi
véy hiéu sudt pin PSCs sti dung MAPbBr3 thap. Tuy
nhién, Br~ c6 do 4m dién 16n hon I~ nén ciu tric
MAPDI; sé bén hon MAPbI3. Br~ thudng dugc su
dung dé€ diéu chinh nang lugng viing cdm cua per-
ovskite lai MAPbI,Br3_,. Mosconi va cong su” dé
xudt rang sy trao d6i Br~ vao cu truc chia I~ da
lam bién d6i cdu trac tinh thé, tit d6 lam thay d6i
ning lugng viing cAm. Ngoai ra, Eperon va cong su®
da thay ddi ti 1¢ Br-I trong perovskite FAPbIyxBrs_,,
ti d6 diéu chinh nang lugng ving cidm thay dai tu
1,48-2,23 eV, mau sic cla mang perovskite cling thay
d6i theo ti 16 tuong ting va hiéu sudt pin dat dugc 1a
14,2 %. Dong thoi khi ting ti 16 Br~ sé 1am ting thé
mach hé va lam gidam mat d6 dong ngan mach. Ngoai
ra, ion Cl~ dugc dua vao ciu tric MAPDI3 dé tao per-
ovskite lai MAPbI,Cl3_, v6i phd hdp thu va ciu truc
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tinh thé gin giong v6i MAPDI; tit phuong v6i ham
lugng CI™ 1a 3—4 %. Su c6 mét cua Cl~ gitp lam tang
d06 dai khuéch tén dién tti—16 tréng, tit d6 kéo dai thoi
gian sOng cua dién ti va perovskite lai Cl~ thuong
dugc sti dung trong c4u triic PSCs phing”.

Céc ion Cl~ va Br~ dugc trao d6i vao MAPbI; véi
mong mudn chuyén d6i cdu tric tit td phuong sang
lap phuong va t6i uu ca vé tinh chit quang 1an d¢ bén.
Thay d6i anion halogen 12 phuong phap hiéu qua nhit
dé€ nghién ctiu ddc tinh quang dién ctia perovskite.

VAT LIEU VA PHUONG PHAP

Hoa chat

Isopropanol, titanium diisopropoxide
bis(acetylacetonate), titan (IV) chloride, 2,2',7,7'-
Tetrakis-(N,N-di-methoxyphenylamino)-9,9’ -
spirobiflorene  (Spiro-MeOTAD), chlorobenzene,
bis(triflouromethane)sulfonimide lithium (Li-TFSI),
4-tert-butylpyridine, Pbl, (99 %) dugc cung cip
bdi cong ty Sigma-Aldrich, My. Methyammonium
iodide (99%), keo in lua TiO, (BL-1) va tdim nhua
nhiét déo (Surlyn) dugc mua ti cong ty Dyesol,
Uc. Gamma-Butylrolactone (99+ %) va bromhydric
acid (33%) ctia Across, Bi; N,N-dimethylformamide
(DMF) (Fisher Scientific, My), methylamine 40 wt
% trong nudc (HIMEDIA, An Do), iodhydric acid
(HI) (57 %, TCI, Nhat Ban), Pb(NO3), (TCI, Nhat
Ban), diethyl ether (99%, RCI Labscan, Thai Lan) va
dimethyl sulfoxide (DMSO) va chlohydric acid (32
%) ctia hang Xilong, Trung Qudc.

Téng hop perovskite

Chudn bi dung dich tién chdat MA;PbBr,
MAPDbI; va MAPDbI,

Dung dich tién chat MAPbBr; MAPbI3 va MAPbCI3
lan lugt dugc chuén bi bing viéc phdi tron: 0,010 mol
CH3NH3Br; 0,010 mol PbBr; trong 10,0 mL dung
mo6i DMF va DMSO (9:1, v:v); 0,010 mol CH3NH;31
va 0,010 mole Pbl, trong 10,0 mL dung méi DMF;
0,010 mol CH3NH3Cl va 0,010 mol PbCl, trong 10,0
mL dung méi DMF va DMSO (3:7, v:v). T4t ca cic
dung dich dugc khudy tii 500 vong/phit trong 2 gis &
nhiét d6 80 °C.

Téng hop vit liéu perovskite

Tong hop vat liéu perovskite bang phuong phép
sdy pha rin & nhiét do tu 70 °C dén 100 °C. D6i
v6i cac perovskite don halogen MAPbBr3, MAPbI3,
va MAPbCl3, cic dung dich tién chit MAPbBr3,
MAPDbI3, va MAPDCI3 dugc nho giot 1én trén miéng
kiéng va lan lugt dugc sdy ¢ nhiét do 100 °C, 70
°C va 90 °C. Téng hgp perovskite hén hgp halogen
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MAPbI;_,Br, va MAPbI;_,Cl,, MAPbCLBrs_, cic
tién chdt MAPbBr3;, MAPDI3, va MAPbCl; dugc phéi
tron véi cac ti 1¢ khac nhau va dugc nho giot 1én trén
miéng kiéng. Sau d6 siy & nhiét d6 100 °C cho t6ng
hQ’p MAPbCler3_X, MAPbI]A’g Cl] 2 va 90 °C cho
téng hop MAPDBr,I3_,.

Phan tich ciu tric pha va tinh chat quang
cuia vat liéu perovskite

Hién vi dién tit quét (SEM) (FLEXSEM1000) va phé
tan xa tia X (EDX) dugc st dung d€ phan tich hinh
thai hoc va thanh phin nguyén té ctia perovskite.
Tinh chit quang dugc khéo sat bang phé hdp thu UV-
vis (Jacos V-670). Gian d6 nhiéu xa tia X ctia mang
perovskite dugc do trén mdy do nhiéu xa tia X PAN
Analytical (CuKa, A = 1,5407 A). Hiéu sudt pin dugc
do trén hé méy J-V Station (Keithley model 2400 dig-
ital source meter, USA).

Panh gia d6 bén cia perovskites

Mang perovskite dugc dong go6i mo phong theo diéu
kién ché tao pin mit troi perovkite va dugc U trong ta
moi trudng & 40 °C, d6 dm 80 %. Do bién thién do
hép thu quang ctia mang perovskite theo thdi gian
dm trong ti moi trudng. Xac dinh phuong trinh dong
hoc phén hay va tinh t6c d6 phan huy ctia perovskite.

Ché tao pin mat trdi perovskite

Mang TiO, 16 x8p trung binh dugc téng hgp trén
nén kinh dan FTO béng phuong phdp pht-quay dung
dich TiO,/EtOH (1: 7, w:w). Mang TiO, dugc nung
tai nhiét o 500 °C trong 30 phut. Pervoskite dugc st
dung déché tao thiét bl la MAPbI 1,5 Bry )55 MAPbIzBI’,
MAPbIzvszr()jS, MAPbIlﬁgCh’z. Mang perovskite
dugc téng hgp bing phuong phép ling dong tién chét
2 giai doan: PbI, dugc hoa tan trong dung méi DMF
va DMSO (9:1, v:v) dugc pht quay 1én nén FTO/TiO5,
toc dd quay 5000 rpm trong 10 gidy, sau d6 sdy tai 70
°C trong 10 phuat. Sau khi sdy, mang tiép tuc dugc
ngam trong dung dich MAX/isopropanol (X = Cl, Br)
trong 1 phut, sau d6 quay & téc do 6000 vong/phut
trong 10 gidy, sdy tai 100 °C trong 20 phut d€ hinh
thanh I6p mang perovskite.

Mang dan 16 tr6ng (HTM) dugc pht lén trén
16p perovskite bang phuong phip pha quay,
dung dich st dung gom 2,2,7,7'-tetrakis (N,N-
di-p-methoxyphenylamine)-9,9’-spirobifluorene
(spiro-OMeTAD) trong dung mdi chlorobenzene
(75 mM Spiro-OMeTAD trong chlorobenzen, 35
mM Li-TFSI, 120 mM 4-tBP) véi t6c do quay
4000 vong/phut trong 30 gidy. Sau khi da phu 16p
spiro-OMeTAD thiét bi dugc dé trong moi trudng
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t6i 12 gi®, sau do dugc phu 1 16p vang bang phuong
phdp bdc bay chan khéng trong 30 phut, d¢ day 16p
vang khoang 100 nm. Dién tich thiét bj 14 6 mm?.
Hiéu sudt chuyén hoéa ning lugng ctia pin dugc do
dudi ngudén sang mat trdi mo6 phong L15 (Peccell,
Nhat) véi thiét bi do dong-thé Keithley 2400 (My),
cudng do chum sing 1000 W/m?, AM 1,5G. Thé bit
dau & -0,05 V va két thac 1,10 V; t6c do quét 0,01
V/giay; dién tich chiéu séng 1 pin 12 0,06 cm?.

KET QUA VA THAO LUAN

Panh gia cau tric cta cac perovskite tong
hop

Perovskite don halogen MAPbBr;, MAPbI;,
va MAPbCI;

Gian d6 XRD ctia perovskite MAPbI3 (Hinh 1) ¢6 céc
mii & vi tri 20 13,9° 14,0° 19,9° 20,0° 23,4° 24,4°
28,1° 28,4° 30,9° 31,8° tuong ting v4i cac mit mang
(002), (110), (112), (200), (211), (202), (004), (213),
déc trung cho cdu tric ti phuong (tetragonal). Gidn
d6 XRD ctia MAPbBr3 véGi cadc mii & vi tri 15°; 21,2°;
30,1°; 33,8°; 43,2°; 45,9° ting v6i cdc mdt mang (100),
(110), (200), (210), (220) va (300), dic trung cu tric
1ap phuong®. Tuong ty, gidn d6 XRD clia MAPbCl3
cho thdy cdc miii & vi tri 260 15,6°; 31,6° va 48° tuong
ung v6i cdc mat mang (100), (200) va (300) ctia cdu
trac 1ap phuong 0. Nhu vay perovskite MAPbI3 va
MAPDHCI; téng hgp dugc bang phuong phip pha rén
¢6 céu truc lap phuong, trong khi MAPDI3 c6 cdu tric
t phuong, tuong ty nhu cac két qua da cong bs >0,
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i l MAPbCI,
= ]
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2
[
- “ (ZQU)[?IUU)
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Hinh 1: Gidn d6 XRD cla perovskite MAPbI3,

MAPbBr3 va MAPbCl3.

Perovskite hén hop halogen
Gian dé XRD ctia MAPbI; gCl; » (Hinh 2) ¢6 cac miii
don & vi tri 14°; 28,3° va 31,7° tuong ung v4i cac mit

mang (110), (220) va (310) déc trung cho cdu truc tu
phuong gia lap phuong ! 12, Cac miii dic trung nhon
v6i cudng do cao va rét it tin hiéu nhiéu nén cho thiy
pha t&t phuong ctia MAPDI gCl; 5 ¢ d6 tinh thé cao.
Perovskite MAPbBr,I3_, c6 cdu tric lap phuong
tuong tu nhu MAPbBr3, dugc phan biét & cic mii doi
tai vi tri gdn 15° va 30°!2, Khi ti 1¢ Br~ ting dén, vi
tri mii Gng véi cdc mit mang (100), (200), (300) dich
dan sang viing goc 20 16n hon. Su dich chuyén nay 1a
do sy giam kich thudc 6 mang co s6 khi ion Br™ cé
ban kinh nhé hon ion I”™ hién dién ngay cang nhiéu
trong cdu truc tinh thé.

Perovskite hén hop halogen Br——ClI~

Déi v6i cic perovskite hén hgp halogen
MAPbBCL,Brs_,, khi ti 1¢ Br~ tang dén, cic muai
ung vGi cidc mdt mang (100), (200), (300) bi dich dan
sang vung goc 260 nho hon, cho théy kich thudc 6
mang co s6 tang do sy hién dién ctia ion Br~ (rp,— >
rcr- ).

Tinh chat quang va chia perovskite

Phé UV-vis cta céc perovskite (Hinh 3A) cho thdy
MAPDCI3 hdp thu énh sdng viing UV, bo hap thu
khoang 420 nm. Trong khi d6 MAPDbBr3 hép thu anh
sang & vung UV-vis v6i bd hdp thu khoang 550 nm.
MAPbI3 hép thu phé anh sing rong véi b hip thu
m& rong dén 800 nm phu hgp lam vat liéu hdp thy danh
sang trong pin mdt troi. Khi phéi tron thém ion Cl -,
perovskite hén hgp Cl-I (MAPbI; gCl; 5) c6 bs hip
thu khoang 800 nm. Ngoai ra d¢ hép thu 4nh sing &
viing anh sdng dé (600 - 800 nm) cia MAPbI; gCl; »
cao hon so v6i MAPDI3. Cho thdy vatliéu c6 kha nang
chuyén héa quang ning cao trong vung dnh sdng do,
tiém ning cho pin mit trdi hiéu suét cao.

bo6i  voi  perovskite hén hop halogen Br-I
(MAPbBryI3_y), khi ting ham Iugng I~ phd
hép thu ctia cic perovskite bi dich sang vung danh
sang do (Hinh 3A), lam ting kha nang hdp thu anh
sang va thu hep nang lugng viing cdm. Trong khi vat
liéu perovskite lai Br—Cl (MAPbCI,Br;_;) khi ting
ham lugng Br~, phd hdp thu cta céc perovskite bi
dich dan sang vung anh sang do, ning lugng viing
cdm thu hep lai (Bang 1).

Viéc trao d8i cac anion khdc nhau vao trong cic ciu
truc perovskite da gép phén tao ra cac cdu tric mdi,
c6 nang lugng viing cdm khac nhau. T d6 c6 thé diéu
khién d¢ rong viing cdm béng cich ting hay giam ti
1¢ anion tao nén cac perovskite lai c6 d¢ rong viung
cédm thich hgp cho cic nghién ctiu ché tao pin mat
troi. Néu ghép cac 16p perovskite v6i muic chuyén
dién tt—16 tréng phut hgp, c6 thé tao ra loai t6 hgp
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Hinh 2: Gidn d6 XRD ctia perovskite hon hgp halogen so sanh véi perovskite don halogen Cl, Br— va I —.
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Hinh 3: Phé UV-vis (A) va d6 thi Tauc (B) clia cac loai perovskite don halogen va hén hgp halogen.

Bang 1: Viing cdm cuia cac perovskite dugc xac dinh tir phuong phap do hap thu quang
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perovskite c6 kha nang hép thu toan sic anh sing,
néang cao hiéu sudt cia pin mat troi. Ngoai ra, con
gip ngin can sy chuyén ngugc dién td va gidm sy tai
két hgp dién tt-16 trong.

Hinh 4A thé hién phé UV-vis cia MAPbI3 thay dai
theo thoi gian phoi mau, dang ph6 UV-vis khong thay
d6i chiing t6 pha perovskite khong thay d6i trong qué
trinh phoi &m. Tuy nhién d¢ hip thu cta perovskite
gidm dén, cho théy vét liéu bi phan hay dan. D6 hép
thu quang (A) tai budc song 700 nm dugc Iya chon dé€
phén tich dong hoc ctia qua trinh phan huy MAPbI3.
Pudng biéu dién Ln 4'/4, tuyén tinh theo thai gian
chiing té6 dong hoc phan huy MAPbI; tuin theo dong
hoc bac 1. Pong hoc phan ctia ctia cac perovskite
dugc phén tich tuong tu nhu MAPbI3, trong d6 do
hép thu quang (A) dugc chon tai budc séng nam trong
viung hép thu quang cta tiing vat liéu. Hing s6 téc
do va thaoi gian ban hiy clia cac vat liéu perovskite
don halogel va hén hgp halogen dugc trinh bay trong
Bang 2. Két qua cho thdy perovskite don halogen Br™
bén hon so véi perovskite don I~ va Cl~. Tuy nhién
MAPbBr3 c6 vung hap thu quang hep nén khong st
dung dugc cho pin mit trdi perovskite. Déi véi per-
ovskite hon hgp halogen Cl-Br sy hién dién ctia Br™
lam tang d6 bén ctia perovskite. Tuong tu perovskite
hén hgp halogen I-Br sy hién ctia Br 1am ting d6 bén
cua perovskite MAPbI3. D9 bén clia perovskite ting
theo ti 1¢ Br~, ddc biét MAPbBry 5I; 5 c6 thdi gian
ban hay cao hon 8000 gi6. Mic du perovskte don
halogen I va Cl khong bén, tuy nhién khi két hgp
chung tao ra perovskite hén hgp I-Cl c6 d bén cao
(MAPbI; gCl; 5 c6 thoi gian ban hiy cao hon 7.500
gio).

Ché tao va danh gia pin mat tr&i perovskite

Céc perovskite c6 do bén cao (thoi gian ban huy
cao hon 2.000 gi6) dugc chon dé€ ché tao pin mit
Hinh 5 bifu dién dudng cong
[-V cua cac pin mdt troi ché tao tii cdc perovskite
MAPbBr(),SIz’S ; MAPbBrIz; MAPbBI‘]A’SILS va
MAPbI; gClj 5. Thong s6 tinh ning ctia pin dugc
trinh bay trong Bang 3. Pin mit tr6i perovskite lai
CI-1 (MAPbI, gCl; ») dat hiéu suit (PCE) cao nhat la
12,39 %, véi cac thong s6 tinh ning Vi, Js 14n lugt
121,01 V va 19,04 mA.cm™~2. D8i véi pin perovskite
lai Br-1, pin c6 tinh nang t6t nhét stt dung perovskite
MAPbBr( 51, 5 v6i cac thong s6 tinh ning lan lugt
PEC = 11,40 %; Jc = 16,43 mA.cm™%; Ve = 1,05 V;
FF = 0,66. Khi ting ti 1é Br hiéu sut pin gidm xudng,

troi perovskite.

do phd hép thu dnh sdng ctia perovskite chuyén dan
vé vung anh sdng xanh lam gidm kha nang hép thu

quang cta pin dan dén PCE gidm. Pin perovskite
MAPDBr; 514 5 chi dat hiéu suét 1,91 %; Jsc = 6,02
mA.cm™%; Vo = 0,75 V; FF = 0,42 mic du vat liéu
perovskite c6 do bén moi trudng cao.

= MAPbI, Cl,,
« MAPbBF, I,
MAPbBI,

MAPbBY, I, ,

)
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o

-
"
oy
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Hinh 5: Dudng dong thé (J-V) clia pin mat trdi per-
ovskite dudi anh séng mé phong AM 1,5 cuong do
1000 w/m?.

Hai pin mdt trdi perovskite c6 hiéu sudt cao la
MAPDI, gCly » va MAPbBr( 515 s dugc khdo sat do
6n dinh tinh ning trong diéu kién khong déng goi,
tiép xtc truc tiép v6i oxygen, dit trong hop t6i. Bang 4
trinh bay su thay d6i hiéu sudt cta pin theo thoi
gian. Cho thdy hiéu suit cta pin gidm theo thoi
gian. PEC ciia MAPbI; gCl; » va MAPbBr( 51, 5 sau
6 ngay giam lan lugt con 65,5 %, 53,9 % so véi PEC
ban dau. Pin perovskite véi MAPbI; gCl; » bén hon
MAPbBr( 51, 5 phtt hgp véi két qua danh gid dong
hoc phén htly ctia perovskite.

KET LUAN

Céc perovskite don halogen MAPDI3 c6 cu tric ti
phuong va MAPbBr3 ,MAPbCI3 c6 cdu tric pha lap
phuong da dugc téng hgp thanh cong. Viéc phéi tron
lan lugt cac cap halogen CI-Br va Cl-I da tao ra cac
perovskite hon hgp halogen c6 cdu tric td phuong va
phdi tron cdp halogen Br-I da tao ra cdc perovskite
cdu trac l4p phuong. Perovskite MAPbI3 c6 d9 bén
moi trudng cao, tuy nhién phd hép thu quang ngin
nén khong thé d4p dung dugc cho ché pin mit troi
perovkite. Tuy nhién viéc phoéi tron Br vé6i I da ting
cuong do bén ctia perovskite v6i thai gian ban huy
cao hon 2.000 gi6. Phéi tron Cl va I tao ta per-
ovskite MAPbI; gCl; > c6 do bén cao véi thoi gian
ban hay trén 5.000 gi¢. Pin madt troi perovskite dya
trén cac loai vatliéu MAPbI; gCl; » va MAPbBrg 515 5
dat hiéu sudt cao 1an lugt 12,4 % va 11,4 %. Vat liéu
perovskite tiém ning nhét d€ ché tao pin mit troi
la MAPbI; gCl; > cho hiéu suit cao va d6 bén moi
trudng tot.
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Hinh 4: a) Ph8 UV-Vis clia perovskite MAPbl; dugc do trong 8 ngay phai mau lién tuc tai 40 °C va dé am 80 %, b)

Pusng déng hoc bac 1.

Bang 2: Théng s ddng hoc phan hiy cta cac perovskite trong diéu kién thit nghiém tai 40 °C va dd 4m 80 %.

MAPbBr3 MAPbHCl;
k (gi5-1).10* 2,5 6,4
ty > (gi0) 3312 1083
MAPbI; MAPbBrg 51> 5
k (gis™").10* 4,0 2,8
ty > (gi0) 1848 2476

MAPbCI, 5Br) 5
6,0

1155
MAPbBIT,

2,0

3327

MAPbCly 75Br2 25
56

1238
MAPbBr 51 5
0.8

8664

MAPbCIBr,
52

1333

MAPDI, gCl; »
1,2

5776

Bang 3: Thong sé tinh néng ctia pin mit troi perovkite do duéi anh sang mé phéng AM 1,5, cudng d6 1000 W/m?

Voc (V) Jsc (mA.cm™2) FF PCE (%)
MAPbI; 5Cl; , 1,01 19,04 0,64 12,29
MAPbBrj 51 5 1,05 16,43 0,66 11,40
MAPbBBrI, 0,89 9,85 0,59 5,16
MAPbBr; 51, 5 0,75 6,02 0,42 1,91
Bang 4: Hiéu suat ctia pin mat trdi perovkite sau 2, 4 va 6 ngay
PCE (%)
0 ngay 2 ngay 4 ngay 6 ngay
MAPbI,; gCl; » 12,39 11,38 8,78 8,24
MAPbBrg 51 5 11,40 10,41 7,59 6,14

DANH MUC CAC TU VIET TAT

FTO: Flourine-Tin-Oxide

PCE: Hiéu sudt chuyén héa ning lugng
SEM: Hién vi dién tt quét

EDX: Phé tan xa nang lugng tia X
XRD: Nhiéu xa tia X

DMEF: N,N-dimethylformamide
DMSO: Dimethyl sulfoxide

Jsc: Mét d6 dong
Voc: Thé mach hé
FF: Hé s6 dién day

XUNG DOT LO1iCH

Nhoém tac gia xin cam doan rang khong c6 bat ky xung

dot lgi ich nao trong cong bo bai bao.
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Synthesis, investigation of the properties and evaluation the
stability of the mix halogen perovskite (Cl, Br, I) and fabrication of
perovskite solar cells

Ho Thi Thanh Nguyen, Tran Minh Hien, Huynh Le Thanh Nguyen’, Le Viet Hai, Nguyen Thai Hoang

ABSTRACT
Perovskite CH3NH3Pbls has been attracted significant attention because of its high absorption coef-
DAL ficient, the ideal band gap energy (E, =1.5eV)and the low cost of synthesis. However, CH3NH3Pbl3
Use your smartphone to scan this had an intrinsic issue regarding the long-term stability due to the unstable bond of Pb—I. In addition,
QR code and download this article the CH3NH3Pbls cubic structure had easily been occurred in the phase transition. The chloride or
bromide ion, a high electronegativity, was used to exchange for I~ in CH3NH3Pbls to create the
mixed halide perovskites, CHzNHzPblz_Br, (x = 0.5-1.5) and CH3NH3Pbl; gClj ». The structure of
materials was identified by XRD. The stability of CH3NH3Pbls_,Br, or CH3NH3Pbls_,Cl, was inves-
tigated during 290 hours in an environmental chamber (80 % humidity, 40 °C). The band gap of
perovskites could be tunned by controlling the CI—, Br~ or |~ ratio. The result revealed that the
half-life of CH3NH3Pbls_,Br, and CHsNH3Pbl;_.Cl, were higher from 2 to 4 times than that of
CH3NH3Pbls. Perovskite solar cells based-on CH3NH3Pbl, 5Brg 5 and CH3NH3Pbl; gCly » were fabri-
cated by using spin-dip coating 2 steps process possessing the maximum efficiency of 11.4 % (s, =
0.99 mA.cm~2,V,e =1.05V)and 12.3% (Jye = 1.14 mAcm =2, V,. =1.01V) under AM 1.5 simulated
sunlight of 1,000 W.m~2 light intensity.
Key words: Perovskite solar cell, thermal stability, optical properties
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