Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu' nhién, 6(2):2004-2014

Open Access Full Text Article

Héa hoc - Cong nghé Hoa hoc / Bai nghién ciiu
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TOM TAT

Pin mat trai dua trén mang vat liéu perovskite co kim chi halogenua dang dugc danh gid la co tiém
nang dua vao Uing dung thuc té trong thai gian khong xa. Chat lugng clia mang vat liéu perovskite
dong vai trd quan trong anh hudng dén hiéu sudt quang dién clia pin mat trdi perovskite. St dung
chat phu gia trong qua trinh t&ng hop mang perovskite [a mét trong nhimg hudng dé cai thién
chat lugng ctia mang. Nghién ctiu nay trinh bay viéc s& dung hgp chat amino quinone luéng cuc
Vi ndng do thay déi tir 0 dén 2,0 mg.L~! thém vao dung dich tién chat Pbl, dé ché tao mang
perovskite CH3NH3Pbl3 nham ting dung vao pin mat troi. Cac mang perovskite CH3NH3Pbls tao
thanh dugc phan tich danh gia bang phuong phap nhiéu xa tia X (XRD), quang phé hap thu UV/Vis
va kinh hién vi dién t&r quét (SEM). Tinh chat quang dién clia pin mat trdi perovskite dugc danh gia
bang phuong phéap do dusng déc trung dong-thé (J-V). Két qua cho thay viéc st dung chét phu
gia amino quinone ludng cuc da gilp tang hiéu quéa cla qué trinh t8ng hop mang perovskite va
lam tang d6 déng déu clia mang tao thanh vdi it 16 x6p hon, dan dén viéc cai thién dang ké gia
tri thé mach h& ctia pin mat trgi. Hiéu sudt chuyén ddi quang dién clia pin mat trdi dugc ché tao
b&ng mang perovskite st dung phu gia amino quinone ludng cuc véi néng d6 0,5 mg.L~! duoc
tang 1én 2% so vai pin khéng st dung chét phu gia.

'Khoa Héa hoc, Trudng Dai hoc Khoa
hoc Ty nhién, Viét Nam

’Dai hoc Quéc gia Thanh phé H6 Chi
Minh, Viét Nam

Lién hé

Nguyén Tuyét Phuong, Khoa Hoa hoc,
Trudng Pai hoc Khoa hoc Ty nhién, Viét Nam

Dai hoc Quéc gia Thanh phé HE Chi Minh,
Viét Nam

Email: ntphuong@hcmus.edu.vn
Lich su

e Ngay nhén: 7-11-2021

o Ngay chép nhan: 18-3-2022
© Ngay dang: 20-5-2022

DOI :10.32508/stdjns.v6i2.1145

‘ '.) Check for updates

Ban quyén

© DHQG Tp.HCM. Dy la bai bdo cong bé
ma& dugc phat hanh theo cac diéu khoan cla
the Creative Commons Attribution 4.0

‘\\=

<—

VNUHC/V\ PRESS
25 years of scholerly publishing

wrar

International license.

|

Tu khoa: Pin mat troi perovskite, perovskite co kim, amino quinone luéng cuc, bé mdt vat liéu

MG PAU

Vit liéu lai st dung cdu tric perovskite thu hit nhiéu
su chu y tii cac nha nghién ctiu trong nhiing ndm gan
day bdi vi cac tinh chit vugt trdi va hiéu sudt chuyén
héa ning lugng uu viét ctia no. Vat liéu lai perovskite
d4u tién dya trén cdu truc CH3NH3PbBr; dugc bao
c4o bdi Miyasaka va cong sy' véi gia tri hiéu sudt
la 2,2%. Vao nam 2009, ho da dat dugc hiéu suit
3,8% khi sti dung iodine (I) thay cho bromine (Br)!.
Sau d6, nhiéu nghién cttu da thuc hién nham néing
cao hiéu suft cta vat liéu lai perovskite halogen chi
CH3;NH;3PbX;3 (véi X 1a halogen)>. Trong s6 do,
nhém nghién ctiu clia Gratzel” da dat két qua dang
chu ¥ v6i pin rdn di thé stt dung CH3NH3Pbl;z véi
hiéu sudt 9,7%. Gan déay vao 2019, hiéu sudt cta pin
mit trdi perovskite (PSC) da dat dén 25,2 %, vala hiéu
sudt cao nhit dugc ghi nhan dén nay®.

Cac nghién ctiu da chi ra ring chit lugng mang per-
ovskite dugc ddnh gia tot khi (i) hiéu suit phin tng
tao thanh perovskite cao (> 90%), (ii) d6 tinh thé hoa
ctia vat liéu cao, (iif) hinh thai bé mat mang dong
déu, khong c6 16 x6p 512, Qud trinh phan tng tao
perovskite rat nhanh, xay ra chi trong vai phut, nén

khong dé dang kiém sodt dugc. Céc nghién ctu cho
thdy mang sin phdm tao thanh thudng khong thu
dugc san phdm perovskite hoan toan, ma ludén con
mot ty 1é tién chat Pbl,. Vao ndm 2015, Fu va cdng
su'? cho ring trong phin ting tao perovskite c6 xay
ra qua trinh hoa tan-tai két tinh perovskite, lam anh
huéng dén hiéu sudt ctia pin. Ngay sau d6, Lou'*
da chiing minh chinh x4c sy anh hudng cta hinh
thdi perovskite 1én hiéu suét ctia pin thong qua viéc
tim hiéu déc tinh dudng dic trung dong-thé cta pin
PSCs. Chi tiét hon, Hsieh !> da gidi thich cic co ché
dé nghi trén bang thuc nghiém, tit d6 cung cdp thém
cdc bang chiing x4c thyc vé méi tuong quan gitia thoi
gian phan tng v6i d6 tinh thé héa ciing nhu hinh thai
ctia perovskite tao thanh, ddng thoi nghién ctu ciing
cho thdy anh hudng ctia co ché hoa tan-tai két tinh
perovskite 1én hiéu suit quang dién ctia pin. Vi thé,
viéc kiém sodt hinh thai va hiéu suit chuyén hoa per-
ovskite trudc tién da dugc cac nhdm nghién ctiu tap
trung phat trién phuong phdp va tdi uu cic yéu to
trong ky thuat ché tao mang perovskite '°.

Bén canh viéc phat trién phuong phép ky thuét ché tao
mang, mot vai nghién ctiu da cho thdy tinh hiéu qua
khi cai thién chdt lugng mang perovskite bing cach

Trich dan bai bao nay: Tung N T, Anh L D, Tan N M, L& N T, Phuong N T. Cai thién chat lugng mang vat
liéu lai hitu co-vé co perovskite chi halogen bang hop chit amino quinone luéng cuc nham ting
hiéu nang hoat déng ctia pin mat tr&i perovskite. Sci. Tech. Dev. J. - Nat. Sci.; 6(2):2004-2014.
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thém chét phu gia vao dung dich tién chét Pbl,. Chit
phu gia dugc st dung c6 thé 1a cation nhu Rb* 7,
Cs™ !3; hoic muéi v6 co nhu Nal, CuBr, Cul, Agl'’;
hodc cac hgp chit hitu ca?0-2%,
sti dung hgp chét hitu co butylphosphonic acid 4-
ammonium chloride d€ lam tang d¢ lién két gitia cac

Li va cong sy?’ da

hat perovskite tao thanh va gidm 16 x8p trén mang vat
liéu. Zhu?! da st dung 1,3,5-triazine-2,4,6-triamine
(melamine) cai thién dugc chdt lugng va do bén cua
mang perovskite. Liu%? da cong b6 két qua sti dung
chit phu gia 4-tert-butylpyridine, viia taing d6 dong
déu viia ting do bén clia mang tao thanh, tu d6 da
cdi thién dang k& hiéu sudt va do bén hoat dong lau
dai ctia pin mit trdi perovskite. D. Xin?® st dung
hgp chat 2-amino-5-cyanopyridine lam phu gia khi
cho vao dung dich tién chét dé tao perovskite va thu
dugc két qua tot khi gidm dugc cac khuyét tat trén
mang perovskite va cai thién dugc hiéu suit pin tit 16
1én 18 %. Céc hop chat hitu co cho thdy tinh hiéu qua
khi ¢6 cdu trac N dugc gin trén vong C, c6 thé c6
thém nhom chitic amino. Trén co s6 d6, cung véi cac
hiéu biét vé hgp chit amino quinone ludng cuc dugc
nghién ctiu 4p dung trong linh vyc pin mat troi chét
mau nhay quang, pin sac lithium, day c6 thé 1a mét
hgp chét tét d€ lam chét phu gia cai thién chit lugng
mang vat liéu perovskite, tit d6 ting hiéu nang hoat
dong ctia pin mit trdi loai nay.

Bai bdo nay trinh bay viéc diéu ché hgp chit 4,6-
diamino-3-oxocyclohexa-1,4-dien-1-olate  (amino
quinone ludng cuc) tng dung lam chit phu gia tao
mang perovskite co kim CH3NH;3PbI;3 trong pin mét
troi. Hop chét amino quinone ludng cuc dugc pha
vao dung dich tién chit Pbl, v6i nong do khac nhau,
dugc st dung d€ diéu ché mang perovskite. Mang
vat liéu tao thanh dugc phén tich bing cic phuong
phap nhiéu xa tia X (XRD), phS hdp thu UV/ Vis,
kinh hién vi dién tt quét (SEM) dé 1an lugt danh gia
hiéu suét phén ting tao thanh perovskite, cdu truc, do
tinh thé héa va hinh thdi bé mit mang vat liéu. Sau
d6, mang perovskite dugc st dung d€ ché tao pin mit
troi; hiéu nang hoat dong ctia pin dugc danh gia bing
phuong phap do duong dac trung dong-thé (J-V).
Céc két qua ché tao mang va pin perovskite khong
6 va co st dung chit phu gia amino quinone ludng
cyc ¢ noéng do khéc nhau dugc so sanh v6i nhau dé
danh gid hiéu qué ctia viéc st dung chét phu gia anh
hudng dén chit lugng mang perovskite va hiéu nang
hoat dong ctia pin mdt troi.

VAT LIEU VA PHUONG PHAP

Téng hop va phan tich danh gia hop chat
amino quinone luéng cuc

Hop chét amino quinone ludng cuc dugc téng hgp
theo quy trinh va phuong trinh phan ting dugc trinh

2005

bay trong Hinh 1 da dugc cong b6 boi Braustein va
cong sy 24,

Cho khodng 500 mg 4,6-diaminoresorcinol dihy-
drochloride (Merck, Dtic) vao 10 mL nudc cat, r6i hdn
hgp dugc khudy déu trong 30 phut d€ hoa tan hoan
toan hgp chat nén vao trong dung moéi. Dung dich
van dugc khudy déu cho dén khi tinh thé tim xuét
hién, tiép tuc khudy trong 90 phut. Sau khi két thuic
qua trinh khudy, san phdm dugcloc rita bing nuéc cit
lanh va sdy kho trong khong khi, thu dugc hop chit
amino quinone ludng cuc.

Sén phim dugc phan tich d€ dédnh gia cdu tric bing
phuong phdp phé hong ngoai FTIR béing thiét bi
JASCO FTIR 6600 véi s6 séng tli 500-4000 cm ™.
Khéi phd MS dugce phén tich bang thiét bi phan tich
khoi phé do phén gidi cao LTQ Velos Orbitrap. Phé
cong hudng tit hat nhan 'H NMR dugc phén tich
béng thiét bi cong hudng tit hat nhan Varian Mercury
400 v6i tdn s6 may 400 MHz trong dung m6i DMSO-
de.

Ché tao va danh gia hoat déng pin mat
trdi perovskite véi dung dich tién chat Pbl,
thém phu gia amino quinone luéng cuc
Hoa tan 0,2 mg hgp chit amino quinone ludng cuc
vao 10 mL dung mdi dimethylformamide (DMF), thu
dugc dung dich A.

Chudn bi 200 mL dung dich PbI, chuén 1,5 M v6i hén
hgp dung méi DMF va DMSO véi ty 1é 9:1. Hop chit
Pbl, tinh khiét va cic dung moéi dugc cung cip béi
Sigma Aldrich.

Dung dich tién chét Pbl, 14n lugt dugc thém vao dung
dich A véi céc thé tich khdc nhau, tuong tng véi
ndng do chit phu gia amino quinone la 0; 0,5; 1,05 2,0
mg.L~!. Cic miu mang vit liéu va pin tao thanh &
nhiing diéu kién nong d6 quinone khac nhau lan lugt
dugc ky hiéu la Q-0; Q-0.5; Q-1.0; Q-2.0.

Kinh fluorine-doped tin oxide (FTO) (2,2 mm; 8€2/sq;
Pilkington, USA) dugc rtta sach véi l4n lugt véi dung
dich tdy rtta, nuGe cit khi ion (DI), ethanol va ace-
tone, va lam kho véi may sdy. Dién cuc FTO/c-
TiO,/meso-TiO, dugc ché tao theo quy trinh mo ta
chi tiét trong cong b6 trude day'®. Mang perovskite
dugc ché tao trén dién cyc FTO (1,5 x 1,5 cm) phu
TiO; bing phuong phap pht quay véi hai budc trong
dung dich. PAau tién, pha quay mang Pbl, véi cic
noéng do phu gia khac nhau. Mang Pbl, uét dugc
gia nhiét & 70 °C trong 10 phut trudc khi ngdm ca dé
vao trong dung dich methylammonium iodide (MAI)
trong isopropanol (9,5 mg/mL) d€ chuyén héa thanh
mang perovskite MAPbI3, theo sau la phti quay dé1am
kho dung moi trén bé mit. Tiép theo, mang dugc gia
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Hinh 1: Phuong trinh phan tng diéu ché hgp chat amino quinone ludng cuc

nhiét ¢ 120 °C trong 20 phut dé€ tao mang tinh thé per-
ovskite c6 mau den. Sau d6, 16p vat liéu dan 16 tréng
va dién cuc cathode 14n lugt dugc phu 1én d€ tao pin
perovskite hoan chinh theo quy trinh nhu da mo ta '°.
Mai pin don c6 dién tich 0,1 cm?. Véi méi diéu kién
thi nghiém véi ham lugng quinone khéac nhau, 6 pin
cho ché tao.

Pin perovskite dugc ddnh gia hiéu ning hoat dong
bang phuong phip do dudng cong dong-thé véi hé
gid lap anh sang mat trdi Keithley 2400 dudi nguon
sang AM 1.5G va cuong do & 100 mW.cm 2 (Pec-
cel Technologies, PEC-L15), trong d6 buéc quét dugc
thiét 1ap & 10 mV va d¢ tré khoang 50 ms.

Ngoai ra, cac mang tién chat Pbl, cé va khong cé
phu gia amino quinone cling v6i cic mang perovskite
dugc ché tao tit nhiing diéu kién nay cing da dugc
phan tich bing phuong phap phd hip thu UV/Vis,
XRD, SEM. Ph§ UV/Vis dugc do trén thiét bi quang
phé hip thu UV/Vis HP-8453 véi budc séng quét
200-1100 nm. Kinh hién vi dién ti quét (FE-SEM)
st dung d€ phén tich hinh thai cia mang perovskite
dugc van hanh véi van téc thé ¢ 5 kV (SU-8010, Hi-
tachi, Japan). XRD ctia cdc mau dugc chup bdi may
do nhiéu xa D2 Bruker, van hanh tai 40 kV va 150 mA
va dugc trang bi nguén phong xa CuKy | (A =1,5406
nm A).

KET QUA VA THAO LUAN

Phan tich danh gia hgp chat amino
giuinone luéng cuc

Hinh 2, trinh bay phd FTIR ctia hgp chit amino
quinone, cho thdy cac mai hdp thu & 3274, 3014, 1660,
1467-1400 va 1101 cm !, ldn lugt duoc x4c dinh la
cac dao dong ctia lién két N—H ctia nhém amine, C-H
cua dien, C=0O cua ketone lién hgp, C=C va C-N.
Phé MS (Hinh 3) cho thdy mii ion phan tu gia véim/z
139,05 [M-H] ", gitp xac dinh dugc phan ti lugng
ctia hgp chit tdng hgp dugcla 138 g/mol. Két qua nay
cho thdy cong thtic phén tt ctia san phdm thu dugc la
CgHgO, Ny, Véi su phan manh m/z = 139,05 thanh
manh m/z 111,06, gidm 28 don vi tng véi lai manh
CO, cho thdy trong hgp chit c6 nhém chiic C=0.

Két qua phan tich phd proton NMR dugc trinh bay
trong Bang 1.

Két qué cac phd FTIR, MS va ' H-NMR gitip cho thdy
san phim téng hgp dugc 1a hgp chit amino quinone
ludng cuc, v6i tén goi 4,6-diamino-3-oxocyclohexa-
1,4-dien-1-olate va cong thiic hoa hoc dugc trinh bay
trong Hinh 4a. Két qua nay tuong dong véi cong bd
clia Braustein>*, ngudi da tim ra phuong phép téng
hgp hiéu qua cac hgp chit amino quinone ludng cuc.
Phé FTIR cho mii hdp thu cta lién két C=0 cua ke-
tone v6i cudng do tin hiéu yéu, cho thiy su cong
hudng da lam thay d6i ban chit ctia lién két C=0, lam
cho lién két chi con mang phén nao tinh chat ctia néi
doi, dan t6i sy sai léch tin hiéu so v6i thong thuib’nng.
Hiéu ting cdng hudng trong hgp chat dugc trinh bay
trong Hinh 4b.

Phan tich danh gia mang tién chat Pbl, va
mang san pham perovskite trong cac diéu
kién c6 va khéng cé6 chat phu gia

Su hinh thanh ctia 16p perovskite trong qua trinh ché
tao c6 thé dugc nhén ra bing viéc thay d6i mau sic cta
mang Pbl, ti vang sang niu, cudi cling 1a niu sdm va
den. Hinh 5 trinh bay phg hip thu UV/Vis cia mang
PbI, va mang perovskite tao thanh khi stt dung chit
phu gia amino quinone & cic néng do khac nhau. Béi
v6i mang tién chat Pbly, vi tri dinh hép thu cta Pbl,
khi ¢6 mit chét phu gia cling khong bi dich chuyén
$0 v6i mau Pbl, chudn, tuy nhién cudng d6 dinh hép
thu ¢6 tang khi sti dung chat phu gia, lam cho bo hdp
thu dich chuyén nhe vé phia budc song dai hon. Két
qua ciing dugc quan sat tuong tu v6i mang san phim
perovskite. Su c6 mét ctia chit phu gia amino quinone
ludng cuc khong lam thay d6i dinh hép thu ctia mang
vat liéu MAPbI3, ma con lam ting nhe cudng d6 hép
thu 4nh sang cia mang trong viing kha kién.

Hinh 6 biéu dién gian d6 XRD ctia cdc mang vat liéu
perovskite MAPbI3 dugc tao thanh khi st dung chét
phu gia v6i cac néng do khic nhau, khi so sanh véi
mau khéng thém chat phu gia. Gidn d6 XRD ctia cac
miu MAPbI;3 c6 nhiéu nén th4p, dudng nén phing,
céc tin hiéu c6 cudng dd cao, hinh dang tin hiéu nhon,
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Hinh 2: Phé héng ngoai clia hgp chit amino quinone luéng cuc téng hop dugc
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Hinh 3: Phé MS clia hgp chat amino quinone ludng cuc t8ng hgp dugc khi phan tich & diéu kién &p muc nang
lugng thap (A), & miic nang lugng cao (B)

Bang 1: Dif liéu phé 'H-NMR ctia san pham amino quinone ludng cuc

Do dich chuyén hoa hoc (ppm) Tich phan Tin hiéu
4,90 1H --C---C-H
5,60 1H 0O.---C.--C-H
8,49 1H N-H

9,12 1H N-H
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Hinh 4: (a) Céng thic héa hoc va mé ta hiéu ting cong hudng (b) clia sdn phdm amino quinone ludng cuc téng
hgp duoc
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Hinh 5: Phé UV/Vis clia (a) mang Pbl, va (b) mang perovskite cé st dung chat phu gia amino quinone ludng cuc
& nhiing ndng d6 khac nhau

Bang 2: Théng s6 mang tinh thé MAPbI; dugc tinh bing phan mém HighScore plus, kich thuéc tinh thé va hiéu
sudt chuyén héa ctia mang Pbl, thanh perovskite & cac diéu kién néng dd6 amino quinone khac nhau

a=b=c a=B=y DM Tj 1¢ dién tich mai XRD clia MAPbI; va
A () (nm) PbL ) (%)

Q-0 6,2716 90 60,8394 89,26

Q-0.5 6,2709 90 60,6044 95,03

Q-1.0 6,2735 90 60,6275 96,01

Q-2.0 6,2779 90 60,7724 98,81

() D: kich thudc tinh thé, dugc tinh bing phuong trinh Debye-Scherrer.
@) Duigc tinh bing ti 1¢ cudng d6 mai chinh ciia Pbly va MAPbI; & vi tri 20 ldn lugt la 12,6° va 14,1°
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hep va déi xting, chiing t6 rang san phdm MAPbI3 tao
thanh c6 d6 tinh thé hoa cao. Ndam mii dinh huéng
uu tién dugc xac dinh & nhiing vi tri goc 26 14n lugt
la 14,15 95 20,05 ?; 24,52 ?; 28,54 © va 31,89 ¢, dugc
chi rd thudc pha MAPbI; khéi lap phuong (cubic) véi
cdc mit mang tinh thé tuong ting (100), (110), (111),
(200), va (210) (16). Tuy nhién, lugng du Pbl, c6 thé
quan sat dugc trén gian d6 nhiéu xa tia X cua tat ca
cic mau véi sy hién dién ctia mit mang tinh thé chinh
(003) tai 12,7 °. Mot vai mii nhiéu xa c6 tin hiéu thip
ciing quan sat dugc tai 23,48 ©; 26,45 %; va 33,68 © dugc
x4c dinh ctia TiO; va SnO; trong mau do mang dugc
t8ng hop trén d€ kinh FTO/ TiO; '°. Gié tri thong s6
mang, kich thudc tinh thé, hiéu suft tao thanh per-
ovskite dugc trinh bay trong Bang 2. Diém thu vi G két
qua nay 1a khi st dung chit phu gia amino quinone
ludng cuc da lam tang ty 1é dién tich mai XRD clia
MAPbDI3 va Pbly, tit d6 c6 thé du dodn su chuyén héa
PbI, tao MAPDI3 da tang khi thém noéng d¢ quinone.
Céc gid tri chiéu dai 6 mang va kich thudc tinh thé
thay déi khong dang ké.

Hinh 7 trinh bay dnh SEM ctia cic mang perovskite
MAPbI; dugc diéu ché & cac diéu kién khong sti dung
phu gia va st dung phu gia amino quinone v6i ndng
d6 khéc nhau. Hinh anh cho thdy tét ca cic mang
dudgc che phti bdi cic hat tinh thé MAPbI3. Mau Q-0
cho théy cac hat c6 kich thuéc khong dong déu nhau,
mang tao thanh van con nhiing 16 x6p. Trong khi do,
mang c6 st dung chit phu gia cho thdy hat tao thanh
c6 do dong déu hon. Mang Q-0.5 hau nhu khong c6
16 x6p va cic dudng ranh nit nho trén bé mat.

Hiéu nang hoat dong ciia pin mat trgi per-
ovskite trong cac diéu kién c6 va khéng c6
chéat phu gia

Hinh 8 trinh bay duong dic trung dong-thé va
Bang 3, Hinh 9 trinh bay thong ké gid tri cac thong s6
quang dién clia pin mat troi perovskite dugc ché tao
v6i cdc mang perovskite tao thanh trong diéu kién st
dung néng d6 chat phu gia amino quinone ludng cuc
khéc nhau dugc thém vao dung dich tién chat Pbl,.
Hinh dang dic trung cta dudng J-V cho théy cac pin
hoat dong déu thé hién hiéu ting quang dién. Viéc st
dung chit phu gia gitp cai thién ddng k€ gid tri thé
mach hé cua pin va ting nhe hé s6 1ap ddy. So vdi pin
Q-0, gid tri V. c6 thé dugc cai thién ting 1én t6i da
70 mV (Q-0,5). Trong khi do, gid tri dong ngan mach
khong ting ma con gidm khi st dung néng do chit
phu gia cao hon 1,0 mg.L~!. Vi vay hiéu suit chuyén
d6i nang lugng cta pin PSC Q-0,5 dat gia tri cao nhit
(12,64 %), ting gin 2 % so voi pin Q-0 co hiéu sudt
10,84% (xem Bang 3). Khi stt dung néng d6 quinone

2009

cao hon (1,0-2,0 mg.L*I), gid tri J5c gidm, lam cho
hiéu suét pin ciing gidm mdc du gia tri V,. cha cac
pin nay van cao hon pin Q-0. Hiéu sudt gidm manh &
pin Q-2,0 (8,44%), giam khoang 2% so véi pin Q-0.
Khi stt dung chét phu gia amino quinone v6i néng d6
thép (0,5 mg.L’l), mang perovskite tao thanh c6 do
hép thu quang cao hon, hiéu sudt chuyén hoa Pbl,
thanh perovskite ciing cao hon va mang tao thanh
dong déu hon, khong c6 16 x8p, so véi truong hop
khong st dung phu gia. Diéu nay giup giai thich vi
sao pin PSC Q-5 dat hiéu sudt cao nhét. Két qua ciing
dugc quan sat tuong ty khi stt dung mét s6 chét phu
gia khac da dugc gidi thiéu phan trén?'2%, Khi néng
dd quinone cao hon (1,0-2,0 mg.L_1 ), méc dit mang
tao thanh c¢6 d6 chuyén héa Pbl, thanh perovskite
cling tang hon, mang tao thanh c6 kich thudc hat
dong déu hon, tuy nhién c6 dudng ranh ntt trén bé
mdt mang. Bén canh d6, ham lugng quinone cao cé
thé dan dén cac phén ti quinone ludng cuc tuong tac,
bao boc 14y tinh thé perovskite tao thanh nén ngén
can qud trinh trao d6i electron quang dién lam cho
gid tri Ji gidm manh, tit d6 gidm hiéu sudt ctia pin.
Két qua nay cho thiy c6 thé phat trién cdu tric cta
chét phu gia amino quinone bang cach bg sung thém
nhoém chiic 1én cdu tric hda hoc ctia hgp chit nay dé
tao cc cu noéi lién két gitia céc tinh thé perovskite
gitp cai thién thém gid tri J5 va hiéu sudt cta pin 20,

KET LUAN

Bai bdo nay trinh bay viéc tong hop hgp chit 4,6-
diamino-3-oxocyclohexa-1,4-dien-1-olate, mot loai
amino quinone ludng cuc, st dung lam chét phu gia
trong viéc ché tao mang vat liéu perovskite Ging dung
trong pin mét troi. Su c6 mét ctia chit phu gia véi
néng do thip hon 2,0 mg.L ™! cho thdy khong anh
hudng dén cu truc cta tién chit Pbl, va san phim
perovskite MAPbI3 tao thanh, va con lam ting hiéu
suit chuyén héa ctia phan ting nay, ti d6 lam ting
cuong do hap thu anh sing clia mang vt liéu trong
viung 4nh sang kha kién. Chét phu gia c6 anh hudng
dén hinh thai bé mdt ctia mang perovskite, thi du
mang c6 kich thuée hat dong déu va déc khit hon so
v6i mang khong st dung phu gia, gitp cai thién dang
ké gid tri thé mach hd ctia pin khi ¢ing dung cidc mang
nay dé€ ché tao pin mit troi perovskite. Mang stt dung
chit phy gia v6i néng d6 thdp nhét 0,5 mg.L~! cho
két qua cao nhdt véi gia trj thé V. ting thém 70 mV,
lam tédng hiéu sudt pin thém khoang 2 % so véi truong
hgp khong sti dung phu gia. Tuy nhién, viéc st dung
chét phu gia, nhat 1a § ndng do chat phu gia tit 1,0-
2,0 mg.L ™!, dd khong gitip cai thién gi trj dong ngén
mach, ma con lam giam r6 rét gia tri nay. Diéu nay cd
thé do cdc phén tl chit phu gia da tuong tac, bao ldy
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Hinh 6: Gian d6 XRD clia mang MAPbI; clia mau Q-0; Q-0,5; Q-1,5 va Q-2,0

Bang 3: Cac thong s6 quang dién dong ngén mach (J,.), thé mach hé (V,.), hé sé lap day (FF) va hiéu suat chuyén
déi nang lugng (17) ctia cac pin PSC véi mang véi mang perovskite tao thanh trong diéu kién khéong ¢é chat phu

gia va c6 phu gia & nhiing néng dé khac nhau

]SC V[)C
(mA.cm~2) V)
Q-0 21,30 0,86
Q-0.5 21,00 0,93
Q-1.0 19,16 0,90
Q-2.0 14,89 0,92

FF n
(%)
0,59 10,84
0,64 12,64
0,59 10,40
0,62 8,44

céc tinh thé perovskite 1am ngén can qud trinh chuyén
dién ttr. K&t qué thu nhin dugc cho thdy can thay déi
cdu triac héa hoc ctia hgp chit amino quinone béing
cdc nhém chtic sao cho c6 thé lién két véi céc tinh thé
perovskite d€ cai thién thém gia tri dong ngdn mach
cang nhu hiéu sudt chuyén déi nang lugng cta pin
mit trdi perovskite.

LOI CAM ON

Nghién ctiu dugc tai trg bdi Dai hoc Quéc gia Thanh
phd H6 Chi Minh (PHQG-HCM) trong khudn khé

dé tai ma s6 VL2020-18-04.
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Hinh 7: Anh SEM ctia mang MAPbI; dugc diéu ché trong diéu kién khéng hodc cé st dung phu gia amino quinone

& nhitng néng d6 khac nhau

Nguyén Minh T4n, Nguyén Thi L& thuc hién céc thi
nghiém.

Nguyén Tuyét Phuong dinh hudng, 1én k& hoach
nghién ctu, thdo luin két qua, hoan chinh ban thao.
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The addition of quinonoid zwitterion into a hybrid
organic-inorganic halide lead perovskite thin film could enhance
the perovskite solar cells’ performance

Ngo Thanh Tung'2, Le Duc Anh"2, Nguyen Minh Tan"2, Nguyen Thi Le'2, Nguyen Tuyet Phuong'>"

ABSTRACT

Solar cells based on hybrid organic — inorganic halide lead perovskite are potentially promising to
be used in the near future. The quality of the perovskite thin film played an important role in the
Use your smartphone to scan this photovoltaic performance of perovskite solar cells. One strategy to improve the quality of the film
QR code and download this article was to utilize an additive into the precursor solution during the perovskite formation process. This
paper presented the use of a quinonoid zwitterion compound at some concentrations from 0to 2.0
mg.L~! added to the Pbl, solution to synthesize the CH3NH3Pbls perovskite thin film which was
further implemented to fabricate solar cell devices. The perovskite films were analysed by X-ray
diffraction, UV/Vis absorption spectroscopy and Scanning electron microscope and the obtained
solar cell devices were characterized by current-voltage curve measurements. The results showed
that the addition of the quinonoid zwitterion could increase the efficiency of the perovskite trans-
formation with a film with more uniform morphology and less of voids, leading to a significant
improvement of open circuit voltage values of the devices. The overall efficiency of the solar cells
fabricated with a perovskite film using 0.5 mg.L.~! additive enhanced up to 2 % in comparison to
those of non-additive ones.

Key words: Perovskite solar cells, hybrid organic—inorganic perovskite, amino quinonoid zwitte-
rion, surface material
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