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SUMMARY

INVESTIGATION OF SYNTHESIS CONDITIONS, STRUCTURAL
CHARACTERIZATION AND LUMINESCENCE OF TWO-DIMENSIONAL DION-
JACOBSON LEAD-HALIDE PEROVSKITE CONTAINING DIAMMONIUM IONS

In this study, the crystalline 1,5-diaminonaphthalene lead iodide [CioHs(NH3)2]Pbls (DANPI) was
investigated for synthesis conditions in two methods: (i) crystallization in the above-mentioned solution,
and (ii) crystallization in a solution with temperature gradients. Optical microscopy and powder X-ray
diffraction (XRD) was used to evaluate crystal structure, and the luminescence of the formed crystals
was determined by photoluminescence spectroscopy (PL). The results showed that DANPI crystals were
formed in the solution with temperature gradients but no crystals were formed using the method of
decreasing temperature. Observed under an optical microscope, the obtained crystals are orange in
color, about 200 um in size, almost square in shape, with sharp crystal edges, and thin plates. The XRD
data showed that obtained DANPI crystal has a monoclinic (monoclinic) lattice type, space group P2ic
(14) with lattice parameters a, b, ¢ are 11.2252 A | 8,9337 A, 8,7750 A, respectively, and o =y = 90°, 8
= 90,601°. The PL spectrum showed that the material was capable of emitting in the 520 nm to 550 nm
region, corresponding to the green color.

Keywords: two-dimensional hybrid lead iodide perovskite, 2D perovskite, 1,5-diammonium naphthalene
perovskite, Dion-Jacobson phase

1. MO PAU vire nhu pin mat troi, didt phat quang, laser, bo
Céc perovskite halogen lai hiru co - v6 co la tach sdng quang, xdc tac va nhiét dién [1].
trong tdm cua cac nghién cau hién tai vé vat liéu Vit liéu perovskite co kim halogen cé cong thirc
perovskite do nhiéu dac diém hap dan nhu hé s6 chung AMX; véi A la cation hiru co, M 1a cation
hép thu &nh séng cao, vung cdm thiang (direct kim loai héa tri 11 va X 1a anion halogenua (c4u
bandgap) c6 kha nang diéu chinh duoc, ning truc 3D) hién dugc Gng dung thay thé silicon
lwong lién két exciton thp, kha ning khuéch tan trong san xuat pin mat troi va dat hiéu suit
song mang dién tich dai, dién tich 16n va thoi chuyén d6i nang lugng 1én tGi trén 24% [2]. Tuy
gian tich dién kéo dai. Vi vay céc vat liéu nhién ching khong bén & didu kién thong
perovskite da dugc ung dung trong nhiéu linh thuong.
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Thé hé tiép theo cua perovskite halogenua duoc
nghién ciru 1a cac perovskite c6 s chiéu thap:
hai chiéu (2D), mét chiéu (1D) va khong chiéu
(0D), trong do tap trung phét trién cac dan xuit
perovskite 2D thanh mot phan nhom lai ban dan
phong pht nhd su da dang vé cau trdc (nhu cdu
trdc Ruddlesden-Popper, Dion-Jacobson, ACI),
t6n tai cac vi budng cong huong (tao bai cac 16p
bat dien MXe?) gilip so hitu cac dic tinh quang
ly vuot troi hon so cac dang 3D nhu céac
methylammonium lead halogenua
(CHsNHs)PbX5 (X 12 Br- hoic I) [3], 1D nhu
guanidinium chi iodua C(CH,)s]Pbls [4] va 0D
nhu (C4NzH14X)4SnXs [5], ddng thoi ciing bén
hon trong diéu kién thuong.

V& cac ciu trGc pha néu trén, pha Dion-
Jacobson c6 wu diém 1a c6 hai lién két amin cua
phan tir hitu co lién két véi hai 16p bat dién
[MXg]? (dugc tao boi cation Pb?*, Sn?,... va
céc halogen) gilp vat liéu ngin chin d6 4m moi
trudng xam nhap, tang d6 bén cho vat liéu ¢
diéu kién thuong [6]. Trong khi d6 & pha
Ruddlesden-Popper, gitta hai 16p bat dién MXs
c6 hai 16p phan tir hiru co véi mdi 16p c6 mot
lien két dé két ndi vai 16p bét dién va ching
tuong tac voi nhau bang luc Van-der-Waals.
Tuy nhién hiéu suat chuyén doi ning lugng van
chua cao do do két tinh con kém, can cai thién
bé hinh thai bé mat két tinh va giam mat do
khuyét tat trong tinh thé [7].

Céc tinh thé, dic biét 1a don tinh thé rat quan
trong d6i véi viéc danh gia cac tinh chat ngi tai
va rng dung cta mot vat liéu noi chung va cua
perovskite halogen lai hitu co - v6 co ndi riéng.
Céc don tinh thé perovskite cé cac ranh gioi hat
rd rang, cac trung tdm tai té hop va mat do
khuyét tat thdp hon cac dang khac. Ngoai ra
chung ciing 6n dinh hon v&i méi trudng. La mot
vt liéu tinh thé béan dan, cac don tinh thé thuong
duoc sir dung nhu mét co sé 1y tudng dé khao
sat cac ddc tinh quang dién tir ctia ching. Vi vay,
viéc tong hop tinh thé n6i chung va don tinh thé
noi riéng 1a mot nhu cau can thiét trong nghién
cau vat liéu perovskite.

Mot s6 phan tir hitu co diamin dugc sir dung ché
tao perovskite 2D kiéu Dion-Jacobson nhu
diaminoetylen, 1,4-diaminobutylen,... Trong
d6, 1,5-diaminonaphtalen la phén ti htru co
diamin ¢6 kich thuéc 16n ¢6 thé tham gia vao
qué trinh tdng hop vt lidu perovskite 2D pha
Dion-Jacobson 1,5-diaminonaphtalen chi iodua
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[CloHG(NH3)2]Pb|4 (DANP|). Tuy nhién, bén
canh mot vai cong b vé vat lieu DANPI nhu
céu trac don tinh thé DANPI [8] thi chwa c6
nhiéu nghién ctu vé vat lidu nay. Vi vay muc
tiéu ciia nghién ctru nay 1a xac dinh diéu kién
phu hop dé két tinh dugc tinh thé DANPI ¢
chit lugng tét. Tir d6 phén tich dic trung ciu
trac va danh gia kha nang phat quang cua vat
liéu thu duoc.

2. THUC NGHIEM

2.1. Hoa chat

1,5-diaminonaphtalen CioHioN2 97% (DAN)
duoc mua tir hdng Sigma-Aldrich (Bic); chi (I1)
iodua Pbl, 99,99% va dietyl ete (C.Hs).0
99,5% duoc cung cap bai hang Fisher (My); axit
hidroiodic HI 57% dugc mua tr hdng Acros
(Bi).

2.2. Téng hep tinh thé DANPI

Hoa tan 0,1238 gam Pbl; va 0,0222 gam DAN
trong 5 mL dung dich HI dugc dung dich c6
mau tring duc. Chuan bi 5 mau dung dich nay.
Tién hanh khudy tir gia nhiét 60 phat trong bé
dau silicon cac mau dung dich trén tir nhiét do
phong toi cac nhiét do phan tng lan luot la
85°C, 90°C, 95°C, 100°C va 120°C (dit 1a mau
A, B, C, D va E tuong tng) dé xac dinh nhiét do
phl hop ma hdn hop phan ang xay ra hoan toan.
Dung dich thu dugc ¢ mau da cam.

Chuan bi lai miu dung dich nhu trén va tién
hanh thi nghiém tuong tu tai gia tri nhiét 6 phu
hop da lya chon ¢ thi nghiém trén. Sau khi phan
ung két thac, chia dung dich 1am hai phan bang
nhau, mot phan dit trong bé dau néng & nhiét do
phan @ng cho giam nhiét do dan vé nhiét do
phong (goi la phan 1), mot phan dat trén dé néng
& céc nhiét do khac nhau lan luot 1a 60°C, 65°C,
70°C, 75°C va 80°C trong 12 gio (goi la phan
).

San pham can thu dugc ¢ dang tinh thé két tinh
mau da cam, hinh vudng, ban mong, duoc loc
rira bang dietyl ete va siy kho chan khéng tai
60°C trong 24 gio.

Phan @ng hoa hoc dién ra nhu sau:
CloHe(NHz)z + Pbl, + 2HI —
[C1oHs(NH3)2]Pbls

2.3. Phwong phap nghién ciru

- Kinh hién vi quang hoc dugc st dung dé quan
sét hinh thai tinh thé;

- Phuong phéap nhiéu xa tia X bot (XRD) sir
dung may Miniflex 600/Rigaku tai Phong thi
nghiém trong diém Pai hoc Québc gia Ha Noi vé



vt liéu tién tién cho phat trién xanh nham danh
gi& cAu trlc vat liéu ché tao duoc;

- Phuong phap phé huynh quang (PL) sir dung
kich thich bang laser tai buéc séng 355 nm trén
may Horiba iHR550 cua Vién Khoa hoc Vit
liéu, Vién han Iam Khoa hoc va Cong nghé Viét
Nam nham danh gia kha nang phat xa quang cia
mau tinh thé.

3. KET QUA VA THAO LUAN

3.1. Biéu kién ché tao va hinh thai tinh thé
Céc hdn hop A, B, C, D, E ban dau ¢6 mau trang
duc, khi khudy tir gia nhiét dén khoang 70 -
80°C dung dich chuyén mau da cam va 6n dinh
mau sic tir 80°C tro 1én (Hinh 1). Vi vay gia tri
nhiét d6 85°C duoc lua chon la nhiét d6 thuc
hién phan ting thay vi cao hon nham giam ning
lwong tiéu thy va thoi gian cho dé phan wng tir
nhiét d6 phong dat téi nhiét d6 phan tng. Thoi
gian phan ung la 1 gio.

Hinh 1. Mau sdc dung dich tai nhiét do phan ung
Sau khi phan ung két thic, dung dich dwoc ha
nhiét d6 nham két tinh. Di véi phan dung dich
(1, tinh thé khong hinh thanh, dung dich ban
dau c6 mau da cam d6i dan vé mau vang nhat
khi nhiét do giam dan vé nhiét d6 phong (Hinh
2). Mot s6 mau c6 hinh thanh rat it tinh thé trén
thanh dng nhung sau d6 tan hoan toan trong qua
trinh nhiét d6 giam dan.

—

Hinh 2. Tinh thé khong két tinh trong diéu kién
dat giam dan nhiér d@é tir nhiér d phan img vé
nhiéz d6 phong (phan dung dich 1)
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Déi véi phan dung dich (11), tinh thé xuét hign
ngay tir khoang 80°C trén thanh éng sét véi bé
mat thoang dung dich va ¢ éng két tinh 65°C
thdy lwong tinh thé nhiéu va 16n hon cac miu
két tinh & nhiét 6 khac (Hinh 3). Vi vay 65°C
dugc chon 1 nhiét @6 dé duy tri trang thai két
tinh, dong thoi ciing tiét kiém nang lugng hon
S0 vai duy tri ¢ cac nhiét d6 cao hon.

i

Hinh 3. Tinh thé két tinh khi c6 gradien nhiét
s (phan dung dich 11)

Tinh thé bit dau hinh thanh trong dung dich sau
khoang 20 phut va dung dich két tinh dwoc duy
tri tai didu kién két tinh néu trén trong 24 gio
tiép theo.
San pham dwoc loc rira bang dung dich dietyl
ete v&i bom chan khong va sy chan khong ¢
65°C trong 24 gio.
Tinh thé thu duoc c6 mau da cam, d& v& khi tac
dong co hoc. Str dung kinh hién vi quang hoc
quan st thay tinh thé c6 dang tim mong, gan
nhu hinh vudng, c&c canh sic nét, kich thudc
khoang 200 um (Hinh 4).

Hinh 4. Hinh thai va kich thuéc tuong doi cia

tinh thé¢ DANPI qua kinh hién vi
Nhu vay, dé thu duoc tinh thé véi luong 16n,
kich thudc 16n, hinh théi tt thi qua trinh két tinh
can c6 gradien nhiét do giira phan day ong
nghiém tiép xuc véi dé néng va bé mat thoang
cua dung dich; thoi gian két tinh 24 gio. Trong
khi 6 néu dé dung dich giam nhiét dan trong bé
dau thi khong thu dwoc tinh thé.



3.2. Gian d6 XRD

Mau tinh thé duoc do XRD bot nhur Hinh 5 thé
hién cac dinh nhiu xa vai tin hiéu manh va séc
nét, duong nén it nhidu cho thay chat lugng tinh
thé thu duoc 13 kha tot.
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Hinh 5. Gidn do XRD bét cua mau tinh thé

St dung phan mém VESTA [9] tinh toan gian
d6 XRD bot cua vat lieu DANPI (ma
7207480.cif) tai tir co so dir liéu don tinh thé
Crystallography Open Database [10].
So sanh gian d6 XRD bot cia mau DANPI thyc
nghiém véi gian d6 tinh toan tir VESTA cho
thdy c6 su tuong quan phu hop (Hinh 6). Vi tri
cac dinh nhiéu xa cta hai mau trang vi tri goc
2theta véi nhau, thé hién duoc day du cac bac
ctia ddy mit phan xa (100) tai céc vi tri lan luot
7,92, 15,88, 23,92, 32,07, 40,40, 48,96, 57,82;
cac ddy mat phan xa (011) tai cac vi tri 14,16,
28,54, 43,40;. ..
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Hinh 6. So sénh gian d6 XRD bét ciia mau tinh
thé thiec nghiém va mau tinh toan mé phong tir
phan mém VESTA

Tuy nhién mét sb vi tri dinh nhidu xa cua miu
thuc nghiém cho cuong d6 chua ti I& phu hop
nhu dbi voi mau mé phong. Vi du cudng do
dinh nhidu xa cua mat (011) cua phd thuc
nghiém tai goc 14 d6 thap hon nhiéu cuong do
dinh nhiéu xa cua cac mat phan xa c6 goc lon
hon nhu (200), (020), (300), (022), (400),...
trong khi tai phé mé phong thi c6 cuong do cao
hon. Hodc gan nhu khong thay xuét hién dinh
nhidu xa cia mat (020) ¢ goc 20 do. Didu nay
cho thiy trong mang luéi tinh thé van ton tai
khuyét tat hoic sai sot do qué trinh chuan bi mau
do va do.

St dung phuong phap tinh chinh Rietviel xac
dinh duoc tinh thé thudc hé don ta (monoclinic),
nhom khdng gian P2:¢ (nhém 14) véi cac thong
s6 mang a = 11,2252 (A), b = 8,9337 (A), ¢ =
8,7750 (A) va o=y =90 (°), B = 90,601 (°).
3.3. Phé PL

Nhim danh gia kha ning phat quang cua vat
liéu, phwong phap do phd PL duoc thyc hién
bang kich thich tinh thé DANPI bang laser budc
s6ng 355 nm cho két qua nhu Hinh 7. Sau khi
loai bo duong nén va tién hanh khop ham Gauss
thu dugc cac duong cong khép ham nhu Hinh 8
véi hé sb hoi quy R? dat 98,81%.
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Hinh 7. Phé PL cua tinh thé DANPI
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Théng tin V& vi tri cac dinh duoc liét ké dudi
day:

Pinh 1 Pinh 2
BuoCsONg | 519594 0,09 | 54752 +0,17
(nm)
*)
FWHM® | 10244027 | 49,96+ 038
(nm)

) FWHM la do rong cua dinh tai vi tri ban cuc dai.

Két qua phan tich phd PL cho thay xuét hién hai
ving dinh phé phét xa mau xanh luc lan luot tai
budc séng khoang 520 nm (v6i FWHM la 12,24
nm) va tai khoang 548 nm (véi FWHM la 49,96
nm). Vi tri tha nhét tai 520 nm ¢c6 FWHM kha
nho dugc hinh thanh do cac exciton tu do va vi
tri tha hai xuat hién do cac khuyét tat cua tinh
thé hoic ctia qua trinh dién tir nhay tir mirc ning
lwong cao (dugc kich thich boi laser) vé muc
nang lugng thap hon mot cach khong dong thoi
(cting 14 nguyén nhan gy ra FWHM cua vi tri
dinh thir hai nay rong hon dinh thir nhat).

4. KET LUAN

Tinh thé DANPI duoc két tinh thanh céng bang
phuong phap két tinh trong dung dich c6
gradien nhiét d6 thay vi phuong phap giam dan
nhiét d6 cua dung dich qué bao hoa. Phan (ng
dugc thyc hién ¢ 85°C trong 1 gio; nhiét do két
tinh khi dat dung dich trén dé nong 13 65°C trong
24 gio.

Vit liéu tong hop duoc & dang tinh thé c6 mau
da cam, ban mong, gan nhu hinh vudng, céc
canh tinh thé sic nét, kich thugc khoang 200 pm
duogc quan sat dudi kinh hién vi quang hoc. Két
qua khop dit liéu tir gian db nhidu xa tia X thyuc
nghiém va dit liéu tir phAn mém cho thay vat ligu
DANPI thudc loai perovskite 2 chiéu pha Dion-
Jacobson da dugc ché tao thanh cong, c6 kiéu
mang tinh thé don ta (monoclinic), nhém khéng
gian P2;c (14) véi cac thdng sb mang a, b, ¢ lan
luot 14 11,2252 A, 8,9337 A, 8,7750 A va a = y
=90°, B =90,601°. Phd PL cho thay vat lidu c6
kha nang phét xa trong ving 520 nm dén 550
nm &g véi mau xanh luc.

Do vat liéu c6 cau tric linh hoat va c6 kha niang
phét xa, DANPI rét c6 tiém ning ng dung trong
linh vyc phat quang nhu LED, LASER,...
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