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Abstract

Due to their better stability and high performance for X- and gamma-ray detection, quasi-two-
dimensional (2D) lead halide perovskites have demonstrated excellent ability to be used in scintillators,
compared to three-dimensional (3D) perovskites. In the current study, the stability of 2D-layered
HA2CsPb217 was investigated relative to the a-CsPbI3 crystal structure. It is demonstrated that the
charge transfer of hydrogen atoms connected to nitrogen and iodine atoms close to organic molecules in
the 2D structure. This results in a change in charge distribution over the perovskite structure. Hence, the
structural stability of the 2D structure was much better than the cubic structure of a-CsPbI3. Despite the
more stability of quasi-2D perovskite, the presence of large organic molecules in this structure led to
lower mechanical stability than its 3D counterpart, a-CsPbI3. In other words, this material has less
tolerance for the pressure of time. According to the results, scintillation detectors based on 2D lead halide
perovskites can be less efficient in harsh conditions than their 3D counterparts.

Keywords: Quasi-two-dimensional perovskite, Formation energy, Molecular organic, Charge transfer,
Mechanical stability, Bulk modulus

Journal of Nuclear Science and Technology Slaen (58 g pale e
Vol. 45 (3), Serial Number 108, 2024, P 137-143 VEFAYY o O FF fliasl VoA ol o oleis FO 0,90

va
4‘9}’



\YA

c gy Sl gl g (Sl eles Sl 4 oyl aslllas

o35 (TEASHIy) (sl bl s ol oo (ioshy ol
JECE R STIARCIRURCOVSIRATCIINI 28 TG IWRNSIN
gl el etd G oy Gjgmges Lo ST VL Ly
X axil gyloppear 10 00,5 slp !y songs (PEALPB)
bly by AL wols las s 5 (S Sjlas o
aibsilb YE JI VY o905 ;0 PEALPB (gusmgs colSug
Sisle ol Glp Gl Jeod 0o pizer D (S ol
Wlgise o pree soo )5 51 (S I 5 s 2l YU s
anl (3l IST jsliie a4y (55,5 4S5l bas- 5o oslita
tlons b e 5 8 Yo¥e o o il YU s L X
L PEAMA, \PbI,. ox 5 ColSwgy SHlle oly>
Slaws il b a8 Wil olis adsl sl laslone solitl
L8] sloo 2018 00le (5195 S Corsls JT1d (slaas¥
Sl ol s Sleslrs Jgl o 0 Ghagiy cal o
Slsez slad & Cos HACSPh I, songs ColSg
SDFT) J&> b a s oolizwl L a—CsPbl, o=
Py delbre boam 8 50 0.5 o0 JI3 ey n 990
2ln 53 3lge sl atus 93 cnl Joodi (Sl (olgs 5 (SlasS
2355 aalgs 18 aalllae 890 ()15 Julge

Slawlxo o9, .Y
Bilesss Jo s S (b sl bl n Ol
polsS )l Bley a6 A L g eSSVl
ol a5l Slasle plodl jo ool 4035 O g0 g el
&l VAW Sl L ISl Jeailty 4 g PBE asily qaass
tolos 2l 53 el 00 oliiasd T JsSge Jolis sl
i gad slass il Go Sl I8 5 zse @l b o
Sdilaie (6 o S5 el 0 a8l 1,5 5 oy, YY - 4
5 Gomgd a4l Sl gl BPx) gan e 5l sk !
sl ol ilaly gly VAVnY o j ozms llo

L] 00 oolazwl
ol 0g)F o aSe &b b a— CsPBI, sl
Sl fle 5l aS Wb o Held YY) o)leds L Pm-Ym
Bl aws )ls 092y olad 09,5 (pl jo a5 bk Syl
Jisl Jis S lsle ol glogsl Liwsi € 5 b @ o,
G sl 4 b ga s ) )5 slaclilr jo wish e
9 955 8 Wlg oo @3] SG L aidlioe s slaSed o)
JB) (oe3) Cs 5 (o) Pb slagdl bwgs o3y &

4. Datta

5. Density Functional Theory

6. Van-Der-Waals

Journal of Nuclear Science and Technology

doddio .
S pSlsnl Slgal o CalSusn SlaS 65 B ol
Lol ails Bgalas 093y 1) Jlglyd axgi ol Jlw vz b
o 5l BlaS 5 cnl 08 4 pammie (Sl g (9 SIl els
S & e se 5 iz 5 b b @ I
el @)}wﬁm oolo wl.uo 6‘..\.:..\;[5 u‘}.& aQ LQW[S....JjjJ
Jl 0 oLKes 5 sigenins V] cal oas lajlu sl
P s Oigere Sle)Sal S L Gl sl VoA
oolazwl ools . divges adei g 21k 1, gsﬂj"‘c _gsﬂ Collugp
oS g Sy Sl S Gle, ST cnl e e
sobie 4 a5 0g el +A Cwlks 4 (PhE-PbBry)
i oolizial NIl oads able Ll cgiy oilu, 551
Sloy S @08 (V) YU s Ll ST ol ol
0o asiligl 44 1 ably ole; g aslisib - ¥ (FWHM)
K SECTINPUIAREII P PG WS NCOUSINR PN | § JCOW
peiseldeie e ey p S Ojgmge eyl
L} )a‘).a leaGA )L...:)ls...u—l ) )la. 6)5—‘89 oQ)'L‘a OM\)QL{;’J
b X andl gy slo,lal ol waosl o VYXV - cm'V-
I¥] as 6 Sojlail 1Y sga> - keV (g5,

Sl (Sl 5 oSl 0w jamie pls pf ) e
Ol Sl wZasb) 5 Yl les o s slaiulSeg
oyl ol e glal bl sleel, 5l S IF] e
Gl Jsse jea> 0 a9 4 dw dw l by lisle MMU
Do s (655 B Gl 4 e ol cnl ool I
(OgRlash) oyaz -9 58Ul Ciar s 551 SRS o
e do Wiz dgdx 0 samgd olSugy sle sl o
ol o] el wog BB laie a5 wibe Sy g8l
03 Az 3ga> [0 Gumdw ullugy sla,lisle gl lade
399> )3 55 ZNS (5,15 (yygmges slp 9 Sy 9l (e
i eSSk Jlesl oy asbe fe meV
Sl S Sl @omsd GlacalSugyy )0 0yh> —(y5 Sl
3 Yk 6,9 033 1 g Sy (SBLly czge gd90 (nl &S
5 Tod YNl o [Pl sl oymem slale ST
2 N elaY G aSUles ol Ll wisls olas ol e
B zge Jsb o lraly 4z Jd sloay b
GRIF 5 opi 03 S oloj SIS« ltios)
3 oad iabesl sl IV] sgi o T S 003l St

1. Wei
2. Lin
3. Emission

Slaad ()38 5 psle alxe

Vol. 45 (3), Serial Number 108, 2024, P 137-143

VEFOIYY o L F T Ll ) - A ol oY o)l (0 6,90

v
4’9‘{



Sehaar bl Lol 5 ko

AR

Dl Jgl o5 50 gangs 4l Jlslo (giloand 5l g
biod 5 angs and LSl 5l (g9 Sl oles 5l (S lad
s a8 I3 axg 0,00 —CsPhI, oy Sdw 4w
Gt LSl & S i LSl g5l s <ol
wa pl8 e el ead pwyp BS8 655 Al L
woor e @ Bl g0 Gl Gless eyt Slalrs
8,5 8 arg 0,50 Tes e uld o bap] o Shes
]

Gipl Je ksl Gl asls olge aSpl @ azgi L
el o] g)le Sl j0 Oglis g diwn 3434 pguase
S )5 50 iz g oo OL S Sl plgs o gl
w5 55k e @B Sy Clle jes A (S Sl
LS Pl ol 9 S8 L sladels o515 5 S 20
or OlFe | dlge V> (JBa 5 )l LSl aslllas
Pl 0550 40 Cou &S Gl sl gy0pl 51 Lol L8
Syge e cul Sy Ghagh cnl 9 4z g 9590 Slge (9 2SI
0555 Sloslons sl o5 55 Lo ubal ol 2 e 5 s
N5 50 il o iyl Lol e 5 &)l Sl s
S3e Ly J s j9a> 5 olé jo bl g5 il
SR NE BUCEEPRE S

@ 93 JLSbe 90 o 1 (KL )3 0ud (atiine &g @
S5 BB ailioe peitee 551 BB Gl gaman 4
W aky 0 HACSPbI, o 3 L3l lp
sl Glp aS 0 @)l JIE M= «n 0)
L plp G dhss pl aaxe a—CsPbl. sosmaw
Aok go M= 10 oo/ o 0)

Jle 50 ool Sladlngl e pad atie jolaie 4
2 [V @ s S o s ila, i bt
30 oad jattine Oyge A Ll 0050 ,8 diilxe JliSl g0
S5 I sledsse 5w bl O 5 ¥ sl
5 50 kol e I gage Pty lgs 5 Tend b
w18 sl 5 0 @31 P Jlomysl Sl 50 0 sl cud)b
e onl by Ll e Sl e vpdiee (BB e
Bl e )bl cnl )3 oy @51P Sl

3. Harsh Environment

4. Valence Band Maximum (VBM)

5. Conduction Band Maximum (CBM)
Journal of Nuclear Science and Technology

sl as coge )l O Kl o aS Il o Wgd e
S5 I8 Wl se @il a el Sl b g Rl I Gl
ol Glules ogi s p I o3l aw lasgs Jlisle ol o a8
Gl 00l ool ol V SS s LSl
o —CsPbl.  coz> JLzle | eolawl L oam p5 5o
0,8 Gilad o)) glily jo Nk S oad A
s Sy e slatid o S 5l 5Tl i
oo 41,8 a0 axs B yb g0 )0 pg Sl V¢ ol FIRVES
G 0 jse xdaw JlSle b g bass giluand 51 e ol
(Sl i Ao yo 3 ol a8y ilaly JalS g0 4 4
ot HAT JT (sla JsSJge b 3ils 15 s 13 45 i
«Soogp slabioly jo ol Las b ocoly jo g wlons
Sl 5l glales sl Jilaly (gangs 4t Slapiae
Cowloads ool las ¥V S jo adl udaly (g 4l
Sre sy csimobls)l lgie 4 a5 HA JT slags!
ez o gl aily Seen &bl WS e Joe

...\3‘00)95

.a—CsPbl_ J:sLs sl ) JSi

(HALCSPhI, ansg0 Joho (s3lmtnts 3l slagles ¥ JSC

1. Slab
2. Hexylammonium

Slen (93 5 pole alone

Vol. 45 (3), Serial Number 108, 2024, P 137-143

VEFAATY o 0 FT lial ) oA ol oY oless FO 6,90

v
‘9‘?



V- ey Sl g)lul 5 (Sl Lels Sl 4 lal addlae

Sl sledsIse Jolis slojbisle )ll owyp cu 3-0&
ol s 55l ca = CsPhIL soz> LSl 4y Ss 20
—~ 2.0
[a] el oty aculoe V galayl, 5l ool b o ksl 3 s
- _ _ ) E1.47
E, =( E(Pb],)n(Csl),H(PEAI), nEPbIY g :).(5) ¢
(n—VE., +YE,.,;)/n Yoo
Q) -0.5 ﬁé\.c
_1_0r : Mgb}
osle JS 655l E(Pblv),,(CsI)n,‘(PEAI)\. abal, ol o (b
9 Pbl, o> L3le Glagsiyil wiy 4 By EPbIr 3.0&
. A& i n 2.5
ol yo bl HAL J5Slse 35 56 s551Ey,, 5 CsI = B
= 2
el 00l 730 Y g 40 ol L 15
) ol gy ) Jour o = . Eo1.79
ks JI slagsSdge ple 1S a0 £95 Sinl @ 4295 b 2 ws
@ aslp 609y9 )0 43S al Wil Glgyaly o 5l Wl oo o A
2 2wl sad Jd gom g0 Sl ol Gilaly jelate _1_0[%§"é-m&er
3O S oy }I@@\gbyﬁw‘ouT Cawd a4 mlis )
o v arg badb e VYV eV as .l kel o) Sy Bl (o «a—CsPbl, &)y JLsle (@l ¥ U
sl LSS 65,0 a5 0pd se oanlin ) Jsaz 4o oo (HA)CsPb I,
9 Sl Gladm dw glien Sl St Sl 4 (gamgs 4l VBM CBM
Sl sl (Seelusges Sl I Sl cnl nlple J UV © U U
B @ig g E9dge l (owyn sehie 4 il e
dmbre b gangs 4l Sl lasl SLbI o (5 xSl o C( Q o
S ol S 5 drg 5yee gyl IS DS
oot ety IS B elna b e |, Sz Lo 2 @ LL

ol ol wges ale (JT sl sUse Sls ;o) CulSug
b olsies 1y ol ol Jds sl oud pasie § JS s a8
ol 4 Jate Gigee slagsl I Sy xS JBs el

@ =CsPbI, e5lo 1y |y, (D) chops sla Sz F JSi
CBM

LS ol (Sl 4 L8F Sl 0 0y Glepdl 4 (g o
Uimamdn slied 4 ol (gamgs ad LSl gl Jds 5
el 035,000 w31 9 % w5 Glee (Shged Wsm eSS 2
)
€V ooy ,0) JSas 6550 Jgur r
L a—CsPbl.  HACsPb1, @
oY -0+ Lol 8
Er(eV
1(eV) v Dl - ol%es 8 ?
D
(HA),CsPb I, 3L s, |\|,n,k (r)|‘ s sla JE> .0 S
Journal of Nuclear Science and Technology Slaad (518 g pole e 4'6“’
Vol. 45 (3), Serial Number 108, 2024, P 137-143 VEY-AYY o O F oY il oA als ¥ o le O 0,50 5«'



Sehaar bl Lol 5 ko

Y FY

S8 4 yaie aw gle dal) Sjse cnl o e LA
R'=DR )

(F) akal, 5 oolizel L U5 >y 1,5 b

09»;@ ,A.?b.wc
\ + 8[70 gUH gﬂﬂ
o=\ ¢, VtéE,, & )
gﬂﬂ gﬂﬂ \ + 81717

polie D s ile o (b SLSLL o onh 55 550 4 a5
Lo onlplo ams oo Gioled ) 1 cgz j0 oas Jleel (155 €
WpSe Syge Sz NS Jlel ol 4 arg
Ol & axgi bl eeals ilide (15,5 slagm Sile
@ S0k 5l eolanwl by & =&, LS el 0
5 ((O) alal) VY] Teigy 6 180l leie b oty aslis
Gy sl FxF g yile Ky gl Slass alS b
odds Lasine (F) alal) j0 o pile oyl il pudlys yluniS

]
{xx—)), Yy —>r, zz > ®

zy —> F, Xz > 9, Xy —>~

xS a8l slyls @ = CsPbI . Ll aS ) 45 a>g5 |

Sz dez Gl Al ol o bt glop & jgas
s LSl cpl )0 alfgs slag i izen g aliaw ())&
a5 b e ile S5 & (letS Slocll G le 2alS
g Al (bl gl oo €y 9 € €, (g JEs yais
a0 ol oglate Sels Gorgd Al Al 0,90
S s &Sl Gl jSle asial Jds 4 gamge
3575 Sa)ly 5 Sler B 90 b sl PSS 5
3 S lecisS o il polie ooled aSil (pl jo I 0 )ls
Wb plens Col VY sles Jhle 4 iS00 Jos K0S
oals las A gV laakal) o iy a4 SadS 65 g L

lodds

4. Voigt
5. Triclinic
Journal of Nuclear Science and Technology

o o

Gomgs ad Jlsle o ghoes L B Bl 0 SS

sledsse Slé ,0) CulSwgy Jisle s JI slodsse «HACsPDI,
(J

s bl o gamgs 4l sla,lisl LT as oyl
sl s cov cwl Sew ool a5 ayld o ESww
sllios 4 Cod Wil oo Olizee w0pS IE e
wejle e boasdl adl G ol plden>
o8 o el Gl el gl (S ol (o)
3loolaiwl b oS o J1)8 Az gl 050 SluiS pled awle
oo g oole ;00 (ol (lgies plwidS slacul
2l 9 TG hp Jove 9 T(Y) KL Joso M (B) (co>
DT s gl cass a1 (Sl olss

0y sbmgl 5 5 oole Ky a4y Jlasl GlatS 25,8 oles
Ss2 ol L Gille a5 0500 3575 it ablaly S o] o
gl 0 ALlgh ) Dy 4 abaly (plall e
0y =Cijklgk1 M)

GHS Ey 5 d Sar s 8 el 1 adlse 0 Yl o

)

sole lactS (slociuli laie 4 5wt so oole SlaisS _ols>
e adgl aSLD lop @S (558 Azl edioe S
DLl S omsle g ail RY (2655 Jlosl 5l s R

1. Bulk Modulus
2. Yong Modulus
3. Shear Modulus

Slen (93 5 pole alone

Vol. 45 (3), Serial Number 108, 2024, P 137-143

VEFAATY o 0 FT lial ) oA ol oY oless FO 6,90

v
4’9‘{



VFY

c gy Sl gl g (Sl eles Sl 4 oyl aslllas

\
B=;(c\\+\’cw) )
BG
Y=——— A
YB+G
\
G =E(\"cw +c,—c,) \Y)

e I NP, LRE TS
oolazul 9,50 thermo_pw oS ;o a5 cuwl by,  SlSe
Slge Sl ples o ebel g Y O] 6,5 o 18
398 355 Sl esliiul bhaghy cnl 0 9gdse e
dsle GRogh (nl 3 axgl 9ype Sl (S ole>
5 6y ot plss Sloslre 4y bgie mls wilons
¥ oY sz o a—CsPbl. § HACsPhI, L.
el 00l 0

JEle o ¥ slaJguz 0 oad 7y mls 4 4y b
el samgs ad Jlsle 4 cowd a —CsPDI, ooz
Jle ke & amsie oli ol e SO
sloiyS Gile 4 b) Jlel S8l peis pln 0 (o>
o 85wl os lis 953 5l gL Cesslie (o0 Jlasl
s B) oz Jgdo Jlade ganlio 5l oolatul b S
SpSet JA ewan s AlSe dlge sl VYIS aka,
1ol
op_,0E

B=—V—=
oV ov’

QAY;

2o 9 GPp e S ey @ 5l as by
T )l;b‘.w 6‘)—.’ &sb Jss.\.o alos> )l tfiulfw ua|9>'
> bas glp cole Joow Jle 4 wad oo cumlin

el 5 i ol gleasS

OK—CSPbIr o> LEle gl gt plss Y Jous

B E G (GPa)
a—CsPbI.  YEYa V) #8) Lol 8
VESY VYR SAS D] oh%s 8

HACSPbI, o> il ol SlotS ol ¥ Jgam

B E G (GPa)
HACsPbI, AOY 488  ¥ga Ll S
- - - RUSSRRTy

Journal of Nuclear Science and Technology

¢, 6 Cr 6 €, €,
G, G G Gy G, G
C = G G Gy G Gy G )
Cry Cp Gy C Cp Cp
Cor Cor Cr G Gy G
G, G G G C, C.
¢, Gy 6 ‘ ' '
Gy o Gy ‘ ' '
C — c’ r CY r C’ ! ‘ ‘ ‘ (V)
. . . C,, . .
. . . . c,, .
. . . . . C,,
¢, " o G Cu €y
© Gy m S Cn Cp
C = * * Gy G Gy G )
‘ * * Cyr Cp Cp
‘ * * o Ch G
. . . . . c,,

ok ey ) eoliil bl slacl g5l oy
sl oads Jlosl (155 4 Cond gl S5 (655 o6

Sleel (85,5 ca g ol oo |y e JS (655 003 0
b 4 adal ) JS8 4 lesS slacul o

gy

E(V,e)=EWV)+ V(rliic-gﬁ () @

= j=!

slp € Gl Jies jolie pud amie 5l m
S dalizle 51 SO e o leiS slecol anl=e
Gl 5o 00,5 aule il (1,5 Jlesl Sl om 5 JE 55
sbdseze ks a5 Cij yolie (ST pl alns b ©)50
ol )0 Wgd oo dpwloes Wil oo @ doles [0 onile Sb
b oisle g0 ,m gl pletS sl aslre 5
Gl Jle Glsie 4 0gad arlre Gl e 1) (S ols>
O VY 5 VY 0 Lalyy USE a4 s, oeeSe bl
0 Jode 9 Kb Jode (oo Jode 5 platS slacul
Sl 092

Slaad ()38 5 psle alxe

Vol. 45 (3), Serial Number 108, 2024, P 137-143

VEFOIYY o L F T Ll ) - A ol oY o)l (0 6,90

v
4’9‘{



i b Lok s,k aho

VFY

5. Shpatz Dayan A, Cohen B.E, Aharon S, Tenailleau
Ch, Wierzbowska M, Etgar L. Enhancing stability
and photostability of CsPbI3 by reducing its
dimensionality. Chem. Mat. 2018;30:8017.

6. Kumar S, Jagielski J, Yakunin S, Rice P, Chiu Y.C,
Wang M, Nedelcu G, Kim Y, Lin S, Santos E.J.G,
Kovalenko M.V, Shih C-J. Efficient blue
electroluminescence using quantum-confined two-
dimensional perovskites. ACS Nano. 2016;10:9720.

7. Lin J.T, Liao C.C, Hsu C.S, Chen D.G, Chen H.M,
Tsai M.K, Chou P.T, Chiu C.W. Harnessing
dielectric confinement on Tin perovskite to achieve
emission quantum yield up to 21%. J. Am. Chem.
Soc. 2019;141:10324.

8. Datta A, Fiala J, Motakef S. 2D perovskite-based
resolution X-ray detectors. Sci. Rep. 2021;11:22897.

9. Gao H, Wei W, Li L, Tan Y, Tang Y. Mechanical
properties of a 2D lead-halide perovskite,
(C6HS5CH2NH3) 2PbCl4, by nanoindentation and
first-principles calculations. The Journal of Physical
Chemistry. C. 2020;124(3):19204-19211.

10. Jiang Y, Yuan J, Ni Y, Yang J, Wang Y, Jiu T, Yuan
M, Chen J. Reduced-dimensional a-CsPbX3
perovskites for efficient and stable photovoltaics.
Joule. 2018;2:1356.

11. https://dalcorso.github.io/thermo_pw.

12. Voigt W. Lehrbuch der kristallphysik: (mit
ausschluss der kristalloptik). BG Teubner. 1910;3.

13. Landau L.D, Lifshitz E.M. Theory of elasticity, 3rd
ed. Pergamon Press, Oxford. 1986.

14. Afsari M, Boochani A, Hantezadeh M. Electronic,
optical and elastic properties of cubic perovskite
CsPbI3: Using first principles study. Optik.
2016;127(2):11433.

15. Kaxiras E. Atomic and electronic structure of solids,
Ist ed. Cambridge University Press, Cambridge.
2003.

GrSazi ¥
A ol s 4 sungs 4l o alle ZalSag y Sl
Cannd LS g WSSl slags o5k, ST jo a5 6 5YL oo3b g
oslaiwl (gl gmolio wails (i jls gum an laculSug,ys 4
oolitul b Lidgh cpl 5o 0iib co oyjgmgm slolo, Kol 4o
s ol gl Syl Slalons 5 SISz oo 40,k
Uiy dw slien ¢ HACSPD I, somso JLole Sl
e E85 13 oy p 990 @ —CSPDI, (oS &S0h (S
Jodo 4 gamgs JLSle imgh ol 5l sdel Cws 4 @l

Cilpe a0l g (59,008 o] G (Siey0ud Ngwm JaSCiS
Pl o glalaa jo il guman JLsle 5l 5l

Sip Jsladsse jpam cde 4 sam 5o sl (Sl
s Ole 4 Cal Gaman LSl ) Slaes Sl 4
Sl slajlas ply )0 6505 Jood (gamgs 4l sl
(GERgi ol 3l Jele @l A arg b oses e (liS 29>
2 Oigeges Sl )81 Dlsie 4 gangs 4t JLSLo 5l eoli
sles sls 5l Sael Bl Wig o e slalae

Sl (g

&=y

1. Zhou F, Li Z, Lan W, Wang Q, Ding L, Jin Z. Halide
Perovskite, a Potential Scintillator for X-Ray
Detection. Small Methods. 2020;4:2000506.

2. Kishimoto S, Shibuya K, Nishikido F, Koshimizu M,
Haruki R, Yoda Y. Subnanosecond time-resolved x-
ray measurements using an organic-inorganic
perovskite scintillator. App. Phys. Let.
2008;93:261901.

3. Wei H, Fang Y, Mulligan P, Chuirazzi W, Fang H-H,
Wang C, Ecker B.R, Gao Y, Loi M.A, Cao L, Huang
J.  Sensitive  X-ray  detectors made  of
methylammonium lead tribromide perovskite single
crystal. Nature Photonics. 2016;10:333.

4. Leijtens T, Eperon G.E, Noel N.K, Habisreutinger
S.N, Petrozza A, HJ Snaith H.J. Stability of metal
halide perovskite solar cells. Advanced Energy
Materials. 2015;5:1500963.

COPYRIGHTS

©2021 The author(s). This is an open access article distributed under the terms of the Creative Commons
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium,

@ ©

as long as the original authors and source are cited. No permission is required from the authors or the publishers.

Al oyl 4 slos!
CSPbl; gass sl s HA(CSPyIy somgs dd culSug s Jbisbo o)l o (Suilse polss o,Slo d al dalllae )V F+¥) Lok o Sioss bb cdsio o5,k
Url: https:/jonsat.nstri.ir/article _1573.html .DOI: https://doi.org/10.24200/n5t.2024.1573 N FY-AYY V)V + A cglasan (938 g pole ale

Journal of Nuclear Science and Technology

Slaad ()38 5 psle alxe

Vol. 45 (3), Serial Number 108, 2024, P 137-143

VEFOIYY o L F T lasl ) - A ol oY 6l (0 690

v
4’9‘{


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=1.+Zhou+F%2C+Li+Z%2C+Lan+W%2C+Wang+Q%2C+Ding+L%2C+Jin+Z.+Halide+Perovskite%2C+a+Potential+Scintillator+for+X%E2%80%90Ray+Detection.+Small+Methods.+2020%3B4%3A2000506.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.+Kishimoto+S%2C+Shibuya+K%2C+Nishikido+F%2C+Koshimizu+M%2C+Haruki+R%2C+Yoda+Y.+Subnanosecond+time-resolved+x-ray+measurements+using+an+organic-inorganic+perovskite+scintillator.+App.+Phys.+Let.+2008%3B93%3A261901.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=3.+Wei+H%2C+Fang+Y%2C+Mulligan+P%2C+Chuirazzi+W%2C+Fang+H-H%2C+Wang+C%2C+Ecker+B.R%2C+Gao+Y%2C+Loi+M.A%2C+Cao+L%2C+Huang+J.+Sensitive+X-ray+detectors+made+of+methylammonium+lead+tribromide+perovskite+single+crystal.+Nature+Photonics.+2016%3B10%3A333.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.+Leijtens+T%2C+Eperon+G.E%2C+Noel+N.K%2C+Habisreutinger+S.N%2C+Petrozza+A%2C+HJ+Snaith+H.J.+Stability+of+metal+halide+perovskite+solar+cells.+Advanced+Energy+Materials.+2015%3B5%3A1500963.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=4.+Leijtens+T%2C+Eperon+G.E%2C+Noel+N.K%2C+Habisreutinger+S.N%2C+Petrozza+A%2C+HJ+Snaith+H.J.+Stability+of+metal+halide+perovskite+solar+cells.+Advanced+Energy+Materials.+2015%3B5%3A1500963.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.+Shpatz+Dayan+A%2C+Cohen+B.E%2C+Aharon+S%2C+Tenailleau+Ch%2C+Wierzbowska+M%2C+Etgar+L.+Enhancing+stability+and+photostability+of+CsPbI3+by+reducing+its+dimensionality.+Chem.+Mat.+2018%3B30%3A8017.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+Kumar+S%2C+Jagielski+J%2C+Yakunin+S%2C+Rice+P%2C+Chiu+Y.C%2C+Wang+M%2C+Nedelcu+G%2C+Kim+Y%2C+Lin+S%2C+Santos+E.J.G%2C+Kovalenko+M.V%2C+Shih+C-J.+Efficient+blue+electroluminescence+using+quantum-confined+two-dimensional+perovskites.+ACS+Nano.+2016%3B10%3A9720.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Lin+J.T%2C+Liao+C.C%2C+Hsu+C.S%2C+Chen+D.G%2C+Chen+H.M%2C+Tsai+M.K%2C+Chou+P.T%2C+Chiu+C.W.+Harnessing+dielectric+confinement+on+Tin+perovskite+to+achieve+emission+quantum+yield+up+to+21%25.+J.+Am.+Chem.+Soc.+2019%3B141%3A10324.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.+Lin+J.T%2C+Liao+C.C%2C+Hsu+C.S%2C+Chen+D.G%2C+Chen+H.M%2C+Tsai+M.K%2C+Chou+P.T%2C+Chiu+C.W.+Harnessing+dielectric+confinement+on+Tin+perovskite+to+achieve+emission+quantum+yield+up+to+21%25.+J.+Am.+Chem.+Soc.+2019%3B141%3A10324.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.+Datta+A%2C+Fiala+J%2C+Motakef+S.+2D+perovskite-based+resolution+X-ray+detectors.+Sci.+Rep.+2021%3B11%3A22897.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Gao+H%2C+Wei+W%2C+Li+L%2C+Tan+Y%2C+Tang+Y.+Mechanical+properties+of+a+2D+lead-halide+perovskite%2C+%28C6H5CH2NH3%29+2PbCl4%2C+by+nanoindentation+and+first-principles+calculations.+The+Journal+of+Physical+Chemistry.+C.+2020%3B124%283%29%3A19204-19211.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=9.+Gao+H%2C+Wei+W%2C+Li+L%2C+Tan+Y%2C+Tang+Y.+Mechanical+properties+of+a+2D+lead-halide+perovskite%2C+%28C6H5CH2NH3%29+2PbCl4%2C+by+nanoindentation+and+first-principles+calculations.+The+Journal+of+Physical+Chemistry.+C.+2020%3B124%283%29%3A19204-19211.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.+Jiang+Y%2C+Yuan+J%2C+Ni+Y%2C+Yang+J%2C+Wang+Y%2C+Jiu+T%2C+Yuan+M%2C+Chen+J.+Reduced-dimensional+%CE%B1-CsPbX3+perovskites+for+efficient+and+stable+photovoltaics.+Joule.+2018%3B2%3A1356.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.+https%3A%2F%2Fdalcorso.github.io%2Fthermo_pw.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.+Voigt+W.+Lehrbuch+der+kristallphysik%3A+%28mit+ausschluss+der+kristalloptik%29.+BG+Teubner.+1910%3B3.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.+Landau+L.D%2C+Lifshitz+E.M.+Theory+of+elasticity%2C+3rd+ed.+Pergamon+Press%2C+Oxford.+1986.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.+Afsari+M%2C+Boochani+A%2C+Hantezadeh+M.+Electronic%2C+optical+and+elastic+properties+of+cubic+perovskite+CsPbI3%3A+Using+first+principles+study.+Optik.+2016%3B127%282%29%3A11433.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.+Kaxiras+E.+Atomic+and+electronic+structure+of+solids%2C+1st+ed.+Cambridge+University+Press%2C+Cambridge.+2003.&btnG=
https://doi.org/10.24200/nst.2024.1573
https://jonsat.nstri.ir/article_1573.html

	مجله علوم و فنون هستهای، دوره 45، شماره 2، جلد 108، تابستان 1403
	1. Zhou F, Li Z, Lan W, Wang Q, Ding L, Jin Z. Halide Perovskite, a Potential Scintillator for X‐Ray Detection. Small Methods. 2020;4:2000506.
	2. Kishimoto S, Shibuya K, Nishikido F, Koshimizu M, Haruki R, Yoda Y. Subnanosecond time-resolved x-ray measurements using an organic-inorganic perovskite scintillator. App. Phys. Let. 2008;93:261901.
	3. Wei H, Fang Y, Mulligan P, Chuirazzi W, Fang H-H, Wang C, Ecker B.R, Gao Y, Loi M.A, Cao L, Huang J. Sensitive X-ray detectors made of methylammonium lead tribromide perovskite single crystal. Nature Photonics. 2016;10:333.
	4. Leijtens T, Eperon G.E, Noel N.K, Habisreutinger S.N, Petrozza A, HJ Snaith H.J. Stability of metal halide perovskite solar cells. Advanced Energy Materials. 2015;5:1500963.
	5. Shpatz Dayan A, Cohen B.E, Aharon S, Tenailleau Ch, Wierzbowska M, Etgar L. Enhancing stability and photostability of CsPbI3 by reducing its dimensionality. Chem. Mat. 2018;30:8017.
	6. Kumar S, Jagielski J, Yakunin S, Rice P, Chiu Y.C, Wang M, Nedelcu G, Kim Y, Lin S, Santos E.J.G, Kovalenko M.V, Shih C-J. Efficient blue electroluminescence using quantum-confined two-dimensional perovskites. ACS Nano. 2016;10:9720.
	7. Lin J.T, Liao C.C, Hsu C.S, Chen D.G, Chen H.M, Tsai M.K, Chou P.T, Chiu C.W. Harnessing dielectric confinement on Tin perovskite to achieve emission quantum yield up to 21%. J. Am. Chem. Soc. 2019;141:10324.
	8. Datta A, Fiala J, Motakef S. 2D perovskite-based resolution X-ray detectors. Sci. Rep. 2021;11:22897.
	9. Gao H, Wei W, Li L, Tan Y, Tang Y. Mechanical properties of a 2D lead-halide perovskite, (C6H5CH2NH3) 2PbCl4, by nanoindentation and first-principles calculations. The Journal of Physical Chemistry. C. 2020;124(3):19204-19211.
	10. Jiang Y, Yuan J, Ni Y, Yang J, Wang Y, Jiu T, Yuan M, Chen J. Reduced-dimensional α-CsPbX3 perovskites for efficient and stable photovoltaics. Joule. 2018;2:1356.
	11. https://dalcorso.github.io/thermo_pw.
	12. Voigt W. Lehrbuch der kristallphysik: (mit ausschluss der kristalloptik). BG Teubner. 1910;3.
	13. Landau L.D, Lifshitz E.M. Theory of elasticity, 3rd ed. Pergamon Press, Oxford. 1986.
	14. Afsari M, Boochani A, Hantezadeh M. Electronic, optical and elastic properties of cubic perovskite CsPbI3: Using first principles study. Optik. 2016;127(2):11433.
	15. Kaxiras E. Atomic and electronic structure of solids, 1st ed. Cambridge University Press, Cambridge. 2003.


