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Aegoll YoM, A7 2239 HRZBATLo|E A= g dlo
STE(self-trapped exciton)ol 2|3+ ¥} F2fo =

A o

A7E 10

Aol glolAl, A7) 2349l 7] Be elA V] shbe] BeA) FaE FAYshe [sal] o, A7) shiel #
WAl daets ohE 2xkd 7] B [Snls] Aeleli 2709 U] TFREe] X w3, 7] 270e] TRFEL

MR dFgste Ae SHoR ks 23k v R BTt E A

A4 gPom Agett AmnsstelE wyAel wa Ao B AL wgAcl, 239
FEE T 1] Sl Bele) AzHavtolE By B A

I A

3 TR Uxgizte] FEE 7AW, glxAoeR ABX;el AATERE 7RItk Htol= A sited] 71 &
QWY dEgE o]o] E9j¥ o] CHNHPbBrs v+ CHNH;PbI;o] Y= A7F 3HdE e, o8 Zd =4 92 4

|

22 FERE ABXO AATERE Y. 94 BXi9 octahedron T2 AT gt FWE o]Fi, FWE Ao
o= A7 Wi ET, HEE Aolo] MAHE A= AA Tx Ueld AFe Adel R 4§, EF, Aol
ME AgslE ARE f7]Eo] Agdrh. 23 T2 FHEBAglolES ##ste]  “Efficient Two-
Dimensional Tin Halide Perovskite Light-Emitting Diodes via Spacer Cation Substitution Strategy” [J.
Phys. Chem. Lett. 2020, 11, 1120-1127]elA&= vdAl =71 AA A, AH87Hse 71225 dldolddR
H ©]<(phenylethylammonium ion, PEA)°] Qo™ Q= (I1)7} B sited 9Xxste] TAFEHEORE o]&HT}, 9]
Qo] 2-Ato]o el ¢tRE o] (2-thiopheneethylammonium ion, TEA)o] AbgE 4 9low  Z+Z} PEASnl, ¥

TEA,SnL,E A 3o},

ER, FHolle dlzuagtolES] HigAlel uid a7 Srkska vk, T4 S5l gl @(Ph)= #73

o
BAS §UT 5 gonz of be Brow dasud st AT Bue A9Ad. 5
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F7] HAE Vo R 3 AP Auo)xe ool FEAEe 9 S QA won FHAES VT
o ] & =
Boukm o] (TPM),Snl, o 7%= 7] Zg o= Sn-1-Sne Zt=7) 153.91° oln, ¢=A%S 7|&ES 3 4rs=

154.27° 2 VEhdTE, 3 100 K49 ZbE7}, 298 KAl 2A4E xRt o 2y Aoz Jehdro).

= 2w B e Al Ao Az 1o o Alx®  (TPM).Snl, SZB 270l Ee] AAF 25 24T O

ARTEY BAS 98 XA SAHol AgHm, AN ATEE $29 208 K Al e AYFzol,

ol A (TPM).Snl.&= ZAAF A a=8.797 A, b=8.688 A % ¢=29.17 A9 S 7HAH, Y

H
Do
it
DY
= W
[0
ol
sy
[N~}
©
oo
-

WA F3F 18 (centrosymmetric orthorhombic space group) Phca® FAdth. Azl AAHL
2229.4 A'olth. [SnIy) & ol ¥1ES FAEH, FAAM TUE 45 FHIT. £, FUASE T

= 75 TPNER EeErk. =9, TPNe] A4 dxpeh 4 AR
A gAe] aerst ¢4 Ae d4ste] HEstEn

o Aol ol WA= oFgk Sk kg3 1ot

BHE o] F= 77 ZHdelAe x4 5 HEHEATto|E 3k BEA A H7|F EA TS v
o 57 =g WlelA Sn-1-Sn o ZiEE 156.1° ©]u], 100 Kol e F-zo Hl&) ¢l=re] Jxr}t wjg- <kl
F71%Z Atole] Al 7.99 AdlA 9.32 Ao g F7hsit),

A2 A Ao

B AN o= A7) A1 AAd e ] AdolE HEZ S| =29 FHUYRE (tetrahydrofur furylammonium,
C,OH;CHNH;, ©]3} TFFe} $h)e] o] 8¢},

Az 2 @ (TFF),Snl,2] 37

A7) Az 194 AFE A1 fHo] FujdEAT). T3, HEo &7 2 mmole tetrahydrofurfurylamineo] 1
mle] HsPO, &0 (HsPO = H,0 Woll A 50 wt%)oll &aie i, A|2 &oo] P},

A2 e st Auel Al gl AME HbET AAE Ba 2 FRe) Solo] 9As EFE WA
Avk, ol Feliz ko] FAHL, wukgRe AM JEvh. J7S Fo £F oo Hepaa vieel B
ehaje] g Aol A

FR9 AYe AF LB B 0TAA 24 A2 Bk Az,

% 3e B o] Az Axde] Azdl 20 ela] AZE (TFF)Snl, MHasloEe] ARTEE EAF BAE
oI},

% 38 BxaT, (o1AE 100 KA b %& wel (TFF)snl, slznzstolse] 44727 LA, (b

A= 100 Kol A €] (TFF),Snl, #|ZB27be]E o] A2 WolAe] F7] FHS o] F= Sn-1-Sno| ZA7+S A9
at7] 98 Fx7F A ET. £, (ool M= A2l 298 Kol A (b)ZS whel (TFF),Snl, H| 2B 27lo]Ee] AH
T27F BAEH, (d)oldE 298 KoM Q] (TFF),Snl, ¥lZ2HA7b0|ES] AAGZ oo F7] HAS o] Fi=
Sn-1-Sn®] Ag7HE AWaty] s 727 AT
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g
H
%

(TFF),Snl,= 100 K % 298 KolA wARA &7+ 2 (monoclinic space group) P2/c= AA3H
(TFF),Snly B2 B 2~7}0]| EE TFFRE FA = 2do]|XE Alold] o|AF S FAdsitt. o] AFHs o3t 270
o] ~fo)l~Ee WL ¥ Huog Aot v &F HHUT AHE F N9 GolES AR niFHRE

ko 2 wjdd gEgstol E2FA-CINL 18-S KT, ol & 3o AuWHE 24 F R8s ¥

TFF AbES Abele] ] &4 2.1235 A &5 7Rd. TF AbeS 7] Zdds Ade= o8 dA 7%
3tk 100 KollA F7] Zede] Hwl Wk A Sn-1-Sn ZH =& 159.78° o9, 298

298 KollA =3¢ 335% Abele]l A= 100 KolA 10.02 AT w|mdle] 10.15 AoR Z7FAU, o]l 219
Z7kl whel F2A dfjFe] AL, F7] FHE Alole Tk HHo] Tt Fx v FIvt SUHES
ojw| g},
A3 A Ao
2 A Ao A= A1 AAlde] wE (TPM).Snl, H2HAFFe]E D A2 Ao w2 (TFF),Snl, |2 HA7}o]

Eo] digt 54 4 o] FaHr}.
olgle] ¥ 1 A7) Al AA A (TPM).Snl, FZB270]ES] 100 K 2 298 KellAle] A4 dlo|el S} A2
AAjee] (TFF),Snl, F|2H27F0]EC] 100 K 2 298 KellA o] ZAA A dloJgEo] 7fAHTt.
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SIS

[¥% 1]
Empirical formula (TPM)2Snls (TPM)2Snls (TFF):Snly (TFF)2Snls
Formula weight 254,66 85466 830.60 83060
Temperature (K) 100 208 100 208
Wavelength ( 4) 0.700 0.700 0.700 0700
Crystal system Orthorhombic O 2 Wik
Space group Cmc21 Phbca P2yve Ple
Unit cell dimensions
ad 28.881(6) 87970(18) 16.2796(10) 163823(11)
bA 8.7090(17) 8.6880(17) 27331(6) 3.3619(7)
6A 8.6380(17) 29.170(6) £.7397(8) 8.3431(7)
a, deg 90° 90° 90° 9%0°
B, deg 90° 90° 92.181(6)F° 9270407
v, deg a0 90° 90° 00°
Volume( A% 2172.7(8) 1294(8) 1241.64(16) 1282.40(17)
z 4 4 2 2
Doty 2 2.5 2222 22
(calculated)( Mgim) o3 2346 G L
Absorption y) 2 2 2
contlient( mm) 6612 6.502 6002 5822
F(000) 1536 1536 784 784
Crystal size{ mim?) 0360x0089x0045 0360x0089x0045 0420x0056x0023 042000560023
o AREAREL 1.389 10 32.999° 26631033381° 264710 30.113° 248910 30.251°
collection
Index ranges

Reflections collected 8181 16215

Independent reflections 3123 [RGm0)=0.1050] 3933 [RGn)=00045] 3349 [Rm0)=01321] 3438 [Ramt) =0.0955)

f';'ﬁ'f““‘“ to theta = 4% 96% 999% 1000%

Refinement method Full-matrix least- Full-matrix least- Full-matrx least- Full-matrix least-

squares on F* squares on F* squares on F? squares on F?

Datatustesinps/ 3123/11/100 3933/0/80 3349/8/88 3458/11/97

parameters

Goodness-of fit on F? 1.599 1153 4333 3407

Final R indices R1=00928 RI=00745, RI=03860, RI=02841

[I> 2sigma(D)] WR2=02535 WR2=02463 WR2 =0,7606 WwR2=06615

! =127, R1=00820, RI=03974, RI=02961,

B ity (o8 Sota) WR2=02790 WR2=0.2555 WRY=07714 WR2 = 0.6695

Absolute structure 07

parameter

Exiinction coefficient 0.0025(5)

Largest &ift. peak and. 4398 md 2775 2,993 and 2838 81354 and -11.091 43314 md 4572

hole (e A9
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T 2 EY A
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2310 = = o S 5 [
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e A

ol AtET

= 7;-373%‘:]' % %20 3}3HE (TPM),Snl, 2 (TFF).Snl, &= EF &4 ~AH9EH
35 ey, ol A W= AAYS veRdct, upEiA,
=788 1.8 eVol | (TFF),Snl,¢] W= 1.7

(TP),Snl,0] o Bol 2j3d A&
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oA gf=FoZ A3 (TPM),Snl, 7} (TFF),Snl, Bt} o & Wi=R8e 7p7),

MelAe 7] € WE 2~FEfe] ZAHT., F g5HEe or] ~FEFHLS 535 molA 71 & H3AE
ZHAG, E=3, o] AdEYI WE AHEY Alodl F AEAXA oF (Stokes Shift)e HATH F, o)X
7F Al 32 dux7F Fd diet EE wo ~HEHe] A o]z HTh. (TPM).Snl,e] A4 W& 621
mE FHoR §v, T2 J3s vehinh 47] Edel WAZ(FIDE 20 mnelth. E7, (TFF).Snl,el 42
2 dudez WL gddo] A2 Jehdn, 675 mme] €8 I3 E 7FXA 32, 600 nm WA 750 nme] Fofe]
S yEebdth. (TFF).Snl, o] Foiy W& 93 44 oA TFF gol2d & F7] Z el o=, £

=
g 57 ZdUd Held sRHor P45

= AANEE 7)<z},
T 4c @ % 4d¥ 22 (TPD).Snl, © (TFF),Snl, o] %o wE gl B33 g I8 TAdth, MZo v
80 K, 200 K 2 300 Kolw], [Snlsl' o #wia] Txo] Az %o AR

AEDL 22 e, 33 cm, 44 cm o)A A7FAe] B4 g

g
>~
(@]
it
e
N
o
ol
s
()
=
2
>
3
a)
=
1)
S,
o
i)
o
[
e,

e gEge, oS %y 2ol TAsE [Snls] olAe [-Sn-19] ¥ mEo] swgddh wa, 101 em
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7] & 204 g A= thee] WA 14 o] Aikd 4 Qv

(g2 1]

g 3 1(t) = Aexp(=t/ t1) + Asexp(-t/T2) + Asexp(-t/T,) +

&7) A 1ol A A/ (ArtAstAst. . )=10]T}.

ek, 7] 7 204 B T T, oFEle] WA 20 oE] =EdT)

(W72 2]

Tae= ZiA T, /2 ATy, B, 1, T 3T FHEY IHE UERG

Aoz we 74 AR 1, AAES Bab QAT s)leke W, =@ 7 AR(ID 1, B
& F4 72 WA 2 Aele) gl vle

A7) % 2004 et vhkel o] (TPM).Snl, = 0.51 ns9 #e 7IAlE 74 AR 1.°] 90.43%°]aL, 1.49 ns9
e T E A AR 17 9.14%) Exsich. =, (TPM)Snlol s AA|Ee] A Ag e we Fbdo] F1 3
o= dojdt},

WA (TFF),Snl,= 88 ns9] S 7HAE 74 A& 1.°] 8.18%l =33k, 20 nse] #S 7HAE 74 A& =

»7F 38.11%°1W, 3.9 ns®] #S 7HA= 74

)
a
=2
R
lo,
o
=

B olmAEo] MAE = HE

& Qom,

AE 10] 51645 ARG &, 4 T2 Ed g 9@

ol FxFA ¢ 7|elsl= self-trapped exciton(STE)ol] <3 w4

o2 (TPM),Snl,el He 74 AR 1,5 0.73 nsol™, (TFF),Snl,9] Ho 74 AR
(TMP),Snl, = A &% A4S T3l v &2 Al <

(TFF).Snl, = g o= 21 W& A B¢ #¥8 ¥y 538 &

£49] 24}

=4% 2437 98 514 el @olAt AE]
Qs Y Az v ek,

= 49 A
% 725 FFEsA, (TPM).Snl,= 10
FHAbo] @& longitudinal 3t Ei=
Sl wE PL g Ex7F HolAE

K 2%

PG EHL BAT TG},
F4se}, delAE 30 psol F71% M. EW, @

ol A 615 nmo} 665 nme] ¥ IFS Ho|H,
= 9 [-Sno] Aste] wE longitudinal 33 Ei=
g2 H2HaTlolEo] dHA FRo|Ae oy FAETE,

o]T‘:»

Z+7} 1-Sn-19] ¥

L
‘_
o

_11_



[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]
[0106]

[0107]

[0108]

ZIHSdl 10-2022-0157611

el Zo1gel we) pL 2dEgle] W3 3
QoA wae] e gadth. Lxd
S5 AR (Gned) S2HE A2l A
olg} FASHAl % Thel M (TFF).Snlel i HlolE7l AAsE v, 10 KlA o) 28 gy gae 4o

e | 7Z+48l7] wEo|ot, w3l %7} 27}t wel it Ad9EHS W %
. ool 2ol kel W2 Axte BRI ANE-EE Al 71AF otk &

w7 U GAsks (sl Zaled Fwel 3@ FAe fuets §710h A

o
g
2
o
oft
rlo

kit
o
o
(e
T

drg o] AL Ao (TPM)2Snl,

yE

A2 AAldl el (TFF),Snl o] 23 545 =AIRE Aold.

89 FzeW, ()E HEnsdlolEe] A HEE Yehx, (b)E HAZH A7 470 mo] of7] Hgo|
AAVE Aelel ASHE AT BAL EAUT. B, (OF 365 mel AAHAN olE Azn ol Ese
AA W3S ©A|EHE o]m A o]t}

Azd 3gEe] CIE A #HFE = 8aclr A goox A% %%’?‘{P Al vebdet. A4 232 (CIE color
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(TPM)2Snls 0.6216 0.3740 1217.9 50.87 57.10 030
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