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Boag e obgHolar, $4:3 MRS Y= H2HAT0lE 9 o9 fo w3 Aot}
vl 4 7] &

¥ &2 H ~7}o] E LEDAAFE CHNHsPbBrs 2 CH:NH:PbBroI =22 o] &34 EQE 0.1-0.4% 2 o] ¥7]7} 364 cd/m

2 A Bk HoAv. AZBagtolExs dEto]ln Ao osi A W= o] Theste] vhekdh Ao EL W
I

=5 7AF Uk A, @A ddste 111-VS 3hghE wheA], OLED % QLED A5l wlsix W Agte] 7]
o135k vjHFA} A A3 (nonradiative recombination)o] i, fMFAo] 7}5dte] FABLS AAD F A=
Fdeol k. ayy F7IFY SR 2 Abkol wig- wuigdstn EA b Ago] "HolAA golo] £¥FE Fx
([HC(NHz)2]0.85Cs0.17Pb (1o 6Bro 4)3) 2 F7]7]8F CsPbBrys Z=943te] W2 turn-on A 2 ¥H71E FIAIAA A

A #

T FEATIA AT SN BB ATl ET T FERAA S G4 i A7 wobA g5 ol A
s EAE 73] dRH2 bl ES LEDAA H8ste v @A7F Ha ot

A ZHTbo]E0] Bt S djdstuat EYE FE7F AeAdoldA] HAad 7] oS =Yty 71E9] 34
TZ 2l 0 A FE 223271 A] AAR A RH AT EVL LEDAAZA BIEI vl 53] 23 FE2Fol
A (110) B3] 7324 sf=fell s AA-E= AA]5o] ¢34 self-trapped 04711}(exc1tons)°ﬂ oA B
2N &S s WA whg flRRAvto|EVE AN E g 9 taEdold A &3kt AAlge] F &
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(EDBE=2,2" -(ethylenedioxy)bis-(ethylammonium); X = Cl B+ Br), a—-(DMEN)PbBr,  (DMEN=2-
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2 FAEE 22 AP 2B 00l E sk

(p 1 p)O . SnanXSn

(4 %, pipt 7] 3oy 29] AsebA, XE Cl, Br 2 12 o]Fol1 oA Au sht, ne 3 o4l 3

2. 9] 19 QolA, A7) &84 19 X= C19l 3HEE.

3.9 16l SlelA], 7] 7] AA-FHF A E AES Aol dRTE o] aEE A= A e
4. 91 19 SdelA, 27] shekE
5. 91 19 el 7] shekEo
6. 91 1 WA 5 F o= 3] 3}

7. %91 69 WFALAE Eitets WFEA.
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B omge) dansvtelEx ebgHelm, S5 WAHS F 5 glol, o] LEDES] §E S oA S5

(a) Yoldrgm ool AR F F7]1EA=A, pip = piperazine, lmpz = l-methylpiperazine %
2,5-dmpz = trans-2,5-dimehtylpiperazine, (b) (pip)sPbBrs, (pip)sPbsClis, (1mpz)PbsBri,, = (2,5-

dmpz ) sPbBrs FZ B AF}o]|E AA 9] SEM o]n| A,
% 2: (a) (pip):PbBrs FIZE~7}o]Ee] Pb-Br Aol Edxwdor 2 89A% 3.23A, EW3Fo =2 2,93
A¥ 3.07A°)aL, AHAFR F71EA} N-H-Br FA2Z2TS £33 TR ER 282 AFES A%, (b)) 2709
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Fol & Aole] FAAG(HE HA), (0) oF BFor HHFoE F7
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% 5 (a) (2,5_deZ)O,5PbBI‘3'2((CH3)ZSO)(%}\]’X(—)]7:” %Zl’ 1% P21/C)9] @xé?_}—, (b) (2,5_deZ) PbBI‘g'
(CH:;)QSO(}\]'HOLX{)] 7:]] %Z_]' 1% PbCa)gl @Xé?'}_, (C) (2,5_deZ) PbBI‘g . (CH;)ZSO 1D }\]”/é\‘ ‘;’l UV/}j(()\.CX = 365
nm) 3Fel A1) (2,5-dmpz) PbBrs - (CHs)oS02] WAy wWk= (d, e) FAZATd &) DSOS} AZ2% 2,5-dmpzs

Zhe bF S WEE (2,5-dmpz)osPbBry - 2((CH;)2S0) 9] 1D [PbBry] 7] A&,

X 6: (pip)oPbBrg, (pip)sPbeClis, (1mpz),PboBriz 2 (2,5-dmpz)o sPbBrs H|ZH AT E AXFxo] AEH A
o] &2 XRD ¥,

X 7 (a, b, ¢) (pip)sPbBrg, (pip)sPbeClis, (1mpz)PbsBriz E (2,5~ dmpz)e sPbBrs - 2((CH;),S0) ¥ 2 H A7}o]
Eo gt 2 ER] | (d) (pip)sPbBrs, (pip)sPbeClis, (1mpz)sPbBri, B (2,5- dmpz)o.sPbBrs + 2((CH;),S0) #H = H.
27bolE9] W= AAE 1% UV 7FA] b wkAl ~HEd

= 8: (DiD)QPbBTG, (pip)3Pb6C113, (1mpz)4szBr12 t?% (2,5_ deZ)0.5PbBI‘3 2((CH3)280) ﬂ]iﬂi?}olé 63%9] 3§'
g ol .

= 9 (pip)QPbBre, (plp)5Pb5C118, (1mpz)4Pb2Br12 ui] (2,5_ deZ)oﬁPbBrg : 2((CH5 )SO) tHZ] J] ]a'xl‘”‘ 7] Ylﬂ
2H 2Tl EC] A7F F3 g decay FA.
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8% 2 PL, (¢) CIE A% =7, (d) (lmpz)PbsBriz B (2,5-dmpz)o.sPbBrs - 2((CH;3)»50) AR B ATFLo|E A7
S 39 W @ 4V 310nm A sl A zbzh AL 5
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[s}eh4] 3]
(D 1 p )O . 511anX3n

(2] =, pipe 471 85k 29 FsEAHE, XE Cl, Br 9 12 o]F0)xl wolA dge s, ne 3 o9 4

7] B8 1, 3] gotd, X TARCE (1Y F Yed, AletAwe NoHs X 1 BEF Fh FEAE
bulky @2 ¢1% AZn2sloE 7150 B AEAL PAGe] A7) Awwe] $54

= s
& FARTHE ZRAA Br, To] Wa AT 5 Uk,
=

71 ghea A -FH UAE ALE Ao Z FAYe WIS iy FAHOE G U FHHY FA
He AY ¢ 3, 2o ?—Zﬂx_—l]—g—if, 371 AFES Aol dRI} olojx mEE FAPEE AU F e
olE 37l EWE FxIH 1 FErt FAstE 5 Q.

A7) 3ES WAl ukbtS gl ERAS 7R Ao 2A AMA (Color rendering index, CRI) Zte]l Al#hE =
Fdso A 60 ool Est vk, B W] S3ES 1 ghe] 70 o), 75 o]/, 80 o4, 85 ol EE
90 oY F A, vrEAEAE 90 o] wWig- HL @S UehdE AY F .

B oatdo] 338 Ay 4 318E(lead halide, piperazinium)S MER {7 &, BES ggAd F
g e g &3t witete] Alx" 4 gk, By FAIASR, Y] 7 SRHEES A ggste 95l
FAH et 7tE kst $ < 3IEHE §9S ' SFHE 8§ AH7H(drop by drop)dheE WAlo® £33
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FES Wl met, WG Bew b A IR Fobol FaARA S5 BEE 5 Yot

2 g gk g7 WgARE Ll HHAXE AT

v o] AN 4ed v, 4] AL 2Pk B owme] Ak 59 as )2 usae w
ooz, 7 gHo] U Agol, A7) FLANE EISE A GFH BAEAE v By S
¢ ZoE e S i

ol3h, ¥ WS FAHOR APy s8] AAlelE ol FAsA Az @,

Al Y

1. AdAE

B23} Y (PbBr, 98%), 93} F(PbCl, 98%), ¥ e+2l (piperazine, 99%), 1-vwld&x=|e}=(99%), slo|=mH =
WAF(HBr, 48%), QAFHCL, 37%), =FoFQIXAF(HPO,, 50 FFH% F-89), N N-tHEEEolu]|=(DNF, ¥+%&,

9.8%), tiHRAZAO|=(DNSO, &, 99.9% ©%), HUERRMY(FFE, 99.8% %) H S=2ZWAl(CB,
TR 99.8%)2 Sigma-AldrichZFE +4ste] F71 AAQlo]l AHgstdvr. Edx-2 5-v)w e s )2k (98%) 2
Thermo Fisher Scientific Korea Co., Ltd.ollA F¢3¢lct. EW~-2 5-tuE s A5 HEnlo|=E 55
Z(equimolar)®] HBr ¥ EW2-2 5-viv g # e} 0S %‘5}/\]?4 AR, 1 3, 0Tl 2A13F B9k o
3, APE SAG 50ToA AR Fek TRAAL. HHAES 60T A
F7F AAgle]l Agselth. Eda-2 s-Udy ey FREgoEn U3 YHoer Az}
AH&-3FA ).

2. 2B 27t0|E9] §A

©

T o
[«0
ol

0.367g9] PbBro(1 mmol)E 5.0 mLe] HBr Mo RaAIFT. ZeA2aE 20U XA 120CE 7}L3 & 1
o
[e]

A7t A3 SID WA AetA murstgich, WEe] wolAdlA, ¥ehx(0.086g, 1 mmol)< Inl HBr
S0z FAAG. A G4 A%HoR WUSEA, Pobr, &o] AA3 H7k(drop by drop)sHlt.
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a8 AAstL, &
RHATOER e wWhr oz FEH|Ft). PbBr.E dAHIT %
)9 1 mL §d4& uREE 5 ml PbBr, &Ml A7lsigict. A7) WHe= dd 2,5-tvEd ety ¥ BE
st 24 W Ado] 7] wiEe, T &uxl tElEHE W (antisolvent method)& AFE-8le] A3}
ST, PbBro(1 mmol, 0.36701 g) ¥ E#x~-2 5-tdE i HeAF HZvlo]=(1 mmol, 0.276g)2] E3=S 6mL
o] DMSOo| &aiA AT, UE22HEre AQEEHERA ALY, 3t FS FAHAROR g HE2H2ATl0lE
T 7)o o] AxE A, HCle] AME-E AT,

tolamE wash g 7] WA w97 Bo B Aol AHNG. tE o
= 1 2 FAAZ)2, 1-Wgy #2211 mmol, 0.100

(1) s A= PXRD 2 @2 XA 34

Huk XRD(PXRD) EA1S 40 kV/30 mAdlA ZHEatm, g3 9% A8 AZ7)7F A2E o
W, wgE CPS 120 INEL 2% XA 3AA(Cu Ka SA-T45te WAHE AREsto] AEoA FhEqdnt. =
HA7MolE ZAAL ggE-N o4z A”star, Ag#£(111) o5 Z2F dA37](DCM)E 2zt BL2D SMC2] ADSC
Quantum—210 73Z7](Pohang Accelerator Laboratory in Korea )ollA], AARZEZE WA = 0.61000A)5 o]&
ste], 298Kl Al 3] dlolE]lE F43lth. PAL BL2D-SMDC Z2 182 dlojg #J(HE7] A€ 63mm, SH7}
2, Ao =3, ZEY 7 =FALF 12) AREEJAAL, HKL3000sm(M A 703r)> A AE3, F4 2 &5
B0 ALLFAT. HZBATIO|ES] AAFZEE SHELXT-2014 T2 ALE-3 AU AL83te] 3253
a1, SHELXL-2014 =213 f7]X2 AA 3 FH4 25 AAF(full-matrix least—-squares calculations)< ©]
&3] A=A

ARE WLE o 9 dlolEE WSS Kubelka-Munk g Aol wheh F4 dlolEl 2 Wkele] B W )
g 45 o AeEAt:

[

Lo

P 1)

a/S = (1-R R’
(R WHAME, a9} S& 27 &4 2 AR A
(3) AAA E] 2 A 7b-Ra) Puks

HlZB~TlolES]  whE 9 of7]|RH(exciton) FF(PL) 2FELS FluoroMate FS-2 Fluorescence
Spectrometer (Scinco, ©ERI=T)= FAsIAt. AAE 29d F24 A7 (MicroTime-200, Picoquant,
Germany) S AF&3te] 60x (7)) thE dl=E ARgste] Az &&) PL (TRPL) A5 F33T. 4 SHL 3

THEAE(KBSI) hTAEAA ST, dd R H2A tho]o= #o]A(375nm R 470nm, HZ~ FE
~30ps)E oJ7]¥Y(excitation source) 02 AFE3ATE. 470nme] @ ol A7t FAIEUS w, AWMZA Y HES &
A&7 Y&, thelA =] w]#(Z375RDC, AHF), &3 ZEJ(HQ4051p, AHF), 75 um AE, : E
obtekA (avalanche) © EE UT}o]Q=(PDM series, MPD)E ©o]&3ldth. Az & whgzk AxH(time-
correlated single-photon counting, TCSPC) 7]&<& &% IAE AXSHE dlo] AFEHEHATE. 200 x 200 A=
TAE TRPL olv &= AlZF Blzz7h &9 A1z 2 (TTIR) dlol WS o]&3le 715% A}k, Symphot ime-
64 RAZESOJ(HA 2.2)E AFTTE 57 AR AE3se], 16 pse] A7HEs e o= A2 PL A Eol| digh A
T 995 19t

(584 2]

ok

10 = ZAe™"™ (1) Ng-o& PL 2%, AE
AF A5

YA HP0,Z FF5F HI §HoA Hl2B 2710 EE FAded, BE ARAE FA9 4 d44+2E5 B
(= 1), Z2AgH oyt +24 AAZE £ 1o AAIFHO Aqtt. (pip)PbBrei= T4 A APEAA L] 33
5% Pnnmoll Al AASIE AT, & 2204 &l 4 A%, Tl ZHA] Atele] B2l (bridging) ZHEE A9
A8 (180° Holtk. &y, 7 20 3.2370(8) A, 7Hd #2 2.8915(13) A HE cis- A9 T do|& o]Fox
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Edz A9 Pb-1 Al 27 3.0730(1DA 2 2.9339(11) Aeltt. F#|2hzl 27 Yol a
o= ofEd FoHe velw [PbBril Abele] oak JHi= widE Y. 1S5S aFE Wb w2

T2 v A @] wlFel, (pip)iPbClis 2H24s FF 25 R34 AAIEHATH(E 3). (pip)sPbeClig

Y wele] o ARE Sea 59 nf ASBS R gtk PClse AA T A wel Ag U
goz BAYTHE 3a). FLAFE F7] AW 7] Fole Aole] Wrh groz 3) xEA YEAIS ¥
E of Wl ¥7] Apzel @

2 f7] Foleoz s, 1-vEddge ARgowyiE Ee® Zdx] 0x94(0D) FER7F dolAch. oD
(1mpz)PboBr = % XAl B3k 1% P2/nold AARBE O], [PhBrgl ZWAZF 1-wdmHEA 27}
ol 93 FEHUT. = 4aclA B F A%, 77 Fol2 (pip)PbBrs oA} o] N-H-Br& F3l A

ol

1:[>’
o&
g

(framework) S TEQT. = 4b9} 4c= Hhgl [PhBrs] TWAS WA HAFL, o= FL we 2 1-1)

4
gy gds Eyste] vehit. AA" 238 718 7M7kE donor-acceptor ATt 2.4946(9) A H 2.6321(1
-H-

d2" T =Felv. F2EATE Br goles HRHAIIE AxllM AU, o= A" ] =
B
O)A Q1 N-H-Br <=4~ Aol ofe 2d€t}.

(2,5-dmpz), sPbBry2] Bt w9 2 5-dmpz 27} ko]2e] Auk 1} [PbBry] 2 2709 DMSO EAFZ A
ATk, AT 27F Fol22 A FHR olojx wbd el faf whEolda, WY aFow Ak YAE A
ATHE 5a). ol FahE Tz A(CHeN, - 2010, - 20,0)9] YATE FART. TR FANA DALY
Aol F3F 1w P2l/collAd AASEHAT. Fx2 ol g 7] A [PBrs] v cFS wek AT
T2, 27F Fol&S N-H-Opwso T4

(& 5d). %= Geoll WAl® e} gro], zpzhe] ¢Fol
acceptor (N-H-Opiso) A& = thdd H&Foz 242t 1 vEbdTE, AR

oA a1y Axte} F7] AxLRZFE Q] 27} Fol&s Fojullth. o] 553 FAAT WESAE 1D gdAbde] A
E4E frAskE del Zgel |k, FASHA, 2,5-dnpz 27F Fol
PbBrs - (CHy),S0 T%E A3 TH(E 5b). ©] 33h=2 APLAEAC] &3+ 15 Pbeaolx AAstE AT, o] &2
1D 9 A& B7] REIXE B 3(% 6¢), (2,5-dmpz)ysPbBrs - 2((CH3)»S0) 2 (2,5-dmpz) PbBrs - (CHs),SO ZF
T2H dAAE o)zt BEHATE. Yol AFEEol, (2,5-dmpz), sPbBrs - 2((CHy),S0) A oA 27F %
o] H <QlF3 DMSO WAl ARE WA= WA (2,5-dmpz) PbBry - (CHy),S000+= 27 Fol23) o]o] dAwd

DMSO #AF(N-H-ODMSQ) ol A 2-Asb | 7] ZFA (N-H-Br)& F4Z43% ] o&) Aduoe] Y% 11 @ £ 4). o]
SItE2 e WA wgS JOoF (X b5e). old, RFATZAY HFS % 27F dol, v 4 2 F
7] 24 3¢ 243 5a3= ¢ AFeS.
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2 wd A (Le Bail refinement)& o]&3ste] Izl 7|9k HZ2H ~Jlo]Eo] 1| PXRD HI°HE F&
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of g =ut SAS VA v ZjJr—’F AN AT a) 200 em ©l8k (% 7a), b) 800 WX 1700 cm

! (% 7b), ¢) 2580 W] 3100 cm (1: 7c). Bk AFAEZHLS = ZA A 514 nm #FolA 7] (excitation)
oAl dojxitt. 3xkd HEBAFLo]Eo tigt F 7|ede €, CHNH:PbB; % CsPbBry W =718} Hl=H 2~

84cm @ (pip).PbBrs o9 75em HE FuFE WA wAF WA (Impz)PbBri, o149 125cn{1 2
(pip):PbBrs o112 135 m W= §7] Skol&o] falo]l FLEATE. 800 WA 1700 cm DBANA(E 7b),
(2,5-dnpz)o PbBrs BFEHE W (-NZ Fwe 1 (881 em ) L C-N Zo (962 em ) BRI, BE 3
ZH 7kl EE 1400em ¥ 1459cm oA C-H ZA3te] #¥ mEES BT, 2850em o9 FI4 o (E 7e)e
C-H 2 N-H 2E2H3} Bddo] rh. =, C-H = =7 AE 2963em < M= D W F A C-H
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A gd 7vE HZ2EATt0|Ee] kg 5A4S P Id=dl, 326nmm o3 7](excitation)ol| A, (pip)oPbBrei=

~403mmell Al B ¥ YA &u ¥4, 580mmel A HolE zteE §e WE 9= 2 191.30me] 2 FIHME 2,
WA = ER ] A HeE AWStE WS 3 WES JERATHE 10a). (pip)sPbsClise (pip)PbBredt e
7% S YERRA=Y, 535mmoll A Ho) WS, 152.61nm(8.12 eV)e] FWHM 2 410mmoll A &4 39} e Y&
&S BATHE 10a). (2,5-dmpz)o sPbBrs %3+ 524mmel A Hhgk 2 170.73mme) FWHMES 2t ¥ &S U
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Table 1. Crystal data and structure refinement of the piperazine based perovskites.

¥ 1

oin
]
Jm
9!

Empirical formula (pip):PbBre (pip)sPbeChs (1mpz)sPb2Briz (2,5-mpz)e.sPbBrs-2((CH3)250)
Formula weight 862.96 214571 1782.02 66128
Temperature (K) 203(2) 203(2) 203(2) 206(2)
Warelength ( 4) 0.700 0.700 0.700 0.700
Crystal system Orthorhombic Trigonal Monoclinic Monoclinic
Space group Prnm R3 P2n Plyec
Unit cell dimensions
aA 26.499(5) 15.327(2) 9.6500(19) 13.5079(3)
bA 8.4990(17) 15.327(2) 8.6450(17) 14.3779(4)
oA 9.805(2) 33.107(7) 15.562(3) 92038(3)
@, deg 80° °0° 90° 90°
B.deg 90° 00° 98.62(3)° 108.3922)°
7 deg 90° 120° %0° 90°
Volume( 47) 2208.2(8) 6736(2) 1283.6(5) 1772.36(9)
z 4 6 1 4
Density
@it Mgmy 5% 3174 2305 2478
Absorption
codlbciial( iy 12.404 15777 10673 16.507
F(000) 1568 5638 316 1216
Crystal size( mm’) 0.02x0035x007  0032x0037x0.046  0.042x0.066x0.080 0033 x0.042 x 0.054
Thetarangefordata ) 5,033 641° 1410 10 33.647° 2.006 10 33.662° 2,097 10 28.303°
collection
Index ranges 25, -17<h<16, -17<h<18,
25, S4ck< 14, 16k <19,
26126 -1221<12
Reflections collected 22313 19782
Independent 6078 16722 6168 414
reflections [Ring) = 0.1022 [R(in9) = 0.0737) [R(int) = 0.0409) [R(in) = 0.0492]
gm"“‘ tothets 10009 1000 % 952% 99.99%
e Full-marix ifﬂsl- Full-mamix l?ast- Full-matrix l?ast- Full-matrix lfm-
squares on F? squares on F? squares on F* squares on F*
Data/ restraints / — - 107 10/
. 6078 /0 /100 16722 /397255 6168/0/98 4414707150
Goodness-of-fiton F°~ 1.462 1038 1110 0633
Final R indices R1=0.0730, R1=0.0776, R1=0.0810, R1=00437,
[1>2sigma(D)] wR2 =02521 wR2 =0.2468 wR2 =0.2505 wR2=0.1255
- = R1=0.1039, R1=0.0865, R1=0.0845, R1=00681,
Rindices (all dats) WR2 = 02687 WR2 =02628 wR2=0.2580 WR2 =0.1552
Absolute structure
- 0.50(2)
Extinction coefficient  0.0011(3) 0.00202(12) 0.019(2)
h""(fm""‘“‘ 9632 md-3160 7034 md-2360 $.530 and 4277 4030 and -1.532

_12_
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X2

Table 2. Electron life time result of {pip):PbBrs, (pip):PbsClis. (1mpz)sPbaBrya, and (2.5-dmpz)o sPbBrs

perovskites from the transient photoluminescence decay analysis.

Perovskites A T1/0S Az T2/0S A T2/Is Tavg/S  Tamp/NS
{pip):PbBrs I i1 10 O 4.92 2.80 0.07 55.00 11.00 6.33
{pip)aPbsClis 7.50 0.90 0.06 24.00 1.30 3.50 447 1.45
{1mpz)sPbaBry2 4.10 8.60 0.28 T74.00 5.10 242 28.00 7.23
{2.5-mpz)o sPbBrs 398 T72.00 313 27.00 1.80 0.38 61.60 42.00

The emission decay was analyzed using the equation: I(t) = 4, exp(—t/1,) + A, exp{—t/1,) +
Az exp(—t/t3) + ., where ¥, A4;/(4; + 43 + A3 +) =1, the average lifetime, <1>, is defined by
(1) = ¥ vl /¥ A1 and Tamp is the amplitude of average lifetime.

[0091]
X 3
Table 3. The CIE coordinate (x.¥). CCT, color purity, full width at half maximm (FWHN) and the CRI
of the (piplaPbBrs, (pip):PbsClis. (lmpz)sPhoBris, and (2.5-dmpz)o sPbBr: perovskites.
CIE coordinate (x, v’ THM
Perovskites & CCT (K) FL A, b CRI
x ¥ (um) (nm)
{pip):PbBrs 0.452 0.472 32476 S80 191.30 76.80
{pip)sPbsClis 0.340 0.371 5246.0 535 152.61 90.31
{lmpz)4Pb:Brya 0.476 0.456 28104 GO0 187.62 80.36
2,5-dmpz o sPLB13 0.315 0.401 6076.5 524 170.73 74.62
[0092]
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[0093]

omn
J
Jm
Qﬂ

X 4
Compound (2,5-dmpz) Pan-tECHs]zSO¢ ‘
Empirical formula (CsN2His) PbBr:(CH:)2 S0«
Formula weight 641.25+
Temperature 203 K+
Wavelength 1.54184 Av
Crystal system Orthorhombic+
Space group Phead
Unit cell dimmensions a=18.0362(HA =907+
b=28.7005(2) A B=00°"+
c=10.8672(4) A T=290°+

Volume

Zz

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Refinement method

Data / restraints | parameters
Goodness-of-fit on F2

Final R indices [[=2s1gma(1)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

1273 20(12) Ade

8+

2.603 Mg/m3+

29,709 mm-te

2360«

0.192 = 0.054 = 0.021 mm3+
4451 to T4 405°

-23zh=21, -10<k=10, -12<1<24+
16772+

3247 [R(int) = 0.0785]~
000095 &

Full-matrix least-squares on F2#
324700 /1494

1.053+

R1=00610, wR2=0.1797+
R1=0.0631, wR2=0.1826+
n/ad

5360 and -3.801 e Ao

_14_
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=3
EH]
(a) HP
HP
I N N
H, NH, E
L/ ﬁ & ﬁ
| c
CH;
Piperazine 1-methylpiperazine Trans-2,5-dimethylpiperazine
(b) (pip) (1mpz) (2,5-dmpz)
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ZHH6
(Pip).PbBr, _ Shew (PIP)sPbClyy | Spermemal
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= (PIP),PHBr; = (PIP)PClyg
c =

= =7 !
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Raman intensity (arb. unit)

—— (pip),PbBr,

—— (pip),Pb.Cl,,
—— (impz),Pb,Br,,
—— (2,5-dmpz), PbBr,

20 40 60 80 100 120 140 160 180 200
Wavenumber (cm™)

Raman intensity (arb. unit)
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