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I'6puani opraniyHo-HeopraHiuHi nepoBckitTh ABX3 3a3Buuail MicTsATh opraHiyHuid KaTioH A i
HEOpraHiyHy MaTpuIlo, chopMoBaHy 3 KOOpAWHAIIMHUX oKkTaeapiB [BXe], me B — meram, a X —
ranoreH. [Iporno3yBaHHs yTBOpeHHS T1OPHIHUX MEPOBCKITHUX (a3 i MOJEMIOBaHHS X CTPYKTYPHHUX
napamMeTpiB BuMmarae 0a30BUX 3HaHb Npo e(ekTuBHI po3Mipu (i0HHI paAiycH) CKIaJOBHX
KOMIIOHCHTIB; OJ[HaK, paHillle 3alpOIIOHOBAHUN MiIXill B OI[HIN €()EKTUBHOTO 10HHOTO paaiycCy
KOHKPETHOTO OPraHi4YHOTO KaTiOHy A Ha OCHOBI HOTO MOJEKYJSpHOI TreoMmerpii, BOYEBHIb, HE
BIJINIOBI/Ia€ MOJICIi )KOPCTKHUX cdep, B paMKax sKoi 0yJsio po3po0IeHO NepeBa)xKHy OUIBIIICTE CUCTEM
10HHUX PafiyCiB 1 TOJOBHI KpUTEPIii OLIIHKK CTa01ILHOCTI IEPOBCKITHUX CTPYKTYP.

Jlnst He3ame)KHOT OIIHKK e(eKTUBHOTO i0HHOTO pajiycy metmwiamoniro CH3NHs®, o BxoauTs
0 CKIaAy HHU3KA TMEPOBCKITHUX CTPYKTYp, 3 BUKOPHCTaHHSAM IiHIHHOTO OaratodakTopHOTO
perpeciiiHoro anamizy OyJio po3po0JCHO CXEMy MOJCIIOBAHHS IMapaMeTpy IPaTKH TaJlOTeHITHUX
KyOiuHMX TIepoBCKiTiB ABX3, BUXOAsUM 3 epeKTUBHUX 10HHUX PalliyCciB HEOPTaHIYHIX KOMITOHEHTIB 3
BiJIIOBITHUMH TSI TIEPOBCKITIB KOOPAWHAIIMHIMH YHCIaMH. BUKOPHUCTOBYIOUHM 3HAWACHY TIPSIMY i
o0epHEeHY KOpeIsiiiHy 3aJIe)KHICTh MiX e(QEeKTHBHUM 10HHMM pajiycoM KaTioHy A i mapameTpom
KyOI4HOT IpaTKH MEPOBCKITY, a TAKOK YHCIIOBI IaH] TapaMeTpiB I'PaTKU BiAOMHX KyOiYHUX TiOpHIHHX
neposckiTHux (a3 (CHsNH3)PbCls i (CH3NH3)PbBrs, BenuumnHy e(eKTHBHOTO iOHHOTO paaiycy
metunamonito CHsNHs* 6ymo snepure onineno sx ~1.9 A, mo cyTTeBo Biapi3HAETHCS Bil BETHYHHU
2.17 A, onepsxaHOi B paMKaX HiZX0y, IO 6a3yBaBcs HA MOJIEKYIISPHiii reoMeTpil.

KuarouoBi ciioBa: kprucTaniyHa CTpyKTypa; TIOpHIHI IEpOBCKITH; 10HHUI paiyc.

[TpoTAroM KiIbKOX OCTaHHIX JECSITUPIY MEPOBCKITHUMH (a3amH, BUTIISIAE Oe3MepeyHo
po3po0Ka METOMIB  OJACpKaHHA TiOPUIHUX  aKTyaJbHHM i MEPCIIEKTUBHUM.
OpraHi4HO-HEOpraHiYHUX MaTepialliB ciMelcTBa OCKiNbKM ~ TPOTHO3YBAaHHS ~ YTBOPEHHS
MIEPOBCKITY Ta BceOiuHE JOCTiHKeHHs Pi3HuHIX riOpHIHUX EPOBCKITHUX (a3 i MOJEIOBaHHS iX
BJIACTUBOCTEH TaKWX MarepialiB CTajld OAHMMH  CTPYKTYpHHX TMapaMeTpiB BHMarae 0a30BHX
3 TIPIOPUTETHUX HATIPSIMKIB PO3BUTKY CY4acHOTO 3HaHp MPO epeKTUBHI po3Mmipu (i0HHI pajiycH)
Matepiano3HaBctBa [1-3]. ['iOpumHi mepoBcKiTH CKIIQJIOBUX KOMIIOHEHTiB, y pobOoti [4] Oyio
ABX3 3a3Buuaii MIiCTATh KPYIHHH OpraHiYHUN 3alPOMOHOBAHO TiJIXiJ| JUIS OLIHKH e()eKTUBHHX
KaTioH A 1 HeopraHiuHy MaTpuito, chOpMOBaHy  1OHHHX pajiyciB oOpraHiyHMX KaTioHiB. Tak,
3 KoopauHaIiHuX oktaeapiB [BXe] (Puc. 1), me e(heKTUBHUHN pajiiyc MOJIEKYISIPHOTO KaTioHa A
B — meran, a X — ranoren. Take noeananns  (*ra) pospaxosysascs sk cyma (i) Biacrani Bix
CTPYKTYpPHUX KOMIIOHEHTIiB TEpPOBCKITHUX (a3 HEHTPY Baru ("Mr) MOJIEKYJIH b1 (6]
JI03BOJISIE  3NIMCHIOBAaTM TOHKE pEryJIOBaHHS  HaWBIAZAJICHIIIOrO aToma M€l MOJIEKYIH 3a
BJIACTUBOCTEW MatepialiB IUIIXOM Moau(dikaiii  BHHATKOM aTOMiB rigporeny Ta (ii) epeKTHBHOTO

OpraHiYHOTO KaTiOHY MPH 30€pPEKEeHH] TOIOOTTT ionnoro paziycy (“°'r) HaiiBigganenimoro atomy
CTIMKOI MEePOBCKITHOI KPUCTAJIIYHOI CTPYKTYpu.  MOJeKyiIH. HamiliHiCTh 3amporOHOBaHOI CXEMHU
BpaxoByoun CTpyKTypHE, CTeXiOMETpHYHE K  OLIHKH e(QEeKTHBHUX paAiyCiB BHIIE3raJlaHUX
ximigne [1-3] po3MaiTTs npeacTaBHUKIB POTHHU KaTiOHIB BUMarae Bepudikailii 3 BAKOPUCTaHHSM

NEPOBCKITY, MOJANBIIMKA PO3BUTOK HANpPsSMKYy  HE3aJIEKHOI PO3paxyHKOBOI CXEMH, OJJHAK TaKOi
MaTepiajlo3HaBCTBa, MOB’SI3aHOTO 3 T1OPUIHUMHU Bepu(ikalii He IPOBOANIOCE.
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Buxoznsuu 3 BUILE3ragaHoro, METow Ii€i
poOoTH CTaB po3paxyHOK e€(EeKTUBHOTO 10HHOTO
paniycy mermiamonito CH3NHs™ (orineHoro B
217A [4]) B macmTabi cucTeMH iOHHHX
paniyciB lllennona [5], mo HaWOLIBII MIMPOKO
3aCTOCOBYETBCS B CydacHOMY Marepiajo-
3HABCTBi, 1 MOPIBHAHHS OAEP)KAHOI BEJTMYUHHU 3
JTAaHUMH poboTH [4].

Puc. 1. Kapkac koopaunaniitaux okraeapis [BXs] (me
B — merain, X — ranoreH) y nepoBCKiTHIH CTPyKTypi
ABXa3. Heopraniuni abo opraniuti kationu A (Ha
PHCYHKY He ITOKa3aHi) pO3MILIYIOThCS B TyCTOTAaX
Mix okraeapamu [BXe].

Y po6orTi [6] 3 BUKOpUCTaHHAM JiHIHHOTO
OaratodakTopHOro perpeciiiHoro aHamizy |[7]
O0yJ0 po3po0JieHO CXeMy JiJIsi MOJIEIIOBaHHS
napaMeTpy IpaTku KyOiuHuX nepoBckitiB ABXs,
BUXO/ISIYM 3 OKTaeqPUYHHUX (PO3paxOBaHMX IS
KoopauHamiHoro uyucia KY=6 [5]) ioHHHX
paxaiyciB komnoHeHTiB A, B 1 X 3a lllenHoHOM.
Taka cxema J103BOJSIE OILIHIOBATH €(EKTUBHUIA
I0HHHMI paJliyc OJHOTO 3 KOMIIOHEHTIB Y
Maciitabi cucremu pagiyciB lllennona [5] 3a
YMOBH, IO IHII pajiycHl i mapameTp IpaTKu
BiIOMI.

3 MeTow BH3HAYCHHS e(EeKTUBHOTO
10HHOTO PajilyCy METHIIAMOHII0, 3aIIpONIOHOBaHA
B [6] cxema Oyna MoaudikoBaHa HACTYIHUM
yHOM. [lo-nepuse, OCKIIbKHM TIOPUIHI OKCHJIHI
MEPOBCKITH HE yTBOPIOIOTHCS, CTPYKTYpHI JaHi
pobotu [6] Oynu oOMexeHi ramoreHimamu. [lo-
Opyee, BPaxOBYIOUM peajJbHE KOOpAMHALHE
gcno kartioniB A (KY=12), Oyno 3ailicHeHO
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nepepaxyHoK JIiHIHHOT MOZIETIi 3 BUKOPUCTAHHSAM
BiJIIOBITHUX 10HHUX PaJliyCiB KaTiOHIB, 3 IKUMHU
TTOBHHEH ITOPIBHIOBATUCH pO3paxoBaHuil B [4]
1I0HHMH pajiyc MeTHJIaMOHi0. Y pe3ynbTarti
po3paxyHKiB Oylno onepikaHy IiHIHHY MOZeNb
3aNIe)KHOCTI TMapaMeTpy IpaTKu a KyOidHOTro
MEPOBCKITY B 10HHMX paliyciB KaTioHy A 3
KUY=12 (*ra), kationy B 3 KU=6 (°rg) i aniony X
3 KU=6 (°ry) [R? = 0.99992]:

a=0.42425-"2rp + 1.33050-°rg + 1.80961-°r.

UucnoBi koedillieHTH O  CHMBOJIB
I0HHUX pajiyciB BimoOpakaloTh CTAaTHCTUYHO
O4iKyBaHy 3MiHY (KOpEJIiHY 3alIe)KHICTh)
¢yHKUii BiAryky (y LbOMY BUMAIKy IapameTpy
IpaTkl a) y BIANOBiAb HA OJAWHWUYHY 3MiHY
KOHKPETHOI He3aJeKHOi 3MiHHOiI (KOHKPETHOTO

IOHHOTO  pajiyCy) TMpH  CTaJOCTI  IHIIMX
HE3JIeKHUX 3MIHHUX (IHIIMX 10HHHX pajiyciB).
3HalileHy  KOpeNAIliiiHy  3aJeXHICTh MK

BIZITYKOM 1 HE3QJIC)KHOIO 3MIHHOIO MOYKHA TaKOXK
BUKOPUCTOBYBAaTH Y 3BOPOTHOMY HAaIIPsAMKY,
SKIIIO BIATYK Ta iHII He3aJeXKHi 3MiHHI BiJJOMI.

Taxk, 30kpeMa, eeKTUBHUHA 10HHUH paaiyc
kariony A (Y’ra) MoxkHa pospaxyBaTh 3a
dhopmyIior0:

rp=(a—1.33050-5rg — 1.80961-°rx)/0.42425.

3 BennuMH e(pEeKTHBHUX 1OHHUX DPajiyciB
[llennona i 3 mapaMeTpiB IpaTkH, 3adikcoBaHUX
MpH KiIMHATHIA TeMmmepatypi # HOpMallbHOMY
THUCKY Ui KyOiYHUX TiOpHIHUX TEPOBCKITHUX
(ba3 (CHsNHs)PbCls i (CHsNHg,)Pbes (568A
ta 5.92A BignosimHo [8,9]) i3 nosnum
OpIEHTAIIMHAM PO3YHOPSAKYBaHHSAM KaTiOHIB
CHsNHs*, Benmuunny r, e¢(DeKTHMBHOI0 10HHOTO
paniycy Metmnamonito s KY=12 omineHo y
~1.9 A, mo 3Ha4HO BIJIPI3HSAETHCA Bijl BETHUYNHU
2.17 A, opepxanoi B poboti [4]. BoueBuns,
cXeMa OI[iHKH paJliyciB OpraHiYHMUX KaTIiOHIB,
3amporoHoBaHa B pobOoTi [4], He A0 KiHIA
BiJITIOBi/Ia€ MO >KOPCTKUX cep, B paMKax
K01 OyJo po3poOiieHO MepeBaKHy OUIBIIICTh
CHUCTEeM 10HHHUX pajiyciB [5] i romoBHI KpuTepii
OIIIHKH CTa01IEHOCTI TIEPOBCKITHUX CTPYKTYP.

[HmMu cioBamu, eeKT, CTBOPIOBAHHI
katioHamu metmiamoHito CHsNHs™ B ctpykTtypi
riOpuIHNX TEPOBCKITIB, BiAMOBiNAE eQeKTy
KopcTKoi cepu pagiycom ~1.9 A; Tox cucrema
pamiyciB, 3amporoHoBaHa B poOotri [4] mus
OpraHiyHUX KaTiOHIB, IMOBIPHO, MOTpeOye
JESIKOTO Teperisiy ado YTOYHEHHS 100 YMOB
BUKOPUCTAHHS.
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Ille onHi€l0 3 TPUYMH BUIIE3raJaHOI
HEBIMOBITHOCTI BEJNWYMH 10HHUX PaiyciB
MoOJke OyTH 3HaYHE BiIXWICHHS muny XiMIYHOTO
3B’s13Ky B nepoBckiTHUX (azax (CH3NH3)PbCls i
(CH3NH3)PbBr; Bim ionHoro — 3a paxyHOK
3pOCTaHHS KOBaJICHTHOI Ta/abo MeTamigHol
CKJIaJIOBOI.
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Hybrid organic-inorganic perovskites ABXs usually contain an organic cation A and an inorganic
matrix formed from coordination octahedra [BXe], where B is a metal and X is a halogen. Predicting
the formation of hybrid perovskite phases and modeling their structural parameters requires basic
knowledge of the effective sizes (ionic radii) of the constituent components; however, the previously
proposed approach to estimate the effective ionic radius of a particular organic cation A based on its
molecular geometry apparently does not correspond to the hard spheres model, within the framework
of which the vast majority of ionic radii systems and the main criteria for assessing the stability of
perovskite structures were developed.

To independently estimate the effective ionic radius of methylammonium CHsNHs*, which is a
component of a number of perovskite structures, a scheme for modeling the lattice parameter of halide
cubic perovskites ABX; was developed by using multiple linear regression analysis based on the
effective ionic radii of inorganic components with the corresponding coordination numbers intrinsic
for perovskites. Using the found direct and inverse correlations between the effective ionic radius of
the cation A and the cubic lattice parameter of perovskite, as well as numerical data of the lattice
parameters of the known cubic hybrid perovskite phases (CHsNH3)PbCls and (CHsNH3)PbBrs, the
value of the effective ionic radius of methylammonium CH3sNH;* was first estimated as ~1.9 A, which
is significantly different from the value of 2.17 A obtained within the framework of the approach
based on the molecular geometry.

Keywords: crystal structure; hybrid perovskites; ionic radius.
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