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Table S1. Selected bond lengths (A) and angles (deg) for [MX:]* moieties at 100 K.

MCA
Sb-CI(1) 2.4091(7)  CI(1)-Sh-CI(5) 83.99(3)
Sb-CI(2) 2.8888(8)  Cl(4)-Sh-CI(5) 90.81(2)
Sb-CI(3) 2.5058(7)  CI(3)-Sh-CI(5) 171.77(2)
Sh-Cl(4) 2.4408(7)  CI(1)-Sh-CI(2) 84.03(2)
Sb-CI(5) 2.8380(8)  CI(4)-Sh-CI(2) 173.73(2)
CI(1)-Sh-Cl(4) 93.66(2)  CI(3)-Sb-CI(2) 84.74(2)
CI(1)-Sh-CI(3) 87.79(3)  CI(5)-Sb-CI(2) 94.73(2)
Cl(4)-Sh-CI(3) 89.35(2)
MBA
Sb-Br(1) 2.5823(5)  Br(1)-Sb-Br(2) 84.62(2)
Sb-Br(2) 3.0180(6)  Br(4)-Sb-Br(2) 174.85(6)
Sb-Br(3) 2.6509(5)  Br(3)-Sb-Br(2) 85.64(2)
Sb-Br(4) 2.6109(5)  Br(1)-Sb-Br(5) 84.65(2)
Sb-Br(5) 3.0489(7)  Br(4)-Sh-Br(5) 92.67(2)
Br(1)-Sb-Br(4) 94.29(2)  Br(3)-Sb-Br(5) 173.79(6)
Br(1)-Sh-Br(3) 89.34(2)  Br(2)-Sh-Br(5) 92.23(2)
Br(4)-Sh-Br(3) 89.33(2)
MBB

Bi-Br(1) 2.6853(6)  Br(3)-Bi-Br(2) 85.74(2)
Bi-Br(2) 3.0041(7)  Br(1)-Bi-Br(5) 84.20(2)
Bi-Br(3) 2.7192(6)  Br(4)-Bi-Br(5) 93.95(2)
Bi-Br(4) 2.7093(6)  Br(3)-Bi-Br(5) 173.44(2)
Bi-Br(5) 3.1124(8)  Br(2)-Bi-Br(5) 91.61(2)
Bi-Br(5)* 3.1843(7)  Br(1)-Bi-Br(5) 175.91(2)
Br(5)-Bi? 3.1844(7)  Br(4)-Bi-Br(5) 88.84(2)
Br(1)-Bi-Br(4) 95.22(2)  Br(3)-Bi-Br(5) 91.01(2)
Br(1)-Bi-Br(3) 89.57(2)  Br(2)-Bi-Br(5) 91.42(2)
Br(4)-Bi-Br(3) 88.65(2)  Br(5)-Bi-Br(5)* 95.05(2)
Br(1)-Bi-Br(2) 84.58(2)  Bi-Br(5)-Bi* 171.51(2)

Br(4)-Bi-Br(2) 174.39(2)
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MCB
Bi-CI(1) 2.5557(9)  CI(3)-Bi-CI(5)° 174.83(2)
Bi-CI(2) 2.5928(9)  CI(1)-Bi-Cl(4) 83.96(3)
Bi-CI(3) 2.6570(2)  CI(2)-Bi-Cl(4) 170.74(2)
Bi-CI(4) 2.7973(9)  CI(3)-Bi-Cl(4) 87.51(2)
Bi-CI(5) 2.9600(9)  CI(5)%-Bi-Cl(4) 89.19(3)
Bi-CI(5)® 2.7866(10)  CI(1)-Bi-CI(5) 168.74(2)
Cl(5)-Bi* 2.7866(10)  CI(2)-Bi-CI(5) 85.63(3)
CI(1)-Bi-CI(2) 87.68(3)  CI(3)-Bi-CI(5) 93.63(3)
CI(1)-Bi-CI(3) 95.35(3)  CI(5)>-Bi-CI(5) 83.26(3)
Cl(2)-Bi-CI(3) 89.31(2)  Cl(4)-Bi-CI(5) 103.24(3)
CI(1)-Bi-CI(5)* 88.26(3)  Bi*-CI(5)-Bi 170.25(3)
CI(2)-Bi-CI(5)* 94.55(3)

Symmetry transformations used to generate equivalent atoms:
1: x+1/2,-y+1/2,-z+1  2: x-1/2,-y+1/2,-z+1
3: X-1/2,-y+1/2,-z+1  4: x+1/2,-y+1/2,-7+1

Table S2. Hydrogen bonds for [NH,(C,H,),0],MX;s at 100 K.

D-H..A d(D — H) dH...A) d(D...A) <(DHA)
MCA

N(1)-H(1C)...0(1)* 0.92 2.51 3.182(2) 131
N(1)-H(1C)...C1(2) 0.92 2.67 3.336(2) 130
N(1)-H(1D)...CI(5)? 0.92 2.40 3.291(2) 162
N(2)-H(2C)...CI(2)? 0.92 2.65 3.386(2) 137
N(2)-H(2C)...CI(3)? 0.92 2.67 3.396(2) 136
N(2)-H(2D)...C1(2)* 0.92 2.34 3.172(2) 151
MBA

N(1)-H(1C)...0(1)® 0.92 2.64 3.310(2) 130
N(1)-H(1C)...Br(2) 0.92 2.73 3.414(2) 132
N(1)-H(1D)...Br(5)° 0.92 2.57 3.452(2) 161
N(2)-H(2C)...Br(2)* 0.92 2.82 3.543(2) 136
N(2)-H(2C)...Br(3)! 0.92 2.80 3.522(2) 137
N(2)-H(2D)...Br(2)° 0.92 2.52 3.321(2) 145
MBB

N(1)-H(1C)...o(1)’ 0.92 2.53 3.231(4) 133
N(1)-H(1C)...Br(2) 0.92 2.77 3.416(3) 128
N(1)-H(1D)...Br(5)>? 0.92 2.62 3.499(3) 160
N(2)-H(2C)...Br(2)® 0.92 2.92 3.627(3) 134
N(2)-H(2C)...Br(3)® 0.92 2.72 3.456(3) 137
N(2)-H(2D)...Br(2)° 0.92 2.51 3.318(3) 147
MCB

N(1)-H(1C)...0(1)® 0.92 2.64 3.260(3) 126
N(1)-H(1C)...CI(1)? 0.92 2.75 3.413(3) 130
N(1)-H(1C)...CI(3)° 0.92 2.78 3.399(3) 126

N(1)-H(1D)...0(2)° 0.92 2.03 2.862(3) 150
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N(1)-H(1D)...C1(2)° 0.92
N(2)-H(2C)...CI(3)® 0.92
N(2)-H(2C)...CI(1)° 0.92
N(2)-H(2D)...C1(4)® 0.92

2.99 3.621(3) 127
2.46 3.281(3) 149
2.88 3.450(3) 121
2.31 3.221(3) 169

Symmetry transformations used to generate equivalent atoms:

1 —x+1,y+1/2,-z+3/2
4: —x+1/2, -y+1, z-1/2
7:-x+1, y+1/2, -z+1/2
10: -x+3/2, -y+1, z+1/2

2: x+1/2, -y+1/2,-z+1
5: x+1/2, -y+3/2, -z+1
8: -x+1, y-1/2, -z+3/2

3. —x+1,y-1/2, -z+1/2
6: X +1/2, -y +1, z+1/2
9: x-1/2, -y+1/2, -z+1
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Temperature dependence of the real (a) and imaginary (b) parts of the complex electric permittivity obtained on cooling for MBB crystal.
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Figure S2. Cole-Cole plots of €” vs &” at selected temperatures obtained for MBB crystal.
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Figure S3. Topography image of MCB crystal.

Results of the Cambridge Structural Database (CSD) survey.

Table S3. Structures of halogenoantimonates(111) and halogenobismuthates(I11) containing [MXs]* units retrieved from the CSD.
Entries marked with a bolded font were used for the structural analysis of the R,MXs (R — cation, M = Bi, Sb, X = CI, Br) composition.

Refcode Empirical formula Cation Space group Anlonlfy;teructure
ACIKED (CsH1sN2)BICls H3NW\/NH§ P2:2:2, cis mode chain
H
N
AFEVEM (C2H4N3)28bC|5 . (CzH4N3)C| ( ) P2,2:2;1 cis mode chain
+
N_
H
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BOYWIV (CHgN),SbCls - (CHgN)CI HaC—NHg P2;/c cis mode chain
< \
CAIXIV (C5H12N)zBiC|5 NH, Pna2; cis mode chain
+ NH;
HaN__| o CH, _ _
ENPTCB (C5H20N4Pt)SbC|5 HaC- , + t\ /+ CH, P2:2:121 cis mode chain
HN N~
\J/
H
N
LURXEB (C2H4N3)2SbCls ( ) P2i/n cis mode chain
NN
H
\ + - -
PIPBSB (CsH12N)2SbBrs /NH2 P212:2; cis mode chain
_ \ _ .
PIPRBI (CsH12N)2BiBrs /NH2 P212:2; cis mode chain
NN
PURLIX (C12H10N)BICls - 2H,0 / \ / P2/c cis mode chain
SOWPAV (CeH1sN,)BICls HN™ S SN P2./n cis mode chain
SOWQEA (CeH1gN2)SbBrs H3N+/\/\/\/NH§ Pn2;a cis mode chain
CH,
SUXTUB (CsHw.N,)BICls H\NH; P212:2 cis mode chain
H2N+\)
H,N
YOYWOY (CHgN3)2SbCls - 2(CHgN3)CI —NH; P2./c cis mode chain
H,N
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NH,
H+
+ N
ZETGIO (CsH7N5)SbCls - H,0 HN| o \> P2:/c cis mode chain
L,
N
H
HiC deformed
GIWVUE (C5H14N)ZSbBr5 NH; Pna2; cis mode chain
HiC o~ deformed
GIWVUEO1 (C5H14N)ZSbBr5 NH; P212121 cis mode chain
Nt deformed
H4C NH
IWIJAZ (C>H3sN),SbBrs 3 3 Pbca cis mode chain
Nt deformed
H,C NH
IWIJAZ01 (C2HgN),SbBrs 3 3 Cmca cis mode chain
deformed
PERNACO02 (C4H12N)28bC|5 Pcen cis mode chain
RUJVOI (CeHsN),SbhBr Pbca deformed
ot T8TN)2 ° cis mode chain
SOYBAK (C7Ha0N305F)ShCls - H,0 P2,/ _ deformed
1 > . cis mode chain
ANILAC10 (CeHgN)2SbCls P2i/c pseudo-cis mode chain
AWOXUF (C12H18N)28bC|5 - 2H,0 ©/\©H+ Cmc2; pseUdO-CiS mode chain
2
BPCLSBO01 (C12H18N),SbCls @AO\M C2/c pseudo-cis mode chain
2
DILBUW (C,H70),SbCls HAC OH\CH3 Pnma pseudo-cis mode chain
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=
LUHVOZ (C15H15N),SbCls @H/\@ p-1 pseudo-cis mode chain
TN/ N\ - -
PYCLSBO1 (C10H10N2)SbCls HN NH Pbc2; pseudo-cis mode chain
TN N\ - -
PYCLSBO02 (C10H10N2)SbCls HN NH Pbcm pseudo-cis mode chain
H3C\
SAWJIOP (C2HgN)2SbhCls /NH; Pnma pseudo-cis mode chain
H,C
H3C\
SAWJOPO01 (C,HgN),SbCls /NHZ Pnma pseudo-cis mode chain
H3C\
SAWJOP02 (C,HgN),SbCls /NH; Pnma pseudo-cis mode chain
N\ OH
YOTBOZ (CsHNO2),SbCls - H,O HN P2./c pseudo-cis mode chain
A
— o)
7\
YOTCIU (C4H1oNO),SbCls H2N\ /o P2:2:2, pseudo-cis mode chain
T deformed pseudo-ci
N eformed pseudo-cis
MENTIJ (C4H14N2)SbC|5 y N+/\/NH\CH P21/n mode chain
3 3
T deformed pseudo-ci
N eformed pseudo-cis
MENTI1JO1 (C4H14N2)SbC|5 y N+/\/NH\CH P21/n mode chain
3 3
T deformed pseudo-ci
N eformed pseudo-cis
MENTI1J02 (C4H14N2)SbC|5 y N+/\/NH\CH P21/n mode chain
3 3
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| . deformed pseudo-cis
MENTIJO03 (C4H14N2)SbC|5 +/\/NH\ P21/n mode chain
HaN CHs
(s deformed pseudo-ci
N eformed pseudo-cis
REYFUW (C4H14N2)SbC|5 +/\/NH\ P21/C mode chain
HaN CHs
s deformed pseudo-ci
N eformed pseudo-cis
REYFUWO01 (CaH1uN2)ShCls N P2i/c mode chain
HaN CHs
(s deformed pseudo-ci
" eformed pseudo-cis
REYFUWO02 (CaH1aN2)ShCls N P2i/c mode chain
HaN CHs
s deformed pseudo-ci
N eformed pseudo-cis
REYFUWO03 (C4H14N2)SbCls +/\/NH\ P2i/c mode chain
HaN CHs
(s deformed pseudo-ci
" eformed pseudo-cis
REYFUWO04 (C4H14N2)SbCls +/\/NH\ P2i/c mode chain
HaN CHs
ne” > Saet deformed
PERNAC (C4H12N)2SbCls 3 3 Peen pseudo-cis mode chain
e O S disordered
PERNACO1 (C4H12N)2SbCls 3 3 bam cis mode chain
H, H,
N N
MADGUU (C10H10N2)ShCls /N N P24/c atypical cis mode chain
H+
N
QAFHUB (C3Hs5N,)2SbCls §\ \> Pbcn atypical cis mode chain
N
H
H+
N
[1] (C3Hs5N,)2SbCls §\ \> Pna2; atypical cis mode chain
N
H
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H+
[1] (C3H5N2)2SbCls i\ \v Pbcn atypical cis mode chain
N
H
i
REGYIL HsN I S + 2 atypical cis mode chain
G (Cz 8 OS)zst 5 H3C/ | QNHZ C2/c YpI | |
H,C
; —
[2] (C12H14N2)BIBrs ch—NC\>—©N+—CH3 P2i/c trans mode chain
; —
[2] (C12H14N2)BIBTrs HaC—N’ N \ /N+—CH3 P2, trans mode chain
H+
—N disordered
FORYUH (C4HsN,S),SbBrs <\ />7SH P21/n e i
N
CH
BOMQUP (CaH1N),ShCl [ - P2,2,2 pseudo-trans mode
4H12N)2 5 H3C/NHVCH3 lelel chain
H+
N cl
CLPYSB (CsHsNCI),SbBrs | Pa pse“doég;ﬂs mode
Z
Qo
Pl isolated, interaction
LUWZIM (C26H24Cl2P2)SbCls N P-1 with cation
C (&
Cl
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TEDVED (CgH20N)2SbCls N—\ P4/mnc isolated

TEDVEDO1 (CgH20N)2SbCls N—\ Pcnn isolated

H,N \ P : . .
I\ isolated, interaction
TEZSIA (CrHzsN5CICr)SbCls - j Pbca ot e

NH
TEZSOG | (C11H31NsCICr)SbCls - H30CI - H,0 ATV Cc isolated
H3C£YJ

NH2
CHj
+ isolated, close to
DAKWIW (CHgN),SbCls - (CsHsN)CI - H,0 @—NHs P-1 LYo unit
+ isolated, close to
DAKWIWO01 (CeHgN)2ShCls - (C¢HgN)CI - H,0O @—NHa P-1 MoXoo® Uit
H+
N

isolated, close to
FOTTUE . \>_O P2./c I1SO ,» ClOSE
(C12H11N3)SbCls - H,0 ©:N \_( 1 M,X 10" unit
H
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SONL N isolated, close to
PYCLSB (CloHloNz)SbC|5 HN\:>_QNH P-1 M2X104. unit
VAVRIT (CaHaNa)ShCls HoN /\/\NH3 P2.Jc |solated,£Ios§ to
M>X10" unit
i isolated, close to
VIKCUO (CeHgN),SbCls HN\\/:/>-CH3 P-1 MoXoo® unit
+ + i
XISDOT (CsH1eN)ShCls - H,0 HNT NHICH, P2,/c isolated, close to
M>X10" unit
Q\P W WHQ isolated, close to
YIVLIZ (C19H15N5)SbCls y | N \ P-1 MoXoo* unit
=
NH,
N N isolated, close to
ZETGOU (CsHgNis),2SbCls - H,0 N\ P-1 e
| M>X10 Unit
N© N
H
+ \ + -
CASPES (C4H12N2)28i2C|lo - 3H,0 H,N NH, C2/c M2X104_ unit
COJXAA (CzHgN)4Sb2C|1o . 2(C2H8N)C| H3C/\NH; P-1 M2X104_ unit
Nt .
COJXAAO01 (CzHgN)4Sb2C|10 . Z(CzHgN)C:' H3C NH3 P-1 M2X104_ unit
S/CHz
CUMPAB (C2H10N4S)2BioClyg - 4H,0 N i P-1 M,X10" unit
SISNHT YR
DEWKUM (CsHgN)4Sh,Clyg - 2(C3HgN)CI ch/\/NHs P-1 M2X10" unit
PEWIRUMOL T (CaHaN)aSboClio - 2(CaHsN)C e S P-1 MzXao™ unit

11
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H+
N
IBENAF (CloHloN)4Sb2C|1o @ C2/m M2X104_ unit
=
HsC
/
IDOKIW (CloHloNz)zBizBrlo HN \ / \NH+ P-1 M2X104- unit
JIVZAP (C2H10N,),BizClyg - 4H,0 P2;/n M,X10" unit
JUFKEA (C2HsN4S)4Bi2Bryg P-1 M,X10* unit
(C17H22N303F)2BiClyg - 4.
MODBIR 2/m M, X n
° 2(C17H2N305F)CI - 8H,0 c2 2% UNIt
F
o|H+
POWREZ (012H11N3)28i2C|10 - 2H,0 (ji \>—@ P2./c M2X104- unit
k ’
QESSOX (C12H13N)4Bi2C|10 - 2H,0 ©A©H+ P2./c M2X104- unit
2
QQQGRV01 (CsHsN)4Sb,Br o HN+\ y CH, P-1 M,X10" unit
RAGPAR (C7H1oN)4Sb,Cly HN+\ y P4,2,2 M,X10" unit
CHsy

12
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NH, CHy
RIHLAV (C12H18N4OS)zsb2C|lo JL)Y@’\, P-1 |\/|2X104_ unit
HaC N S on
H
H+
N
RIZBEH (CgHgN)4Bi2C|lo P-1 M2X104- unit
=
_ HNZ P
RIZBIL (CgHgN)4BI2C|10 - 2H,0 ~ | Cmca M2X1o  unit
OH
H+
(CoHgNO)4Bi»Clyo - P
SIWzZUU (CoHsNO)(BiClsH,0) - 6H,0 C2/c M2X10" Unit
VIZFAM (C3H5N2)4BizBr10 - 2H,0 C2/m M2X104- unit
WAVZUP (CsH14N2)2Bi2Clyo - 2H,0 P2:/n M2X10" unit
XANKAZ (C15H19N303F)4Bi2C|10 - 8H,0 C2/m M2X104_ unit
XERLIP (CloHloNz)zBi2C|lo P-1 M2X104_ unit
ZIKFUU (C2HgN)4Bi,Clyg P2./c MyX10" unit

13
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PUQSAW (CsHsNBr)4Sb,Brg HN+\ Br P-1 MyX10" unit
H
N
PURLOD (C10H10N2)4Bi4C|20 / \ / \ P21/C M4X208'unit
_ NF=
H
H
N
PURLODO1 (C10H10N2)4Bi4C|20 / \ / \ P21/C M4X208'unit
_ Nf=
H
H
N
CEFNIK (C1oH10N2)4SbaClao /NN P2./c MaXoc® unit
_ NF=
H
+/ \ +/ 8- .
MADHAB (C10H10N2)4Sb4C|20 HN N P21/C M4X20 unit
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