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Abstract: A series of nine (lead(ll) halogenide)—bis(3-halopyridine) complexes (halogen = Cl, Br I) have been prepared and studied by diffraction
methods. For six of them their crystal and molecular structures were determined by single crystal diffraction. The compounds were found to
crystallise as two structural types — the majority (8) constitute an isostructural monoclinic (P21/n) series of with unit cell parameters 4.14 A < a
<447 R;1519A<b<16.15A; 11.37 A<c<11.76 A; 92.1° < 8 < 94.1°, while one (PbClx(3lpy)) was triclinic (P-1) with unit cell volume being
approximately half of that of the monoclinic series. All the compounds were found to comprise [PbX2(3X'py)2]» chains with pairs of halogenide
jons bridging between lead ions, which are overall coordinated by four coplanar halogenide ions and a pair of pyridine ligands in an octahedral
coordination. The difference between the two structural types lies in different packing of the chains, affording different halogen bonding
patterns. In all structures the halogen substituents on the pyridine ligands act as halogen bond donors and halogenide anions as acceptors.
However, in the monoclinic series each chain interconnects with four neighbours, while in the triclinic with only two, also allowing for a closer
approach of the donor and the acceptor atoms. Computational study of molecular electrostatic potential on chain fragments has shown that
the triclinic structure is favoured in cases when the halogen bond donor with the most positive o-hole (iodopyridine), and the best acceptors

with the most negative MEP (chloride and bromide) are present.
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INTRODUCTION

T HE term morphotropism (or morphotropy
(Morphotropie)) was originally introduced into
crystallography by P. H. von Groth in 1870 to denote the
effect a small change of chemical composition (such as
substitution of one atom by another atom or a functional
group) will affect the morphology of the crystals of the
corresponding substances.!] In his seminal 1955 Organic
crystallochemistryl?] A, 1. Kitaigorodsky introduced the term
morphotropic step in order to denote occurrences of
considerable change in crystal structure upon a small
change of the molecular structure (such as replacing one
halogen or chalcogen atom in a molecule with its neighbour
in the group) as opposed to isomorphism, when the crystal
structure is retained. A detailed analysis of numerous

instances of such morphotropic steps occurring in series of
crystal structures of molecular solids by A. Kalman, has
shown that the abrupt change of the structure occurs
through a non-crystallographic rotation of their basic
(hydrogen-bonded) motifs, such as dimers, helices, ribbons
etc., whereupon the basic motif is preserved.3-6]

A group of solids of particular interest for study iso-
morphism and morphotropism are halogen-bonded (XB)
materials.l”-15] On the one hand, replacement of one halo-
gen with another is likely to lead to isomorphous crystals,
while on the other morphotropic step is likely to be directly
caused by the change of the halogen bond energy (provid-
ing the interchanged halogen atom acts as a halogen bond
donor). Particularly interesting are the cases where both
the XB donor and acceptor atoms are halogens, and can
thus be varied in a series of compounds. Thus it has been
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demonstrated that in 3-halogenopyridinium tetrahaloge-
nometalates the structure type is dependent on both the
hydrogen and the halogen bond strength.[16] Similarly, it
has been shown that the proclivity toward formation of
isomorphous structures among halogenopyridinium
halogenides (halogen = Cl, Br, 1) depends on position of the
halogen on the pyridine ring.[17-20]

We have recently demonstrated that in a series of 14
N-(4-halobenzyl)-3-halopyridinium halogenides only two
structural types exist,21] with the morphotropic step being
induced by halogen bond. The donor-acceptor combinations
yielding stronger halogen bonds forming one isostructural
series, and those yielding weaker bonds the other, as well as
that cocrystallization of these N-(4-halobenzyl)-3-ha-
lopyridinium halogenides with a neutral halogen bond donor
leads to a large increase of morphotropic steps in the series
of cocrystals.[??] In the present study, we have endeavoured
to study the effect of halogen bond on morphotropism of
coordination polymers in a series of lead(Il) halogenide com-
plexes with 3-halopyridines (halogen = Cl, Br, 1).[23]

EXPERIMENTAL PROCEDURE

General Synthetic Procedure for

Synthesis of [PbX2(3X'py):21n
The lead(ll) halogenide salt is added to water and the
mixture is heated under reflux conditions until the salt
dissolves. In case trace amounts of the starting salt remain
undissolved they are removed via filtration and 1 mL of
water is added to the filtrate which is heated again until a
clear solution is obtained. The lead salt solution is removed
from the heater and an ethanol solution of 3-halopyridine
is added to it. Crystals of products form upon cooling of the
reaction mixture. Details for specific compounds can be
found in ESI.

Powder X-ray Diffraction Experiments
(PXRD)

PXRD experiments were performed on a Panalytical
Empyrean diffractometer equipped with CuKal (A = 1.54056
A) radiation source at 40 mA and 45 kV and PIXcel3D detector
in reflection mode. The angular range was from 4 to 40° (26)
with steps of 0.026°, and the measuring time was 0.13 s per
step. Data collection and analysis was performed using the
program package Data Viewer.[24]

Single crystal X-ray Diffraction
Experiments (SCXRD)

The crystal and molecular structures of the prepared
cocrystals were determined by single crystal X-ray
diffraction. Diffraction measurements were made on
Rigaku Synergy XtaLAB X-ray diffractometer with graphite-

monochromated MoKa (A = 0.71073A) radiation. The data
sets were collected using the w scan mode over the 26
range up to 64°. Programs CrysAlis CCD, CrysAlis RED and
CrysAlisPro were employed for data collection, cell refine-
ment, and data reduction.[25-26] Absorption correction was
performed using the multi-scan method. The structures
were solved by direct methods and refined using the
SHELXS, SHELXT, and SHELXL programs, respectively.[27-28]

The structural refinement was performed on F2 using
all data. Hydrogen atoms were placed in calculated positions
and treated as riding on their parent atoms. All calculations
were performed using the WINGX crystallographic suite of
programs.l2?l The molecular structures of compounds and
their molecular packing projections were prepared by
Mercury.B% Some of the samples have shown signs of
degradation even under low (170 K) temperature. This was
particularly pronounced in (PbCly(3Clpy),, which could not be
measured at all, and this was a probable contributing factor
for the rather low data quality (PbBrz(3Clpy)2, PbBra(3Brpy),,
PbBry(3Ipy),, and PbCly(3Brpy)z). This has an unfortunate
consequence of rendering detailed discussion of the
corresponding structures unjustified and the structural
description of the monoclinic series is based on Pbl,(31py)2)
which formed the most stable crystals, and therefore yielded
the best structural data (with R = 1.41 %). Crystallographic
information files are available from the Cambridge
Crystallographic Data Center (CCDC) upon request
(http://www.ccdc.cam.ac.uk, CCDC deposition numbers
2500572-2500577).

Computational Details

All calculations were performed using Gaussian 16 software
package.3! Single point calculations on polymer frag-
ments generated in Mercury3% were performed using
B3LYP/def2-TZVP level of theory,32-33] with ultrafine inte-
gration grid (99 radial shells and 590 points per shell). Fig-
ures of molecular electrostatic potential mapped to the
isodensity curves of polymer fragments were prepared
using GaussView.34

RESULTS AND DISCUSSION

A systematic screening of complexes was performed by
crystallisation from solution. In all nine combinations
the appearance of the product was detected. The
powder diffraction patterns of the products (Figure 1) also
show that 8 products (PbCly(3Clpy);, PbCly(3Brpy),,
PbBr(3Clpy)2, PbBra(3Brpy)z, Pbla(3Clpy);, Pblx(3Brpy),,
PbBr,(3Ipy)2 and Pbly(3lpy),) are apparently isostructural,
as the positions of the diffraction maxima in their
corresponding diffraction patterns are almost identical,
and PbCly(3Ipy). has evidently a different diffraction
pattern, indicating a different structure.
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Out of the 9 compounds in the series, six were also
obtained as single crystals, albeit four of them
(PbBr;(3Clpy),, PbBr»(3Brpy),, PbBry(3Ipy),, and
PbCly(3Brpy),) yielded crystals of rather poor quality, re-
sulting in poor quality of diffraction data. The data quality
however was sufficient to prove the presumed existence of
two distinct structural types. The measured single
crystals of PbCly(3Brpy),, PbBrz(3Clpy)z, PbBra(3Brpy),,
PbBr,(3Brpy),, and Pbl,(3Ipy). were found to be monoclinic
(P21/n) with almost identical unit cell parameters (4.14 A <
a<447A;1519A<b<16.15A; 1137 A< c<11.76 A;
92.1° < < 94.1°). The unit cell volume, as well as the lattice
parameters a, b and ¢, increase monotonously with the in-
crease of the halogen atoms present in the system, with the
a parameter being primarily dependent on the halogenide
anion, and b and c depending both on the halogenide anion
and the halogen substituent on the pyridine ring (Figure 2).
PbCly(3lpy)2 on the other hand was found to be triclinic
(P-1), the unit cell volume being approximately half of that
of the monoclinic series (380.77(6) A3), but with the a
parameter (4.1872(3) A) very similar to that of the
monoclinic PbCly(3Brpy), (4.1496(3) A).

All the crystal structures comprise polymeric chains
with pairs of halogenide anions bridging between
neighbouring lead cations (Figure 3). The lead cation is in
the centre of a distorted octahedron comprising four
coplanar halogenide anions, and two pyridine nitrogen
atoms positioned equidistantly above and below the mean
plane of the (PbX3), chain. The halogenide anions form
slightly distorted squares with one pair of Pb—X somewhat
longer (by ca 0.01-0.03 A) than the other, and the X1-Pb—
X2 coordination angles generally in the range 90-93°. The
Pb—X bond length follow the differences in the radii of the
halogens: Pb—Cl bonds are expectedly the shortest (2.85—
2.89 A), followed by Pb—Br bonds (2.99-3.04 A), with Pb-
bonds being the longest (ca 3.20 A). The Pb—N bond lengths
seem to be mostly independent both on the halogenide
bridging the lead atoms and the halogen substituent on the
pyridine ring being always in the 2.65-2.86 A range. Also,
there does not seem to be any considerable effect of the
pyridine substituent on the coordination geometry of the
lead(ll) cation (Table 1). The planes of the pyridine rings are
at approximately right angles (ca 83-86° in the monoclinic
structures, and 89.4° in PbCl,(3Ipy)2) to the mean plane of
the (PbX;), chain. In both structural types the chains extend
along the crystallographic a axis, so that the a parameter
corresponds to the in-chain distance between the lead
atoms (Figure 2b). This explains both the dependence of
the a parameter on the halogenide anion — as the in-chain
distance between lead atoms is primarily dependent on the
radii of the bridging halogenide anions — and the similarity
of respective a parameters in PbCly(3lpy). and
PbCly(3Brpy),, since in both cases the in-chain distance

between lead atoms is determined by the bridging chloride
ions.

While the configuration of the [PbX3(3X'py).]n chains
in the two structural types is almost identical, the
structures differ in their orientation and assembly in space.
In the triclinic PbCl;(31py); all the chains have the same ori-
entation and are related by simple lattice translations,
whereas in the monoclinic series the chains alternate in two

[PbCl,(3-Brpy),],

MJ‘ Pth_ﬁ \ A

[Pbl,(3-Brpy).l,
N I

[PbCly(3-Ipy),],

[PbBr,(3-Ipy),]
[Pbl,(3-Ipy),],
T T T T T T T T I T T T T
5 10 15 20 25 30 35
2Theta (°)

Figure 1. Powder diffraction patterns (CuKal (A = 1.54056
A) radiation) of the products obtained by crystallisation of
lead(ll) halogenides with 3-halopyridines.
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Figure 2. The trends in the change of the main features of
the PbX,(3X'py), structures (both the monoclinic series
(black bordered circles) and the triclinic PbCl,(3Ipy), (thick
green border)) with changing the halogenides (X and X’): a)
The b and c unit cell parameters (for PbCly(3lpy), the b” and
¢’ supercell parameters are shown, see Figure 4 below for
definition); b) The distances between lead atoms —in-chain
distance (identical to the a unit cell parameter) and
interchain distance.
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orientations related by the crystallographic glide planes of
the space group. The two structural types are closely
related: the unit cell of the monoclinic series corresponds
to a ‘base-centered’ supercell of double volume of the tri-
clinic structure (Figure 4), with supercell parameters a =
4187 A; b’ =14.777 A; ¢’ = 12,619 A; = 101.2° (Figure 1).
The morphotropic step transforming the triclinic into the
monoclinic structural type can therefore be seen as rota-
tion of every alternate chain about a twofold axis parallel
to the b’ of the triclinic supercell.

This rotation is related to a considerable difference
in the halogen-bonded contacts between the chains. In
both types of the structures each halogen atom of the
halopyridine ligands acts as a donor of a halogen bond to a
bridging halogenide, and each bridging halogenide is an
acceptor of a halogen bond (Table 2). In PbClx(31py),, each
chain is halogen-bonded to two neighbours along the b
axis, forming a centrosymmetric halogen bond motif where
the same chain acts both as a halogen donor and the

Figure 3. Fragments of the [PbXy(3X'py)2]s chains in crystal
structures of a) Pbly(3lpy), (a representative of the
monoclinic  isostructural series) and b) (triclinic)
PbCl,(3lpy)2. Chains are propagated in the direction of the
crystallographic g axis.

halogen acceptor to its two neighbours. In the monoclinic
series, however, the alternating orientation of the chains
leads to a 3D interconnected structure where a coordina-
tive chain acts as a halogen bond donor to two closest
neighbours and an acceptor to other two. As the result, all
the inter-chain distances in the crystals of the monoclinic
series are identical and increase regularly with the size of
the halogen atoms in contact. In the triclinic structure how-
ever, there are two distinct types of interchain contacts,
reflected in two different interchain distances — along the b
axis the halogen bonded chains are considerably closer to
one another than those in the monoclinic series, while along
the ¢ axis where only weak interactions are present, the
interchain distances are considerably longer (Figure 2b).

Figure 4. Packing of [PbX2(3X'py)2]n chains and halogen
bonds between them in: a), c) Pbly(3lpy), (a representative
of the monoclinic isostructural series) and b), d) (the
triclinic) PbCl,(3lpy)2; a) and b) a view along the direction of
the chains (the crystallographic a axis), with the
construction of a supercell in b) which interconnects the
triclinic structure of PbCly(3lpy),; with those of the
monoclinic series; c) and d) an oblique view to the direction
of the chains (corresponding to <011> direction in the
monoclinic series (c), and the ¢ direction in the triclinic
structure (d)) highlighting the difference in the halogen
bonding pattern between neighbouring chains due to
different orientation of the 3lpy rings

Table 1. Coordination geometries around the Pb atom in the PbX,(3X'py)a structures

Complex d(Pb—X1)/A d(Pb—x2)/A d(Pb-N)/A @(X1-Pb—X2)/° @(X1-Pb-N)/° @(X2—Pb-N)/°
PbCla(38rpy)2 2.850(6) 2.884(7) 92.7(2) 90.9(5) 91.3(5)
PbCl(3Ipy):2 2.859(6) 2.889(6) 2.654(16) 93.52(16) 90.8(4) 90.9(4)
PbBr2(3CIpy):2 2.9896(9) 3.0062(11) 2.683(10) 90.19(3) 90.9(2) 91.6(2)
PbBr2(3Brpy): 2.9875(14 3.0085(15) 2.665(12) 90.14(4) 90.6(3) 92.0(3)
PbBr(3Ipy):2 3.0037(8) 3.0343(9) 2.671(7) 91.27(2) 90.93(17) 94.05(16)
Pbla(31py)s 3.19953(17) 3.2093(2) 2.686(2) 88.663(5) 90.82(6) 93.51(6)
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Table 2. Halogen bond parameters in the PbX,(3X'py), structures

Complex Structure typef XB donor atom  XB acceptor atom d(xB) /A d(XB)rel® oXB)/°
PbCl(3Brpy): M Br a 3.434 0.9539 171.19
PbCly(3Ipy)> T | cl 3.391 0.9091 171.02
PbBra(3Clpy)2 M al Br 3.561 0.9892 173.36
PbBr(3Brpy)> M Br Br 3.539 0.9565 17153
PbBra(3lpy)2 M [ Br 3.591 0.9376 170.72
Pbla(3Ipy)2 M | | 3.750 0.9470 171.90

@ Monoclinic(M) or Triclinic (T);

®) d(XB) / (rvgw(donor)+ rysw(acceptor))

The fact that the change from the monoclinic to the
triclinic structure occurs when the constituents comprise
the best halogen bond donor (iodopyridine) and the best
acceptor (chloride) is a strong indication that the underly-
ing cause of the change of structure is increased halogen
bond strength. This is also supported by the observation
that in some crystallisation experiments PbBry(3lpy),
(comprising iodopyridine as XB donor and the second-best
bromide as the acceptor) was found to form a mixture of
two phases (see Figures S11 and S12 in the ESI), one of
which was unequivocally identified by single crystal X-ray
diffraction as the monoclinic phase, and the other charac-
terised by a diffraction maxima at 2¢ = 10.06°, 16.62° and
20.80° which closely correspond to the equivalent diffrac-
tion maxima of the triclinic PbCl,(3Ipy), (10.32°, 16.91° and
21.05°), implying that in some instances PbBr,(3lpy), has
also produced a triclinic polymorph, isostructural with
PbCI2(3|py)2.

To confirm the expected potential of coordinated
halopyridines as halogen bond (XB) donors, a DFT single-
point computational study of chain fragments was con-
ducted and the MEP values of the o-holes on the central
coordinated halopyridine molecule were extracted (Figure
5). As anticipated, the lowest MEP values were found on
the o-holes of the chlorine atoms of the coordinated 3Clpy
molecules (average MEP = 64 kJ mol-1), followed by the
bromine atoms of 3Brpy (average MEP = 84 kJ mol-1), and
the highest values were observed on the iodine atoms of
3lpy (average MEP = 115 kJ mol-1). Generally, for the same
halopyridine molecule, the MEP value in the o-hole is high-
est when it is coordinated to the (PbCl,), fragment, slightly
lower for (PbBr;),, and lowest for (Pbly),. Therefore, the
best halogen bond donor is the 3lpy molecule in the
PbCly(3lpy)2 (MEP = 120 kJ mol1), while the weakest is
3Clpy in Pbly(3Clpy), (MEP = 61 ki mol-1).

Similar calculations were performed to rank bridging
halogenide anions as halogen bond acceptors. For this
purpose, hexamer fragments of PbX,(py), were generated,
and the most negative MEP values of the central bridging
halogenide were extracted (Figure 6). As a result, chloride

emerged as the best acceptor site (MEP = -168 kJ mol-1),
followed by bromide (MEP = -141 kJ mol-) and iodide
(MEP = -112 kJ mol-).

The halogen bond parameters listed in Table 1 show
that the I---Cl halogen bond in PbCl,(3lpy), is the shortest
halogen bonding contact in the entire series of structures,
with relative length being ca 91 % of the sum of the van der
Waals radii of the corresponding atoms. It is ca 0.04 A
shorter than the Br--Cl halogen bond in (monoclinic)
PbCl,(3Brpy), — in spite of larger van der Waals radius of
iodine. For comparison, in the monoclinic series the
halogen bonds with iodine donors (in PbBr,(3lpy), and
Pbl,(3lpy)2) both have relative lengths ca 93-94 % of the
sum of the van der Waals radii of the corresponding atoms
(this raising to 95-96 % for the two bromine donors and ca
99 % in the only structure with the chlorine donor). Also,
within the (monoclinic) PbBr; derivatives, the I---Br halogen

Figure 5. Molecular electrostatic potential plotted on
isodensity surface (0.001 a.u.) of a) [PbCly(3Clpy).]s; b)
[PbBr2(3Clpy)als; ¢) [Pblx(3Clpy)ols; d) [PbCl(3Brpy)als; e)
[PbBr2(3Brpy)als; f) [Pbla(3Brpy)als; g) [PbCl(3lpy)als; h)
[PbBra(3lpy)als; i) [Pbla(31py)als.
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bond is longer than the Br-:Br bond, reflecting the
difference of the van der Waals radii of bromine and iodine.
All of this clearly indicates that the assembly of the
[PbX2(3X'py)2]n chains in the triclinic type of stuctures
(represented by PbCl,(3Ipy)2) allows for closer approach of
the donor atom to the acceptor and therefore stronger
halogen bond. As the importance of this increases with the
positive potential of the halogen bond donor o-hole and
the negative potential on the acceptor atom, the
morphotropic step — i.e. the change of the structural type
from the monoclinic to the triclinic — occurs only in the
cases which combine the best donor (iodine), with best
acceptors (coordinated chloride and, to an extent,
bromide).

CONCLUSION

The studied series of coordination polymers provides an
interesting case of halogen bond induced morphotropism.
When only weaker halogen bond donors (chloro- and
bromopyridine, with o-hole MEP below 88 kI mol-1), or
poorer acceptor (bridging iodide, with average MEPuin
-112 k) mol-1) are present only the monoclinic structure
type is observed. However, when the strongest halogen
bond donor of the series (iodopyridine, average MEPmax
115 kJ mol1) and the best acceptor (chloride, MEPmin =
-168 kJ mol-1) are present, the coordination polymeric
chains rotate, so that they allow for a closer contact

a)
-168

b)
-141

-112

Figure 6. Molecular electrostatic potential plotted on
isodensity surface (0.001 a.u.) of a) [PbCl(py).ls;
b) [PbBra(py)2]s; ) [Pbla(py)als.

between the donor and the acceptor, leading to
appearance of the triclinic phase. The fact that the second-
best acceptor (bromide), when combined with
iodopyridine apparently can yield both phases indicated
that the halogen bond energy between iodopyridine and
coordinated bromine is close to the ‘tipping point’ between
the two structural types. This would make a direct
comparison of the structures (and packing energies) of the
two polymorphs of PbBr(3lpy), very interesting indeed.
While we were not able to procure suitable single crystals
(or pure samples) as a part of this study, further
investigations in this direction are under way.

Supplementary Information. Supporting information to the
paper is attached to the electronic version of the article at:
https://doi.org/10.5562/cca4225.

PDF files with attached documents are best viewed with Adobe Acrobat
Reader which is free and can be downloaded from Adobe's web site.
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1. SCXRD data
Table S1. Crystallographic data for compounds [PbX2(3Xpy):]»

Compound [PbBry(3Clpy).]ln  [PbClx(3Brpy).]»  [PbBra(3Brpy):]s

Formula PbBr,CioHsClaN; PbCl,CioHsBr2N; PbBr,CioHsBr;N>

M, 594.09 594.09 683.02

Crystal system monoclinic monoclinic monoclinic

Space group P2i/c P2i/c P2i/c

a (A) 4.2468(2) 4.1496(3) 4.2450(3)

b (A) 15.3128(6) 15.1987(13) 15.4720(8)

c(A) 11.4556(5) 11.3724(13) 11.5001(10)

a (%) 90 90 90

6 (°) 94.062(4) 92.106(9) 93.198(7)

v (%) 90 90 90

V (A3 743.09(6) 716.76(11) 754.13(9)

Z 2 2 2

Temperature (K) 170(2) 170(2) 170(2)

Dearc (g cm™3) 2.655 2.753 3.008

Radialtionth A Mo Ko, 0.71073, Mo Ko, 0.71073, Mo Ko, 0.71073,

waveleng iy 21.762

(mm-) 17.068 17.695

F (000) 536 536 608

Scan type Q Q Q

h k Irange -5:5;-19:19; -5:5;-19:18; -5:5;-16:19;
s K frang -14:14 -13:14 -13:14

0 range/° 2.22-27.00 2.68 -27.00 2.63-27.00

No. measured 11925 5904 5635

reflections

No. Independent 1636 1505 1655

reflections

No. Observed 1450 1116 1309

reflections, | > 20

No. refined 79 74 79

parameters

Rint 0.228 0.178 0.084

R, WR [ = 20] 0.0895, 0.2316 0.1123, 0.3048 0.0787,.2030

R, wR [all data] 0.0926, 0.2352 0.1546, 0.3869 0.09620, 0.2138

Goodness of fit on 1.077 1.498 1.022

F,S

Max, min. El.

density —11.028,9.973* -9.924, 5.910* -4.734,7.662*

(e A=)

CCDC number 2500574 2500577 2500572






Table S1. Crystallographic data for compounds [PbX3(3Xpy).]» (continued)

Compound [PbCly(31py)2]» [PbBr(31py)2]a [Pbly(31py)2]»

Formula PbCl,CioHsl2N> PbBr,CioHsl2N2 Pbl,Ci1oHsl2N;

M, 688.08 777.00 870.98

Crystal system triclinic monoclinic monoclinic

Space group P1 P2i/c P2i/c

a (A) 4.1872(3) 4.31660(10) 4.47850(10)

b (A) 8.7362(8) 15.7790(4) 16.1466(2)

c(R) 10.6056(10) 11.5631(4) 11.7633(2)

a(°) 99.179(8) 90 90

8 (°) 91.011(7) 92.646(3) 93.924(2)

v (°) 95.850(7) 90 90

vV (A3) 380.77(6) 786.74(4) 716.76(11)

Z 1 2 2

Temperature (K) 170(2) 170(2) 170(2)

Dearc (g cm™3) 3.001 3.280 3.408

Radiation . Mo Ka 0.71073, Mo Kot 0.71073, Mo Ka. 0.71073,

wavelength A (A), u 15.462 19.706

F (000) 304 680 752

Scan type Q Q Q

h k I range —6:6;-12:12; -5:5;-20:19; -5:5;-20:20;
» % fang -15:12 ~14:14 ~14:14

0 range/° 2.38-33.69 2.19-27.00 2.52-27.00

No. measured 7256 13053 22622

reflections

No. Independent 2620 1719 1862

reflections

No. Observed 1823 1606 1825

reflections, I > 20

No. refined 79 79 79

parameters

Rint 0.084 0.067 0.039

R, wR [l 2 20] 0.0948, 0.2520 0.0369, 0.1146 0.0140, 0.0357

R, WR [all data]

Goodness of fit on

S

Max, min. El.
density

(e A=)

CCDC number

0.1274,0.2720
1.050

—-3.474,10.230*

2500575

0.0401, 0.1167
1.086

—-2.598, 3.755*

2500573

0.0147, 0.0360
1.089

-0.612,1.274

2500576

* The large maxima and the minima are located in the immediate vicinity of the heavy atoms (Pb, I.

Br) and are artifacts arising from overall low data quality, and possibly anharmonic vibrations.





2. PXRD data
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Fig S1. Experimental PXRD pattern of [PbCly(3-Clpy)2]. (black); calculated PXRD pattern of
[PbBr»(3-Clpy)2]. (light blue) and PbCl, (red).
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Fig S2. Experimental PXRD pattern of [PbBr»(3-Clpy):]. (black); calculated PXRD pattern of
[PbBr2(3-Clpy)2]. (blue).
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Fig S3. Experimental PXRD pattern of [Pbl2(3-Clpy):]. (black); calculated PXRD pattern of
[PbBr2(3-Clpy)2]. (light blue) and Pbl, (red).
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Fig S4. Experimental PXRD pattern of [PbCl2(3-Brpy).]. (black); calculated PXRD pattern of
[PbCl2(3-Brpy):]. ( blue).
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Fig S5. Experimental PXRD pattern of [PbBr2(3-Brpy):], (black); calculated PXRD pattern of
[PbBr2(3-Brpy):]. ( blue).
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Fig S6. Experimental PXRD pattern of [Pbl(3-Brpy):]. (black); calculated PXRD pattern of
[PbBr2(3-Brpy).]. (light blue) and Pbl, (red).
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Fig S7. Experimental PXRD pattern of [PbCly(3-Ipy)]. (black); calculated PXRD pattern of [PbCl(3-
Ipy)2]. (blue).
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Fig S8. Experimental PXRD pattern of [PbBr2(3-Ipy):]. (black); calculated PXRD pattern of
[PbBr2(3-Ipy)2]. (blue).
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Fig S9. Experimental PXRD pattern of [PbBr2(3-Ipy):]. (black); calculated PXRD pattern of
[PbBr2(3-Ipy)2]. (blue).
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Fig S10. Experimental PXRD pattern of [Pblx(3-Ipy).]. (black); calculated PXRD pattern of [Pbl(3-

Ipy)2]. (blue).
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Fig S11. Experimental PXRD pattern of [PbBr2(3-Ipy):]. (black); calculated PXRD pattern of
[PbBr»(3-Ipy)2]. (blue); calculated PXRD pattern of [PbCly(3-Ipy).]. (green).
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Fig S12. Experimental PXRD patterns of M+T [PbBr2(3-Ipy)2]. (black), M [PbBr2(3-Ipy).]. (orange);
of T [PbCl2(3-Ipy).]. (green).





3. Synthetic procedure

The lead(Il) halogenide salt is added to water and the mixture is heated under reflux conditions
until the salt dissolves. In case trace amounts of the starting salt remain undissolved they are
removed via filtration and 1 mL of water is added to the filtrate which is heated again until a
clear solution is obtained. The lead salt solution is removed from the heater and an ethanol
solution of 3-halopyridine is added to it. Crystals of products form upon cooling of the reaction

mixture.

Synthesis of [PbCl2(3-Clpy)2]»

PbCl, (180 mg, 0.65 mmol) was dissolved in water (7,5 mL), 3-chloropyridine (3-Clpy, 500
puL, 5.26 mmol) was dissolved in 2 mL of ethanol and the solutions were mixed. Colourless

crystals formed upon cooling of the solution.

Synthesis of [PbBr2(3-Clpy)2]»

PbBr; (71.4 mg, 0.19 mmol) was dissolved in water (14 mL), 3-chloropyridine (3-Clpy, 500
puL, 5.26 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed. Colourless

crystals formed upon cooling of the solution.

Synthesis of [PbI>(3-Clpy)2]»

Pbl> (35.8 mg, 0.08 mmol) was dissolved in water (14 mL), trace amounts of undissolved Pbl,
were removed via filtration and 1 mL of water was added to the filtrate. 3-chloropyridine (3-
Clpy, 500 pL, 5.26 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed.

Colourless crystals formed upon cooling of the solution.

Synthesis of [PbCl2(3-Brpy)2]»

PbClL (66.5 mg, 0.24 mmol) was dissolved in water (14 mL), 3-bromopyridine (3-Brpy, 500
pL, 5.19 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed. Colourless

crystals formed upon cooling of the solution.





Synthesis of [PbBr2(3-Brpy)2]»

PbBr (75.4 mg, 0.21 mmol) was dissolved in water (14 mL), 3-bromopyridine (3-Brpy, 500
puL, 5.19 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed. Colourless

crystals formed upon cooling of the solution.

Synthesis of [PbI>(3-Brpy)2]»

Pbl> (35.2 mg, 0.08 mmol) was dissolved in water (14 mL), trace amounts of undissolved Pbl,
were removed via filtration and 1 mL of water was added to the filtrate. 3-bromopyridine (3-
Brpy, 500 pL, 5.19 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed.

Colourless crystals formed upon cooling of the solution.

Synthesis of [PbCl(3-Ipy)2]»

PbCl: (76.7 mg, 0.28 mmol) was dissolved in water (14 mL), 3-iodopyridine (3-Ipy, 158 mg,
0.77 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed. Colourless crystals

formed upon cooling of the solution.

Synthesis of [PbBr2(3-Ipy)2]x

PbBr (62.0 mg, 0.17 mmol) was dissolved in water (14 mL), 3-iodopyridine (3-Ipy, 101 mg,
0.49 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed. Colourless crystals

formed upon cooling of the solution.

Synthesis of [Pbl2(3-Ipy)2]»

Pbl> (40.1 mg, 0.09 mmol) was dissolved in water (14 mL), trace amounts of undissolved Pbl,
were removed via filtration and 1 mL of water was added to the filtrate. 3-iodopyridine (3-Ipy,
98 mg, 0.48 mmol) was dissolved in 3 mL of ethanol and the solutions were mixed. Colourless

crystals formed upon cooling of the solution.





