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In situ solvent and counteranion-induced synthesis, structural

characterization and photoluminescence properties of Pb-based MOF's

Qi-Bing Bo," Juan-Juan Pang, Hong-Yan Wang,Chun-Hua Fan and Zhen-Wei Zhang

Abstract: Based on an attempt to investigate the influence of solvent and counteranion on the
structures and photoluminescent properties of Pb-based metal-organic frameworks, the
hydrothermal reactions of the same amounts of Pb(NO;), and Pb(OAc), with the ligand
S-tert-butylisophthalic acid (Hatip) in the presence of water and water/ethanol mixture have yielded
three compounds [Pb(H,O)(tip)], (1), [Pb3(us-O)(tip)2]n (2) and [Pbs(us-O)(tip)s]n (3) under the
similar reaction conditions (tip = 5-tert-butylisophthalate anion). These compounds represented the
first examples of Pb(II) metal-organic frameworks with Htip. All of them have been characterized
by means of FT-IR spectra, elemental analysis, single-crystal X-ray diffraction, powder X-ray
diffraction, thermogravimetric analysis, and photoluminescence spectra. The reaction processes
revealed that 1 and 2 had selectivity for specific solvents. And the selectivity for specific
counteranions was also found in 2 and 3. Single-crystal X-ray diffraction showed that 1 and 3
crystallized in the orthorhombic crystal system with space groups of /ba2 and Pna2,, respectively,
while 2 crystallized in the monoclinic P2;/c space group. The structure of 1 featured a 2D bilayer
structure containing a uninodal sql-type topological motif with a Schlafli symbol of (4%). The 2D
layer framework of 2 was constructed from a unique 8-connected hexanuclear cluster secondary
building unit PbsO,(COO)s, resulting in a uninodal hxl-type topological motif with a Schlafli
symbol of (3°.4°.5%). The structure of 3 could be described as a 3D microporous framework with a
6-connected tetranuclear cluster Pb,O(COQ)s. Topology analysis revealed that 3 represented a
uninodal dia-type topological motif with a Schlafli symbol of (6%). All of the solid state compounds
exhibited the photoluminescent properties at room temperature. Furthermore, taking the emissions
of the free ligand into consideration, the emissions 1 and 2 could be assigned to metal-centered s—p

transition transitions, while the emissions of 3 were due to ligand-to-metal charge transfers
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between the delocalized p bonds of carboxylate groups and p orbitals of Pb(II) centers. Especially,
in situ solvent and counteranion-induced synthesis strategy reported here, could afforded us new

opportunities for the rapidly designing new materials with interesting structures and properties.

Introduction

The design and construction of functional metal-organic frameworks (MOFs) was one of the
most active areas of materials research. The increasingly great interest in these materials was not
only due to their intriguing variety of structural topologies but also their promising properties.' To
date, many MOFs based on d-transition metals, f-lanthanide metals and 3d-4f heterometals have
been extensively synthesized and investigated. However, less attention has been paid to the
construction of the heavy p-block Pb(Il) MOFs.” As a heavy p-block Pb(II) ion, its toxic effects
have increased with its increasing use in industry, such as in paints and batteries. As a result, Pb(II)
ion polluted the environment and had damaging effects on human health.” Therefore, a good
knowledge of the Pb(II) ion properties, including aspects such as large ion radius, the lone pair of
electrons, flexible coordination environment, and variable stereochemical activity, was of great
significance to further understand the toxicological properties of Pb(Il) ions. Furthermore, it also
provided unique opportunities for the construction of Pb-based MOFs with intriguing structural
topologies and interesting properties. For the above-mentioned reasons, several types of Pb-based
MOFs with organic ligands have been reported.”

In our attempt to investigate the design and control of the self-assembly of d'’- and f-based
MOFs with organic ligands, we recently reported that the reaction of the Zn*", Cd*" and lanthanide
salts with 5-methylisophthalic acid (Homip) and 5-tert-butylisophthalic acid (Hatip) gave rise to the
formation of various luminescent MOFs with novel structures.* As part of our ongoing studies into
the development of the coordination chemistry of the heavy main group elements, we chose typical
Pb(I) centers with distinct coordination preferences to assemble with the Hatip ligand. To the best
of our knowledge, no work for Pb(Il)-tip MOFs has been presented though several other Pb(II)
MOFs have been reported and studied by other groups. On the other hand, solvent-induced synthesis
of new MOFs has been of particular interest in material chemistry.” In this study, with solvent or
counteranion as the only variable, hydrothermal reactions with the same amounts of H,tip, NaOH,
Pb(OAc),'3H,O or Pb(NO;),, yielded to three new Pb-based MOFs [Pb(H,O)(tip)], (1),
[Pbs(ua-O)(tip)2]n (2) and [Pba(us-O)(tip)3]n (3) under the same reaction conditions. All of these
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MOFs were characterized by single-crystal X-ray diffraction, infrared spectroscopy,
thermogravimetric analysis, elemental analysis, PXRD measurements. The solvent and
counteranion-induced synthesis and the photoluminescent properties of the products were also

discussed in detail.

Results and Discussion

Considering the solvent or counteranion as the only variable component, hydrothermal reactions
of 5-tert-butyl isophthalic acid with the same amounts of Htip, NaOH, Pb(OAc),3H,O or
Pb(NOs;), afforded three colorless crystals formulated by single-crystal X-ray diffraction as
[Pb(H20)(tip)]n (1), [Pb3(us-O)(tip)2]n (2) and [Pba(us-O)(tip)s]n (3). Where, tip denoted the
S5-tert-butylisophthalate dianions. The results of single-crystal X-ray diffraction analysis showed that
all of the crystals have different structures, and all the 5-tert-butyl isophthalic acids were

deprotonated to coordinate with the Pb*" ions .

Crystal structure of [Pb(H,O)(tip)], (1):
Single-crystal X-ray diffraction analysis revealed that 1 crystallized in the space group /ba2 of

the orthorhombic crystal system. Figure 1 (represented in “Ball-and-stick” model ) showed that
the independent crystallographic unit of 1 contained one Pb*" ion, one coordinated water molecule

and one tip anion.

Figure 1 The coordination geometry of the tip ligand and Pb atoms in 1. Hydrogen atoms are omitted for clarity.
symmetry codes: A (-X, y, -0.5+z), B (0.5-x, 1.5-y, -0.5+z), C (0.5+x, 1.5-y, z), D (-0.5+x, 1.5-y, z), E (-x,y, 0.5+2),
F (0.5-x, 1.5-y, 0.5+2)
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Each Pb center was connected to six carboxylate oxygen donors (O1, O2, O1D, 04D, O1E, O4F)
from four different tip anions (Pb-O 2.384-2.817 A). It is noticeable that the Pb1-O5 distance from
the coordinated water molecule (Pb-O 2.938 A) suggested a nonnegligible interaction,® generating a
seven coordination sphere for the lead atom. The coordination environment of tip for 1 revealed that
each tip anion acting as bridge-linking ligand coordinated to four adjacent Pb atoms simultaneously
with carboxylate groups. And each carboxylate group of tip adopted u,-#7*:n'-bridging modes (Chart

la), forming a 2D bilayer structure (labeled with mauve and green parts in Figure 2) in ac plane.

Chart 1 Diverse coordination modes of the tip ligands

Ph Ph
Ph ~o. P _Pb ~. 0 o
Pb/x o o b Ph= ;0 c')<“ Ph
Ph Ph
(a) (b)
Pb Pb
Ph.__ _Pb ~o. o
0 O /o AN
—_ Pb Ph—_ G—Pb
0 o
Ph
(c) (d)

For each carboxylate group : yz-nz:nl—bridging mode (a); y3-;72:172-bis—bridging mode and y3-;71:;72-tri—monodentate
mode (b); us-n'y’-bridging mode and up-n":°-bis-monodentate mode (c); u3-#°:°-bis-bridging mode and
ur-n'*-bridging mode (d)
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Figure 2 The 2D bilayer structure in ac plane for 1

Considering the tip ligand and the Pb center as nodes, the equivalent 2D topology framework for 1
could be viewed as a uninodal sql-type topological motif with a Schlafli symbol of (4%), as shown in

Supporting Information ESI 1.

Crystal structure of [Pb;(u4-O)(tip)2]n (2) :
Single crystal X-ray diffraction analysis indicated that 2 crystallized in the monoclinic crystal

system with the space group P2,/c. Figure 3 showed that three Pb*" ions were clustered by tip anions
in multiple coordination modes and these three Pb*" ions adopted six, five, and five coordination

numbers, respectively.
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Figure 3 The coordination geometry of the tip ligand and Pb atoms in 2. Hydrogen atoms are omitted for clarity.
symmetry codes: A (-x, 1-y, -z), B (-x, -0.5+y, 0.5-z), C (x, y, -1+2), D (%, 1.5-y, -0.5+z), E (-x,0.5+y, 0.5-2), F (x,
1.5-y, 0.5+2), G (x, y, 1+2z)

The coordination environment of Pb1l was six-coordinated geometry completed by one oxygen
atom (09) from ,u4—02', five carboxylate oxygen atoms (O1, 02, O8B, O6A, O3C) from four tip
ligands. Pb2 adopted a five-coordination geometry defined by two oxygen atoms ( 09, O9A) from
us-O%, and three carboxylate oxygen atoms (05, 06, O7B) from two tip ligands. Pb3 was
five-coordinated by one oxygen atom (09) from u4-O* and four carboxylate oxygen atoms (O1, O3,
03C, O7D) from four tip anions. The Pb-O bond lengths were in the range of 2.274-2.802 A, which
were comparable to those reported for other lead(IT) carboxylates.” The coordination environment of
tip for 2 was shown in Chart 1b and Chart 1c. It is evident that two kinds of the tip anions acting as
bridge-linking ligands coordinated to the adjacent lead atoms with carboxylate groups. One adopted
/13-7121712-bi5-b1’idgi1’lg mode and m-nl:nz-tri-monodentate mode (Chart 1b), the other linked the lead
atoms adopting u-':*-bridging mode and u,-":7*-bis-monodentate mode (Chart 1c).

It is noteworthy that compound 2 displayed a two-dimensional network consisting of z4-O*
anion-bridged Pb¢O, clusters. As shown in Figure 4, six symmetry-related lead atoms (Pbl, Pb2,
Pb3, PblA, Pb2A and Pb3A) were clustered by two 4-O* anions (09 and O9A). Then, the cluster
was edge-bridged by eight different carboxylate groups (O-C1-O, O-C1A-O, O-C5C-0O, O-C5H-O,
0-C13-0, O-C13A-0O, O-C17B-0O, and O-C17D-O) of the tip ligands to give an 8-connected
centrosymmetric hexanuclear cluster SBU (secondary building unit ) PbsO,(COO)s . Each of the

cluster SBUs was further interlinked by eight tip ligands, resulting in a 2D layer structure in bc
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plane, as shown in Figure 5.

Figure 4 Schematic representation of an 8-connected hexanuclear cluster SBU PbsO,(COO)g for 2 . Symmetry
codes: A (-x, 1-y, -z), B (-x, -0.5+y, 0.5-2), C (%, y, -1+2), D (x, 1.5-y, -0.5+z), H (-x, 1-y, 1-2)

Figure 5 The 2D layer structure constructed from 8-connected PbsO, clusters and tip ligands for 2. Hexanuclear
clusters are represented in polyhedrons for clarity.

Topologically, the tip ligands could be viewed as the linkers, and each PbsO, cluster served for a
6-connected node. The equivalent 2D topology framework for 2 can be viewed as a uninodal

hxl-type topological motif with a Schlafli symbol of (36.46.53), as shown in Supporting Information
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ESI 2.

Crystal structure of [Ph4(u4-O)(tip)s]n (3) :
Compound 3 crystallized in the orthorhombic space group Pra2,. The structure of 3 featured a

complicated 3D network. The asymmetric unit of 3 contained four crystallographically unique Pb*"
ions, one ,u4-02' anion, and three tip anions. As shown in Figure 6, Pbl, Pb2, and Pb3 were all
six-coordinated by five carboxylate oxygen atoms (O1, O5, 06, O12, and O3A belong to Pbl; Ol,
02, O8C, 0O9C, and O4A belong to Pb2; OS5, O11, O7C, O8C, and O10C belong to Pb3) from four
different tip anions and one oxygen atom from u4-O® anion (O13). Pb4 adopted another kind of
coordination manner. It coordinated with five carboxylate oxygen atoms (O10C, O11, 012, O3A,
and O4A belong to Pb4A) from three different tip anions and one oxygen atom from u4-O> anion
(013). Distances of Pb-O in the range 2.283-2.818 A were in good agreement with reported values.”
Only the Pb-O bond distances for Pb4A-O10C [2.883 A], Pb4A-O11 [2.932 A], and Pb2-02 [2.938
A], were longer, but the values were still in the bonding range.” At the same time, the subtle
distinction among Pb1, Pb2, Pb3 and Pb4 originated from three kinds of tip ligands adopting four,
five, and six coordination numbers, respectively. The detailed coordination modes for these three tip

ligands were described in Chart 1a, 1b, and 1d.

C18C

c4
Pb1B
03
cs,

Pb4 04

j /
{ j{
Pb2B ! — \

Figure 6 The coordination geometry of the tip ligand and Pb atoms in 3. Hydrogen atoms are omitted for clarity.
Symmetry codes: A (2-x, 1-y, 0.5+z), B (2-x, 1-y, -0.5+2), C (0.5+x, 1.5-y, z), D (-0.5+x, 1.5-y, z), E (1.5-x, 0.5+y,
0.5+2)
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It is worth noting that one is-oxygen atom (O13) connected the four crystallographically
unique Pb atoms into an isolated tetrahedral cluster PbsO, which further shared with the six
carboxylate groups (O-C1-O, 0O-C13-O, O-C30-O, O-C6A-O, O-C18C-O, and O-C25C-O ),
resulting in a 6-connected tetranuclear cluster SBU (secondary building unit ) PbsO(COQ), as
shown in Figure 7. Each of the cluster SUBs was further linked to four neighboring ones by six tip
ligands, reticulating into the final 3D porous framework (Figure 8). By virtue of the PLATON
analysis,lo approximately 41.5% of the crystal volume is occupied by the bulky tertbutyl groups
(1657.5 out of the 3991.1 A’ in each cell unit), which means that the compound 3 has a microporous

framework dwelt in the disordered tertbutyl groups.

Figure 7 Schematic representation of a 6-connected tetranuclear cluster SBU Pb,O(COO), for 3 . Symmetry codes:
A (2-x, 1-y, 0.5+z), C (0.5+x, 1.5-y, z)

Figure 8 The 3D microporous framework constructed from 6-connected Pb,4O clusters and tip ligands for 3.
Tetranuclear clusters are represented in polyhedrons for clarity.
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As shown in Supporting Information ESI 3, the tetrahedral PbsO clusters acted as 4-connected
nodes and the tip groups acted as the linkers. The equivalent 3D topology framework for 3 could be

viewed as a uninodal dia-type topological motif with a Schlafli symbol of (6°) .

Solvent and counteranion-induced synthesis:

The basic consideration of our synthetic strategy was to study the influence of solvent and
counteranion on the structures and photoluminescent properties of Pb-based MOFs with the ligand
5-tert-butylisophthalic acid. Under the similar reaction conditions, we selected the same amounts of
S-tert-butylisophthalic acid, NaOH, lead salts of nitrate and acetate, water and water/ethanol mixture
as the starting materials to make this investigation. As shown in Chart 2, when
5-tert-butylisophthalic acid, NaOH, lead acetate were chosen as the reactants, use of solvent water

alone generated the crystal product of [Pb(H,O)(tip)], (1), which presented a 2D bilayer structure.

Chart 2 Solvent and counteranion-induced synthesis

1.5 mmol P(OAc),
23 mL

» needle-like crystal (1)

1.5 mmol Pb(OAc),
15mL H,O0+ 8 mL FtOH

sheet-like crystal (2)
3.5 mmol NaOH

210 °C
HOOC COOH

15 mmol Ph(NOs), prism-like crystal (3)

15 mL H,O4 8 mL EtOH
1.7 mmol

1.5 mmol Ph(NO;),
23 mL

unspecific precipitate

When the solvent was changed from pure water to water/ethanol mixture (15:8, V/V) with
everything else kept the same as in 1, the other crystal [Pbs(us-O)(tip)2]n (2) with a different 2D
layer structure was formed. With the counteranion as the only variable, following the procedure
adopted for 2, changing the lead acetate to nitrate afforded crystal sample [Pba(u4-O)(tip)s]n (3) as a
novel 3D porous framework. However, following the synthesis process of 3, when the solvent
mixture (water/ethanol) was substituted with the pure solvent (water), only unspecific white
precipitates were obtained, which was perhaps due to the quick hydrolysis of lead nitrate under the

pure solvent conditions. In contrast to 1, no solvent was incorporated into 2 and 3, which may be
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likely due to the different solvent polarity or the configuration of solvent molecules. Furthermore,
no nitrate or acetate ion was bonded to the lead center for the Pb-based MOFs mentioned above. At
the same time, once isolated, all of the Pb-based MOFs were stable in air and insoluble in common
organic solvents and water. From the chart 2, it is evident that MOFs 1 and 2 had selectivity for
specific solvents during the synthetic process. And the selectivity for specific counteranions was
also found in MOFs 2 and 3. The above observations suggested both solvent and counteranion
played crucial roles in controllable synthesis of MOFs under the same amounts of starting materials
and similar reaction conditions. The water/ethanol mixture and counteranions (acetate) might be
highly efficient as structure-directing agents during the reaction processes, since the coordination
environment around the building units or metal centers was always affected by the excellent H-bond
formation abilities of the water/ethanol mixture and acetate. The findings of the in situ solvent and
counteranion-induced synthesis strategy afforded us new opportunities for the rapidly designing

materials with interesting structures and properties.

FT-IR spectra, thermogravimetric analyses and PXRD patterns
The FT-IR spectra of 1, 2 and 3 exhibited characteristic bands of the asymmetric stretching

vibrations of the carboxylate groups at 1630-1520 cm™, and the symmetric stretching vibrations
between 1310 and 1480 cm™, respectively (Supporting Information ESI 4). The results indicated the
existence of a deprotonated carboxylate group coordinated to the metal ion, in agreement with the
solid-state structures.

In order to examine the thermal stability of the three compounds, thermogravimetric analyses
(TGA) were performed on single-phase polycrystalline samples of these materials (Supporting
Information ESI 5). For 1, the first weight loss of 3.5 % (calculated value 4.0 %) occurred in the
temperature range 30-140°C, which was equivalent to the release of the coordinated water
molecules. And then there was a plateau of stability before 360°C, indicating that the framework of
1 can be stable up to 360°C. Upon heating above 360°C, the rapid collapse of framework took place.
This may be attributed to the decomposition of the ligand. 1 did not lose weight at higher
temperature up to 550°C and the residue (50.6 %, calculated value 50.1 %) might be PbO. For 2
and 3, no weight loss was observed from room temperature to 3807 in the TG curves , which
indicated that both of them were anhydrous. Evidently, the TGA results for 2 and 3 were also in
accordance with the single crystal structure analysis. From 380 to 580°C, weight losses of 59.2 %

and 62.1 % should be ascribed to the decomposing of the organic frameworks for 2 and 3,
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respectively, which were both in good agreement with the calculated values (59.3 % for 2, 62.0 %
for 3 ), considering the final product as PbO.

The powder X-ray diffraction patterns (PXRD) of 1, 2 and 3 were performed in the room
temperature (Supporting Information ESI 6). The different structures of them have also been
indicated by their different XRPD patterns. Furthermore, all the XRPD patterns measured for the
as-synthesized samples were all in good agreement with those simulated from single crystal
structural data. Thus all the compounds 1, 2 and 3 were obtained as a single phase, which proved the

purity of the bulk phases.

Photoluminescent properties

With regard to MOFs, studies have been essentially restricted to d'° and 4f metals, and little
attention has been paid to the luminescence of MOFs of main group metals such as Pb."? It was
noteworthy that the Pb(I) complexes were a potential class of functional materials with interesting
photic properties, due to the fact that complexes of heavy metals with s* electron configuration
might reduce the radiative lifetime of triplets by increasing spin-orbit coupling and promote
emission from the triplet state under ambient conditions.'' In this work, the photoluminescent
properties of 1-3 have been explored in the solid state at room temperature. And in order to
understand the nature of these emission bands, the photoluminescent properties of the free ligand
were also examined. As shown in Figure 9, the free ligand Hjtip displayed the ultraviolet emission

at 345 nm (A,=315 nm), which could probably be assigned to the n*—m transition.

345

Intensity (a.u.)

300 400 500 600 700 800
Wavelength (nm)

Figure 9 The emission spectra excited at 315, 360, 350 and 325 nm for H,tip, 1, 2 and 3, respectively.
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Three Pb-based MOFs displayed the emission bands centered at 527 nm (A=360 nm) for 1, 502,
547 and 568 nm (Ax=350 nm) for 2, 416 and 458 nm (A=325 nm) for 3. It was evident that the
emission bands of the Pb-based MOFs were all red-shifted compared to the free ligand, and emitted
luminescence in the range 400-600 nm at room temperature. While the free ligand Htip exhibited
no observable fluorescent emission in the range of 400-600 nm, which eliminated ligand-centered
(LC) and ligand-to-ligand charge transfer (LLCT) excited states. Therefore, taking the emission
bands of the free ligand into consideration, the emission bands at 416 and 458 nm of 3, could be
attributed to ligand-to-metal charge transfer (LMCT) between delocalized p bonds of the aromatic
carboxylate groups and p orbitals of Pb(II) centers, which was similar to the reported literatures for
the Pb-based MOFs.'? Compared with 3, the emission wavelengths of 1 and 2 became longer and
should be different from that of LMCT. The low-energy emissions with large Stokes shifts,
including 527 nm for 1, 502, 547 and 568 nm for 2 could be assigned to metal-centered s—p
transition as proposed by Vogler."* These photoluminescent results implied that the coordination
modes of Pb(Il) cations played an important role in influencing the emissive peak position of

compounds, and had significant influence on the emission mechanism of the Pb-based MOFs.

Conclusion

With solvents or counteranions as the only variable, hydrothermal reactions with the same
amounts of 5-tert-butylisophthalic acid, NaOH, Pb(OAc),-3H,0 or Pb(NOs3),, afforded three new
Pb-based metal-organic frameworks [Pb(H,O)(tip)]n (1), [Pbs3(us-O)(tip):]n (2) and
[Pba(ua-O)(tip)3]n (3) under the same reaction conditions. Considering the synthetic process, the
Pb-based compounds had selectivity for specific solvent and counterions in the self-assembly
process. In this study, the water/ethanol mixture, nitrate and acetate ions could be highly efficient as
structure-directing agents during the synthesis processes of Pb-based compounds. The structural
analysis indicated that 1 featured a 2D bilayer structure containing a uninodal sql-type topological
motif; The 2D layer framework of 2 was constructed from a unique 8-connected hexanuclear cluster
secondary building unit PbsO,(COO)g, with a uninodal hxl-type topological motif. The 3D
microporous framework of 3 was formed by a 6-connected tetranuclear cluster PbsO(COO)s with a
uninodal dia-type topological motif. Furthermore, strong luminescent emissions are observed for 1,
2 and 3, which might be good candidates for photoluminescence materials. Considering the fact that

Pb-based metal-organic frameworks 1, 2 and 3 obtained under the same amounts of starting
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materials and similar synthetic procedures, were distinct from each other, such as composition,
topology, and photoluminescent properties, which could afforded us new opportunities for the
rapidly designing materials with interesting structures and properties. The feasible strategy for
controlling the synthesis of other framework architectures through this in situ solvent and

counteranion-induced synthesis method were underway in our laboratory.

Experimental Section
Reagents and Instrumentation: Reagents were purchased commercially and were used without
further purification. Elemental analyses (C and H ), IR spectra, TG analyses, single crystal X-ray
diffraction data, PXRD, solid-state emission and excitation spectra were all performed on the
corresponding instruments similar with our recently published paper.* And the crystal structures
were solved by direction method and refined by a full matrix least-squares technique based on F*
using SHELXL 97 program.'® All of the non-hydrogen atoms were refined anisotropically. The
organic hydrogen atoms were generated geometrically, the aqua hydrogen atoms were located from
difference maps and refined with isotropic temperature factors. Crystallographic data for the
structures reported in this paper have been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication no. CCDC-1019800 (1), CCDC-1019801 (2) and
CCDC-1019802 (3). Copies of the data can be obtained free of charge on application to CCDC, 12
Union Road, Cambridge CB21EZ, UK (fax: (+44) 1223-336-033; e-mail: deposit@ccdc.cam.ac.uk).

The crystallographic data and structure refinement for all the MOFs were summarized in Table 1 .
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Table 1 Crystal data and refinement parameters for 1, 2 and 3.

Compound 1 2 3

Empirical formula C1,H14,05Pb Cy4H5409Pbs C36H36013Pby

Formula weight 445.42 1078.00 1505.41

Crystal system Orthorhombic Monoclinic Orthorhombic

Space group 1ba?2 P2,/c Pna2,

alA 16.2354(8) 18.7933(9) 18.4043(5)

b/A 19.1181(10) 17.7755(6) 30.9956(9)

c/A 8.2268(4) 8.2471(3) 6.9963(2)

o/ deg 90 90 90

p/deg 90 99.723(4) 90

y/ deg 90 90 90

Volume/ A 2553.5(2) 2715.46(19) 3991.1(2)

VA 8 4 4

Pear /- 2317 2.637 2.505

4 /mm’” 13.224 18.602 16.884

F (000) 1664 1944 2736

GOF 1.023 1.029 1.055

Ry (I>20(1)) 0.0326 0.0599 0.0354

wR, (I>26(1)) 0.0678 0.1319 0.0749

R, (all data) 0.0557 0.0975 0.0410

WR; (all data) 0.0799 0.1551 0.0778

Flack parameter 0.07(3) 0.038(13)
Preparation of MOFs

Synthesis of 1: A mixture of 1.5 mmol Pb(OAc),-3H,0, 1.7 mmol 5-tert-butylisophthalic acid
(Hatip), and 3.5 mmol NaOH in 23mL H,0O, was stirred for 20 min at room temperature (the pH
value of the mixture was 7). The mixture was then heated in a Teflon-lined stainless steel autoclave
(40 ml) at 21007 for 4 days under static conditions. After cooling the reaction mixture to room
temperature, white needle-like crystals were separated and washed by distilled water many times.
Finally, the products were dried in air at room temperature (Yields: ~ 75%).
Elemental analysis (%) caled for 1: C 32.36, H 3.17; Found: C 32.29, H 3.22
IR (KBr, cm™) for 1: 3615 w, 3299 m, 3175 w, 2965 s, 2910 w, 2866 w, 1628 w, 1609 w, 1598 s,
1518 s, 1430 m, 1370 m, 1356 m, 1312 m, 1273 m, 1205 w, 1180 m, 1130 w, 1114 m, 927 w, 910 m,
822s,787s, 754 s, 726 s, 696 m, 602 w, 578 w, 520 w, 481 w

Synthesis of 2: A mixture of 1.5 mmol Pb(OAc),-3H,0, 1.7 mmol 5-tert-butylisophthalic acid
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(Hatip), and 3.5 mmol NaOH in 15mL H,O and 8 mL alcohol dehydrated, was stirred for 20 min at
room temperature (the pH value of the mixture was 7). The mixture was then heated in a
Teflon-lined stainless steel autoclave (40 ml) at 210°C for 4 days under static conditions. After
cooling the reaction mixture to room temperature, white sheet-like crystals were separated and
washed by distilled water many times. Finally, the products were dried in air at room temperature
(Yields: ~ 70%).
Elemental analysis (%) calcd for 2: C 26.74, H 2.24; Found: C 26.65, H 2.16
IR (KBr, cm™) for 2: 3422 s, 2965 s, 2910 w, 2873 w, 1846 w, 1603 s, 1540 s, 1480 m, 1433 s, 1400
m, 1370 s, 1350 s, 1312 w, 1268 s, 1204 w, 1177 w, 1114 s, 1045 w, 1001 w, 927 m, 907 m, 820 s,
781s,751s,721's, 696 w, 608 w, 578 w, 514 w, 484 w

Synthesis of 3: Synthesis of 3 was similar to that of 2 using Pb(NOs), instead of
Pb(OAc),:3H,O (the pH value of the mixture was 7). White prism-shaped crystals of 3 were
obtained (Yields: ~ 80%).
Elemental analysis (%) calcd for 3: C 28.72, H 2.41; Found: C 28.68, H 2.38
IR (KBr, cm™) for 3: 3435 s, 2959 s, 2873 w, 1851 w, 1631 s, 1595 s, 1548 w, 1513 s, 1480 w, 1463
w, 1425 m, 1367 m, 1351 s, 1309 s, 1279 s, 1254 m, 1205 w, 1161 m, 1130 w, 1111 w, 1004 w, 910
m, 814 m, 776 s, 754 m, 721 s, 713 s, 600 w, 578 w, 512 w, 487 w
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Pb(OAC),

H,0

NaOH
210 °C

HOOC COOH

Pb(NO3),
-
H,0+ EtOH

With solvents or counteranions as the only variable, three novel photoluminescent Pb-based

metal-organic frameworks obtained under the similar synthetic procedures.



