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ABSTRACT: With the use of ab initio X-ray powder diffraction,
a family of isostructural crystalline porous coordination net-
works, [(ZnX,);(TPT),],* (solvent) (X = I, Br, Cl), has been
studied at elevated temperatures of 573—723 K. Upon heating,
all three networks exhibited crystalline-to-amorphous-to-crys-
talline (CAC) phase transformations to three new networks,
[(ZnL)3(TPT),],, [(ZnBr,)3(TPT),],* (H,0) and [(ZnBr,)
(u-Br)(ZnBr)(TPT)],, and [(ZnCL,)(u-Cl)(ZnCl)(TPT)],,
respectively. A set of control experiments was used to obtain
detailed mechanistic aspects of the CAC transformations. We
demonstrate how bonds are broken and formed in these
significant molecular rearrangements and how the initial ar-
rangement plays a crucial role in the formation of the new
networks after the CAC transformations. The structural infor-
mation in the amorphous phase is retained and passed from a
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metastable to a more stable crystal, thus, reinforcing the notion that coordination networks are flexible and chemically active.

B INTRODUCTION

Porous coordination networks are extremely versatile materi-
als due to the hybrid nature of their constituent building blocks (i.
e, metal ions and organic ligands), which allows them to be used
in applications such as conductivity, catalysis, and gas adsorp-
tion."? The formation of thermodynamically stable porous coordi-
nation networks is crucial for their potential applications. Depending
on the crystallization conditions during the self-assembling process,
the resulting porous coordination networks can be stable thermo-
dynamic products or metastable kinetic products. Thermodynami-
cally controlled porous coordination networks can be obtained via
conventional self-assembly methods in solution over long periods of
time (iie, days to weeks).'”~'* The resulting stable products yield
crystals that can be readily determined by single crystal X-ray
diffraction and, in particular cases, single-crystal-to-single-crystal
(SCSC) reactions allow solid-state reactions to be studied in
detail."*~'® Conversely, metastable products are more difficult to
be characterized by single crystal X-ray diffraction due to their
small crystal size resulting from fast crystallization process and
due to their tendency to transform into more stable structures.'”

One of the primary problems chemists face in studying solid-
state reactions is that often the single crystals transform into

v ACS Publications ©2011 american chemical Society

poly-microcrystalline samples and therefore are not suitable for
structural characterization by single-crystal X-ray diffraction. For
this reason, there are many solid-state chemical reactions that
remained unexplored. However, thanks to recent advances in ab
initio structure determination by X-ray powder diffraction
(XRPD),"® % chemical reactions can be characterized in detail
in a single-crystal-to-polycrystalline manner.

Solid-state reactions involving intermediate amorphous phases
are challenging, yet fascinating reactions because they can form
new materials that are difficult (if not impossible) to be obtained
from solution, providing that the solid-state reactions have differ-
ent reaction conditions to those in the solution state.””

In this regard, we recently reported how a double interpene-
trated porous coordination network [(Znl,);(TPT),],S.S
(C¢HsNO,)(H,0) (1), where TPT is tris(4-pyridyl) triazine, trans-
forms into the remarkably stable porous network [(Znl,);(TPT),],,
(1a) in a solid-state reaction at high temperatures exceeding 573
K.*® The reaction occurs via a crystalline-to-amorphous-to-
crystalline (CAC) phase transformation that involves significant
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molecular rearrangements. From those results, it seems that the
initial arrangement of molecules within metastable structure (1)
can play an important role in the synthesis of new crystal
structures. To gain insights in the mechanistic aspects of such
CAC phase transformations, we exploited state-of-the-art meth-
ods for structure determination from powder X-ray diffraction
data to study a set of isostructural metastable coordination
networks [(ZnBr,);(TPT),],*S(CsHsNO,)(H,0) (2) and
[(ZnCl,);(TPT),],* 5.5(CsHsNO,) (H,0) (3) at elevated tem-
peratures. We found that the metastable structures (1—3)
undergo CAC phase transformation involving bond-breaking and

Scheme 1. Porous Coordination Networks, 1, 2, and 3
Synthesized Using the “Instant Synthesis” Method
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Figure 1. Crystal structure transformation from 1 to la. (a) In 1, the
two interpenetrating networks are shown in blue and orange, while
nitrobenzene guest molecules are in green. (b) In 1a, there is no network
interpenetration and the porous structure is maintained without guest
molecules filling the pores. Compound 1a is stable up to 623 K.

bond-forming to yield three new stable products. Furthermore, we
studied the role of the intermediate amorphous phase in order to
elucidate whether a structural memory effect exists during the CAC
transformations. In addition to size difference in halides, the
difference in strength of Zn—halide coordination bonds in the
metastable structures plays a crucial role in the final structures.

B RESULTS AND DISCUSSION

Synthesis of Metastable Interpenetrated Networks 1, 2,
and 3. Kinetically controlled metastable compounds 1, 2, and 3
were synthesized using the “instant synthesis” method (Scheme 1).”
A fine homogeneous powder of 1 was obtained by instant mixing
of Znl, (0.24 mmol) with TPT (0.16 mmol) in an 8:1 nitro-
benzene/methanol solution (36 mL) within 30 s. Compounds
2 and 3 were obtained using the same method but replacing
Znl, with ZnBr, and ZnCl,, respectively. The XRPD patterns,
simulated powder patterns from single crystal structures, and
elemental analyses all indicate that pure phases of 1,2, and 3 were
obtained.* Compounds 1, 2, and 3 are isostructural and are
described as double interpenetrated (10,3-b) networks.>" The
shortest circuit within the networks is composed of 10 Zn halides
and 10 TPT molecules.** Thermogravimetric analysis and
differential scanning calorimetry (TG-DSC) experiments show
that all three structures gradually release solvent between 300
and 500 K (See Supporting Information).

Thermodynamic Stability and Structural Properties of 1.
Upon heating from 300 to 673 K, compound 1 (Figure la)
undergoes a CAC transformation.”® In situ XRPD shows that 1
changes to an amorphous phase at 473 K and upon further
heating a new crystalline porous phase (1a) appears uniformly at
573 K and is stable up to 673 K (Figure 1b). TG-DSC
experiments revealed that after the release of solvent molecules
anew crystalline phase is obtained as indicated by the exothermic
peak at ca. 573 K (Figure S1).

Importantly, the metal-to-ligand ratio (M/L) of 3:2 in 1la
remains unchanged throughout the reaction. The stability of 1a
was studied under vacuum conditions and low temperature (95
K).>*** The XRPD data demonstrates that 1a is stable under
those conditions. Direct ab initio structure solution'® *® indi-
cates that the framework in 1a under vacuum is the same as the
one at atmospheric pressure, with only a small distortion of the
ligand TPT. Guest inclusion behavior of 1a was demonstrated by
immersion of la in nitrobenzene.”® Because of the potential
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Figure 2. Simulated XRPD patterns of 1a (black) and 1a- G, (red) obtained from ab initio structure solution. The peak at ca. 20 ~ 19° (red circle)
corresponds to the 22-1 hki plane which contains the I, molecule in the pore (wavelength used for simulation, A = 1.5406 A).
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Figure 3. Experimental (red), calculated (pale-blue), and difference
(dark-blue) XRPD profiles from the final Rietveld refinement of la- G,
(top). Temperature-dependent reversible guest inclusion/removal of I,
in 1a (bottom).
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Figure 4. In situ synchrotron XRPD patterns of 2 measured at different
temperatures. The formation of an intermediate amorphous phase at
473 K shows that significant molecular reorganization occurs during the
solid-state reaction. The formation of a new crystalline phase is observed
at 573 K at a heating rate 10 °C/min.

industrial applications of porous coordination networks to
materials for catalysts, conductivity, chemical sensors, and so
on, we were prompted to further investigate the inclusion of
smaller molecules (I,). Compound [(Znl,);(TPT),-x(G,)],
(with x = 0.6 (1a* G,), where G, = I,) was successfully obtained
by exposure of 1a to vapors of I, at 300 K for 12 h. The peak shift
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Figure S. Experimental (red), calculated (pale-blue), and difference
(dark-blue) XRPD profiles from the final Rietveld refinement of 2a
(top). Crystal structure of 2a: (a) detailed view along the c-axis of the
two interpenetrated circuits (green and red) formed after the CAC
transformation. (b) Side view of the same interpenetrated networks
showing the 71— stacking between TPT ligands (bottom).

Interpenetrated Networks
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Figure 6. Structural rearrangement of the noninterpenetrated network
2b into the interpenetrated structure of 2a upon heating (553 K) via
CAC phase transformations.

and change in the relative intensities of the XRPD pattern suggest
the inclusion of I, (Figure 2). In particular, the intense peak in
la- Gy at 20 ~ 19°, which corresponds to the hkl plane 22-1,
indicates that I, is included in the pore. This is also supported by
the color change from light yellow (1a) to brown (1a*G;). The
structure of 1a- Gy was solved directly by ab initio XRPD. The
good agreement between experimental and calculated diffraction
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Figure 7. XRPD patterns and structures of 2 and 2a obtained from ab initio XRPD. Compound 2 was transformed to 2a in the solid-state via amorphous
phase upon heating at 573 K, whereas grinding solid TPT and ZnBr, and heating to 573 K did not form 2a.

patterns in the Rietveld refinement shows the correctness of the
structure (Figure 3). The guest inclusion of I, is reversible since
heating 1a* G, to 573 K produced 1a again (Figure 3).

The I, molecules are located between iodide atoms of Znl,
units at the center of the pore. The intermolecular distance
between I, molecules is 6.59 A which suggests that there is no
interaction among I, molecules. The dihalogen I, acts as Lewis
acid (halogen bond donor) and the I from the Znl, acts as Lewis
base (halogen bond acceptor)®>** to form a one-dimensional
array through halogen bonding interactions. One I, is halogen
bonded to two I atoms through the I- - -I—I interactions (d; =
3.76 A; 158° and d, = 3.67 A; 174°). The attractive nature of this
halogen bonding interaction is evidenced by the I- - -I distances that
are shorter than the sum of van der Waals radii of two I atoms (3.96
A). Unlike other compounds involving halogen bonding interac-
tions with I, the I, in 1a- G, does not have améphoteric behavior (i.
e., both termini of the I, act as a Lewis acid).3 Thus, the attractive
nature of the halogen bonding interaction can be considered as the
main driving force for the inclusion of the I, in 1a.

Retention of Structural Information through the CAC
Transformation in 1. The formation of the amorphous phase
can be rationalized by the significant molecular reorganization
occurring during the phase transition (423 to 523 K) from
double interpenetrated to the noninterpenetrated topology of
1a. Clearly, unlocking of the two networks implies cleavage and
formation of zinc—nitrogen coordination bonds. In this solid-
state reaction, it is likely that a certain degree of structural
memory of 1 persists in the amorphous phase (473 K) in order
to form 1a. To prove that, we carried out a control experiment by
finely grinding powder of Znl, and TPT (3:2 molar ratio).
However, the amorphous phase obtained after grinding did not
produce 1a at 573 K (Figure S4a). Moreover, DSC experiments
of a grinding mixture of Znl, and TPT (3:2 molar ratio) did not
show any exothermic peak upon heating to 573 K, indicating that

no crystallization of 1a occurs (Figure S4b). The same experiment
but with the addition of a small amount of nitrobenzene to the
mixture of Znl, and ligand TPT also did not form 1a after heating to
573 K. These experiments, where there is no prior molecular
rearrangement, suggest that the preorganization in 1 is crucial for
the uniform formation of 1a. Furthermore, in order to study if the
same phenomena (i.e,, bond breaking and bond forming) occurred
when a different type of interpenetrated porous coordination net-
work is used as starting material, the biporous coordination network
[(Znl,);(TPT),(triphenylene)],, - x(C¢HsNO,) - y(CH;0H)
(where x ~ 4 and y ~ 2) (1b)* was heated at 573 K.
Interestingly, PXRD analysis shows that the same thermodyna-
mically stable structure 1a is obtained (Figures SS and $6).
Crystalline-to-Amorphous-to-Crystalline Phase Transi-
tion and Structural Properties of 2: Structural Memory Effect
and High Temperature Synthesis of Bromide-Bridged M,L
Network. Microcrystalline powder of 2 was heated to 573 K in
the hot stage of the diffractometer and monitored by in situ
XRPD analysis. The diffraction data shows two phase transitions
through a CAC process (Figure 4). After annealing 2 in air at 573
K for 36 h, a highly polycrystalline solid was obtained and
confirmed by DSC from the exothermic peak at ca. 540 K
(Figure S2). We noted that the same XRPD pattern was obtained
at lower temperatures (i.e., 543—573 K).”” Elemental analysis
suggests that the compound s [(ZnBr,)3(TPT),], - (H,O) (2a).
High quality synchrotron XRPD data of 2a was recorded and
structure determination was carried out by ab intio XRPD
followed by Rietveld refinement (Figure 5). The compound 2a
is a double interpenetrated network obtained after nitrobenzene
guest removal and molecular rearrangement (Figure S). The
significant molecular reorganization of the framework, which can
be explained by the formation of the amorphous phase, resulted in
loss of single crystallinity, a large unit cell volume reduction of 47%,
and change in the crystal system from monoclinic to orthorhombic.
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Figure 8. Single crystal structure of 2c¢. (a) Sheet showing the link among
“saddle units” expanding through the plane ac. (b) Detailed side view image
of the new coordination motif between the Br and the Zn atoms. (c) Three
intercalated sheets (purple, green, and color coded) showing porosity.
Color code: C, orange; Zn, gray; N, blue; and Br, brown.

Regarding the topology, like in 1 and 2, the shortest circuit
observed in 2a consists of 10 molecules of TPT and 10 Zn atoms.
One single circuit forms channels along the c-axis (Figure Sa).
However, in the absence of guests to fill up the channels, a second
circuit interpenetrates through m—s stacking interactions and
forms a nonporous double interpenetrated network (Figure Sb).

It is important to elucidate whether there is cleavage and
formation of coordination bonds and whether retention of
structural features exists through the amorphous transition.
Although the similar double interpenetration connectivity be-
tween 2 and 2a is observed, the above structural changes and the
presence of amorphous phase during the heating process suggest
that the molecular reorganization in 2 should involve cleavage
and formation of coordination bonds. To clarify this aspect, we
investigated the network [(ZnBr,);(TPT),],6(CsHsNO,)
(2b), which is a noninterpenetrated network having 1D channels
(diameter: ca. 25 A) (Figure 6a).” Heating 2b to 553 K yields the
same XRPD pattern of compound 2a (Figure $10) and therefore
the same crystal structure (Figure 6b).*" Clearly, this evidence
proves that cleavage and formation of coordination bonds must
occur during the CAC transformation from 2b (noninter-
penetrated) to 2a (interpenetrated). To understand the role of
the amorphous intermediate phase more clearly, we carried out
two control experiments. First, we mixed ZnBr, and TPT
powder in a 3:2 molar ratio, ground and heated to 573 K for
36 h. However, XRPD data demonstrated that compound 2a was
not formed. Moreover, TG-DSC experiments showed no
exothermic peak between 550 and 580 K, indicating that no
crystallization of 2a took place (Figure S12). Similarly to the

573 K (60h)
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373K
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Figure 9. In situ XRPD patterns of 3 measured at different tempera-
tures. The formation of an intermediate amorphous phase at 473 K
shows that severe molecular reorganization takes place during the solid-
state reaction. The formation of a new crystalline phase (3a) (i.e., similar
to that of 2a) is observed at 573 K. Annealing 3a for 60 h with a heating
rate 10 °C/min generated a new compound 3b.

CAC transformation of 1 into 1a, the above results show that the
molecular prearrangement in 2 and 2b is necessary to form 2a.
Therefore, a certain degree of structural features remains in the
amorphous phase (i.e., a sort of memory effect) that permits
structural information to be propagated from the metastable
structure toward a more stable network 2a (Figure 7).

To study if breaking of the interpenetration in 2a and
formation of a new network was possible, 2a was heated in air
to 723 K for 4 h in a furnace. After cooling down to 300 K over 36
h, single crystals suitable for X-ray analysis were obtained. Single
crystal X-ray analysis revealed new bromide-bridged coordina-
tion network [(ZnBr,)(u-Br)(ZnBr)(TPT)], (2c) (Figure 8).
The metal-to-ligand ratio changed from M;L, to M,L during this
process. The new three-dimensional network (2c) has two TPT
ligands connected through one ZnBr,. Because of local changes
in the coordination environment, one of the two Zn atoms has a
tetrahedral geometry through coordination to three Br and one
pyridyl group (Figure 8b). The bridging coordination bond
extends two-dimensionally along the a- and c-axes directions
and forms layers (Figure 8a). Each layer can be regarded as a
porous structure. However, adjacent two-dimensional layers are
not interpenetrated but rather intercalated, and therefore, the
intrinsic porosity of each layer is lost upon stacking (Figure 8c).

Crystalline-to-Amorphous-to-Crystalline Phase Transi-
tion and Structural Properties of 3: High Temperature
Synthesis of Chloride-Bridged M,L Network. Deliberately, we
synthesized the metastable interpenetrated network [(ZnCl,)s
(TPT),],* 5.5(CcHsNO, ) (CH;0H) (H,0) (3) homogeneously
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Figure 10. Single crystal structure of 3b. (a) Shortest circuit composed
of TPT and Zn in 3b. (b) Detailed coordination environment around
the Zn; and Zn, atoms. (c) Side view showing the interpenetration
between the networks. Color code (top): C, orange; Zn, gray; N, blue;
and Cl, green.

by using the instant synthesis method. X-ray structure determi-
nation, elemental analysis, and thermogravimetric studies re-
vealed that compound 3 was isostructural to 1 and 2.** Similarly
to 1 and 2, a CAC phase transition of 3 during heating at 573 K
was observed. Note that the diffraction pattern observed at 573 K
was similar to that of 2a. This observation indicates the presence
of a nonporous desolvated structure (i.e.,, namely 3a).*’ How-
ever, the powder 3a was not as stable as 2a, so that successive 60 h
annealing at 573 K produced a new powder pattern (Figure 9).

Interestingly, further annealing of 3 in a furnace at 723 K for 4
h and subsequently cooling to 300 K over 36 h produced single
crystals suitable for X-ray crystallography. Single crystal X-ray
crystallographic analysis revealed the formation of a new struc-
ture [(ZnCl,)(u-Cl)(ZnCl)(TPT)], (3b). The simulated
XRPD pattern from single crystal data reasonably matched the
diffraction pattern of the product obtained at 573 K (Figures S18
and S19). The TG-DSC analysis revealed that 3 gradually
releases nitrobenzene first at temperatures from 300 to 500 K,
followed by the formation of phase 3b as evidenced by the
exothermic peak around 525 K (Figure S3).

As in 2c, the metal-to-ligand ratio in 3b also changed from
M;L, to ML during this process. One Zn metal coordinates to
three Cl atoms and one pyridyl group, while the second Zn atom
coordinates to two Cl and two pyridyl groups (Figure 10); thus,
both Zn centers adopt a tetrahedral geometry. Compound 3b is a
two-fold interpenetrated network in which each network forms a
square channel. However, the channels are no longer present due
to the interpenetration of individual networks. Despite having
the bridging motif between the Zn and Cl atoms, 3b is not
isostructural to 2c¢. In a control experiment, grinding ZnCl, and
TPT in a 3:2 molar ratio and then heating to 573 K for 60 h did
not produce 3a but rather 3b as shown by XRPD. This was
further supported by TG-DSC analysis in which again a grinding
mixture of a 3:2 metal-to-ligand ratio showed an exothermic peak
at ca. 553 K as a result of the crystallization of 3b (Figure $22).**

540K
II
502K ||
T : : A
E o W TR AT
3 20 T
c : \ P
@ i
T 25 \
\‘--\._\\\
s
— A S
30 \ \\\
I Ll I 1 -
300 400 500 600 700

Temp | K

Figure 11. Comparison of DSC of 1 (black), 2 (red), and 3 (blue).
Crystallization of 1a, 2a, and 3b occurs after the formation of the
amorphous phase and is clearly observed by the exothermic peaks at 573,
540, and 502 K, respectively, where the temperatures indicate the rising
rather than the peak top positions.

The Influence of Zinc Halides in the Solid-State Reaction
of Interpenetrated Porous Networks. Upon heating, each
interpenetrated porous network 1, 2, and 3 initially produces
amorphous phases. However, interestingly, if heating continues,
network 1 converts into a noninterpenetrated network (1a),
whereas networks 2 and 3 give interpenetrated networks 2a and
3a, respectively. Even though once periodicity of frameworks is
lost at 473 K, surprisingly further heating produces new thermally
stable crystalline phases. Metastable networks 1, 2, and 3 are
isostructural and contain the same solvent. Therefore, the
different crystal structures la and 2a can be rationalized due to
the presence of different zinc halides. To better understand this
aspect, we compared the DSC experiments of 1, 2, and 3 upon
heating from 300 to 725 K (Figure 11). The removal of solvent
molecules takes place at 300—473 K, followed by the formation
of the amorphous phase (ie., corroborated by XRPD) and
crystallization as denoted by the exothermic peaks at 573 and
540 K corresponding to 1a and 2a, respectively. Importantly, the
two exothermic peaks appear at different temperatures, indicat-
ing that higher energy is required to form 1a than 2a. Thus, after
the amorphous phase formation, different reorganization pro-
cesses such as bond-breaking and bond-forming can occur and
hence may explain the different structures of 1a and 2a. In case of
3, the desolvated structure 3a was unstable and thus directly
transformed to 3b. These reactivity differences can be attribu-
table to the different strength of coordination bonds between Zn
and halide atoms.

B CONCLUSIONS

Through our studies, we determined that 1, 2, and 3 differ in
the solid-state reactivity at elevated temperatures while having in
common the same interpenetrated topology and crystal-to-
amorphous-to-crystal transformations. As a result, three new
structures with different topology were obtained upon heating.
We hypothesized that these differences are attributable to the
different strength of coordination bonds between Zn and halide
atoms. Importantly, those networks can not be prepared from the
solid-state reactions of each starting material, ZnX, (X =1, Br, Cl)
and TPT. This leads us to conclude that the initial arrangement
of the building units in the interpenetrated structures is a critical
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factor influencing the reaction trajectory, suggesting that perhaps
asort of “memory effect” exists in the described phase transitions
for transferring structural information between structures.
Although the results reported in this paper are for a particular
family of isostructural porous coordination networks (10,3-b),
we believe that the process can be applied to other materials to
prepare a new class of solids. Meanwhile, ab initio powder X-ray
diffraction determination will be a very powerful analytical tool.
We anticipate that the strategy reported here will be widely
adopted, thus, contributing to the progress in materials science.

B EXPERIMENTAL SECTION

X-ray Powder Diffraction Data. High quality powder X-ray
diffraction pattern for compounds 1a-G; and 2a were recorded at 83
and 100 K, respectively, in transmission mode [0.3 mm capillary;
synchrotron radiation A = 0.9948 A; 20 range = 3—60°; step width =
0.01°; data collection time 20 min for la-G, and A = 1.3 A; 20 range =
4—68°; step width = 0.01°; data collection time 30 min for 2a] on a
diffractometer equipped with a blue imaging plate detector at SPring-8
BL19B2 and BL02B2 beamlines.

Ab Initio Structure Determination. Details of the structure
determination of 1a have been reported elsewhere.”® The XRPD pattern of
la- G, and 2a were indexed using the program DICVOL.* The structure
determination was carried out by the simulated annealing method with the
program DASH.*® The Rietveld refinements were performed with pro-
grams RIETAN-FP*” and VESTA.*® Restraints but no constraints for all
bond lengths were employed to maintain the molecular geometry. Thermal
temperature factors were refined isotropically and uniform values were
applied to the framework. The details of the ab initio structure determina-
tions are in the Supporting Information section.

Single Crystal X-ray Structure Determination of 2c and 3b.
The diffraction data for 2c and 3b were recorded with a Bruker APEX-1I/
CCD diffractometer equipped with a focusing mirror (Mo Ko radiation,
A =0.71073 A) with a cryostat system equipped with an N, generator
(Japan Thermal Eng. Co., Ltd.). Crystal data for 2c: C,gH;,BrsNsZn,,
M, =762.72, crystal dimensions 0.02 X 0.02 X 0.01 mm?, orthorhombic,
space group, Pbca, unit cell, a = 17.339(6), b = 14.752(6), ¢ = 18.507(7)
A, V=4734(3) A>, T=85K, Z =8, 4942 unique reflections out of 5992
with I > 20(I), 271 parameters, 2.12 < 0 < 28.91°, final R factors R, =
0.0220 and wR, = 0.0483.

Crystal data for 3b: C;gH;,Cl4N¢Zn,, M, = 584.88, crystal dimen-
sions 0.02 X 0.02 X 0.01 mm>, monoclinic, space group, P2, /n, unit cell,
a=11.759(4), b = 9.403(3), ¢ = 19.364(7) A, § = 100.515(4)°, V =
2105.2(13) A%, T = 85K, Z = 4, 3313 unique reflections out of 5146 with
I>20(I), 271 parameters, 1.89 < 6 < 28.78°, final R factors R, = 0.044S
and wR, = 0.0847.

Single Crystal X-ray Structure Determination of 3c. Data
diffraction of 3¢ was collected at Pohang Accelerator Laboratory
(beamline 6B1, 1 = 0.88559 A).

Crystal data for 3c: C,,HssClgN1301,Zn;, M, = 1772.14, crystal
dimensions 0.10 X 0.04 X 0.04 mm?, orthorhombic, space group, Fdd2,
unit cell, a = 49.6200(1), b = 50.5890(6), ¢ = 6.0590(6) A, V =
15209.5(15) A%, T = 90 K, Z = 8, 4010 unique reflections out of 4491
with I > 20(I), 456 parameters, 2.05 < 0 < 28.76°, final R factors R, =
0.0792 and wR, = 0.2152.

B ASSOCIATED CONTENT

(s ) Supporting Information. Synthetic details, elemental
analyses, TG-DSC, XRPD patterns, and crystallographic details
(CIF; also see CCDC entries 781948—781953). This material is
available free of charge via the Internet at http://pubs.acs.org.
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