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ABSTRACT: Although some achievements of constructing
chiral metal−organic frameworks (MOFs) with diverse achiral
ligands have been made, there is still a lack of full
understanding of the origin and formation mechanism of
chirality, as well as the reasonable principles for the design and
construction of chiral frameworks. The concept of prochirality
in organic molecules and complex systems inspires us to
explore the synthetic strategy of chiral MOFs based on achiral
sources. Here, an achiral compound [Cu(en)][(VO3)2] (1)
was isolated in the CuCl2/NH4VO3/en system, while further
chiral frameworks [Cu(en)(Im)2][(VO3)2] (2a and 2b) were obtained by the reaction between compound 1 and another achiral
ligand Im (ethanediamine = en and imidazole = Im). In the present system, compound 1 has the characteristic of a quasi-plane
structure unit. Further reaction of compound 1 and the achiral ligand (Im) induced the formation of chiral Λ/Δ Cu centers, and
then a pair of chiral frameworks containing one-dimensional (1D) helical chains was formed. The chiral symmetry breaking
phenomenon of compounds 2a and 2b can also be expected and explained based on this kind of prochirality synthetic strategy.

■ INTRODUCTION

Chiral metal−organic frameworks (MOFs) have been attracting
attention not only because of their intriguing variety of
architectures and topologies1−3 but also owing to their
potential applications in the aspects of enantioselective
catalysis,4−6 chiral separation,7−9 nonlinear optics,10−12 and
magnetism.13−15 The design and construction of chiral MOFs
can be achieved through two main approaches. One is based on
the use of chiral sources (chiral organic linkers or metal
complexes),16−18 while the other is developing achiral
precursors into chiral materials under spontaneous resolu-
tion.19−23 Building chiral MOFs with enantiopure ligands
appears to be a straightforward strategy, but it always suffers
from complex synthesis and structure limitations of enantiopure
ligands. Also, although some achievements of constructing
chiral MOFs with diverse achiral ligands have been made,24−31

there is still a lack of full understanding of the origin and
formation mechanism of chirality, as well as the reasonable
principles for the design and construction of chiral frame-
works.32

For understanding of the chiral structure, the concept of
prochirality was introduced by Hanson in 1966.33 It was widely
used for organic molecules and then extended to mononuclear
octahedral, square pyramidal, square planar, and trigonal
bipyramidal coordination compounds.34−40 Typically, a prochi-
ral coordination compound is characterized by a prochiral
center and/or by the existence of two heterotopic elements that
can be ligands, faces, or planes, depending on the geometry of

the complex. For each of these elements, a reaction can be
identified that transforms the prochiral metal center into a
chiral center. In particular, an enantiomeric product having
opposite chirality at the metal atom can be formed by
replacement of either one of the enantiotopic ligands by a
different achiral ligand, addition of the same achiral ligand to
either one of the two enantiotopic faces, or ligand rearrange-
ment along either one of the two enantiotopic planes.41−44 The
concept of prochirality for coordination compounds improves
the development of asymmetric synthesis and bioinorganic
chemistry significantly,45−48 which inspires us to explore the
synthetic strategy of chiral MOFs based on achiral sources.
Here, we demonstrate construction of chiral frameworks via a

prochirality synthetic strategy with simple and common achiral
ligands ethanediamine (en) and imidazole (Im) step-by-step.
First, an achiral compound [Cu(en)][(VO3)2] (1) was
synthesized with an achiral ligand en, which has the
characteristics of a quasi-helical structure containing a quasi-
plane structure unit and a proposed prochiral center. The
further surface reaction between 1 and the second achiral ligand
Im induced the formation of chiral Λ/Δ Cu centers, and then a
pair of chiral frameworks [Cu(en)(Im)2][(VO3)2] (2a and 2b)
containing one-dimensional (1D) helical chains was formed.
Moreover, the chiral symmetry breaking phenomenon of
compounds 2a and 2b can also be expected and explained
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based on this kind of prochirality synthetic strategy and the
structural characteristic of the prochiral center in compound 1.

■ EXPERIMENTAL SECTION
Materials and Methods. All materials were reagent grade

obtained from commercial sources and used without further
purification. Elemental analyses (C, H, and N) were performed
using an EA1110 elemental analyzer. The IR spectra were recorded in
the range of 400−4000 cm−1 on a Fourier transform IR spectrometer
as KBr pellets. The thermogravimetric analyses (TGA) were carried
out using a Universal Analysis 2000 thermogravimetric analyzer
(TGA) in N2 with a heating rate of 10 °C/min. Powder X-ray
diffraction (PXRD) data were collected on an X‘Pert-ProMPD
(Holand) D/max-γA X-ray diffractometer with Cu Kα radiation in a
flat plate geometry. X-ray absorption near edge structure (XANES)
and extended X-ray absorption fine structure (EXAFS) data were
collected on beamline 14W at the Shanghai Synchrotron Radiation
Facility. Electrochemical test experiments were performed with an
IM6e potentiostat (Zahner Elektrik Company, Germany) in a
conventional three-electrode cell. A saturated calomel electrode
(SCE) was used as a reference electrode, and a Pt wire was used as
a counter electrode. Chemically bulk-modified carbon paste electrodes
(CPEs) were used as the working electrodes. The Raman spectra were
collected on an HR 800 Raman spectroscope (J Y, France) equipped
with a synapse CCD detector and a confocal Olympus microscope.
The spectrograph uses 600 g mm−1 gratings and a 633 nm He−Ne
laser. The circular dichroism (CD) spectra were recorded on a
JASCOJ-810 spectropolarimeter with KBr pellets.
Synthesis of [Cu(en)][(VO3)2] (1). In our experiments, compound

1 was prepared by the hydrothermal method. A mixture of NH4VO3
(0.06 g, 0.5 mmol), CuCl2·2H2O (0.085 g, 0.5 mmol), and en (0.1 mL,
1.49 mmol) was dissolved in 12.0 mL of distilled water and stirred
briefly for 0.5 h. When the pH value was adjusted to approximately 5.5
by dilute HCl solution, the mixture was transferred to and sealed in a
22 mL Teflon-lined stainless steel container, which was heated at 150
°C for 72 h. After being cooled to room temperature unaffectedly,
green block crystals of 1 were filtered and washed with distilled water
(yield about 30% based on Cu). Elemental analyses calculated for 1: C,
7.47; H, 2.51; N, 8.71. Found: C, 7.52; H, 2.49; N, 8.68. IR (KBr
pellet, cm−1): 3315 (m), 1574 (m), 1043 (s), 945 (s), 865(s), 777 (s),
640 (s).
Synthesis of [Cu(en)(Im)2][(VO3)2] (2). A mixture of compound 1

(0.16 g, 0.5 mmol), Im (0.1 g, 1.5 mmol), and H2O (12 mL) was
adjusted to approximately pH 7.5 with dilute en solution and HCl and
stirred for 0.5 h and then transferred to and sealed in a 22 mL Teflon-
lined stainless steel container, which was heated at 150 °C for 72 h and
then cooled to room temperature naturally. Blue rodlike crystals of 2
existed on the surface of 1, and they were peeled off compound 1 and
washed with distilled water. The mixture 2 was comprised of both 2a
and 2b, which could be separated manually under a polarized light
microscope (yield about 18% based on Cu). Elemental analyses
calculated for 2: C, 20.99; H, 3.53; N, 18.37. Found: C, 21.06; H, 3.49;
N, 18.42. IR (KBr pellet, cm−1): 3103 (m), 1574 (m), 1324 (s), 937
(s), 827(w), 780 (s), 653 (s).
X-ray Crystallographic Study. Crystal data for compounds 1, 2a,

and 2b were collected on a Bruker APEX-II CCD diffractometer with
Mo Kα radiation (λ = 0.71073 Å). The structures were solved by the
direct methods and refined by full-matrix least-squares on F2 using the
SHELXTL crystallographic software package.49,50 All non-hydrogen
atoms were refined anisotropically, and hydrogen atoms of the en and
Im molecules were generated theoretically onto the specific atoms and
refined isotropically with fixed thermal factors. A summary of the
crystallographic data and structure refinement details for these three
compounds are given in Table 1, selected bond distances and angles
are given in Table S1, Supporting Information, and 10 typical crystal
data and structure refinements of 2 are given in Table 2. CCDC
numbers are 905137−905139 for 1−2b, respectively.
Preparation of 1-CPE. Electrochemical measurements were

carried out in a conventional three-electrode electrochemical cell. A

total of 0.1 g of graphite powder and 10 mg of compound 1 were
mixed and ground together by agate mortar and pestle to achieve an
even and dry mixture. To the mixture, 0.3 mL of nujol was added and
stirred with a glass rod. Then the homogenized mixture was used to
pack the glass tubes with 5 mm inner diameter, and the surface was
wiped with weighing paper. Electrical contact was established with
copper rod through the back of the electrode. In a similar manner, bare
CPE was made only with graphite powder.

■ RESULTS AND DISCUSSION
Single-crystal analysis reveals that 1 is centrosymmetric and
belongs to the monoclinic system with space group P21/n. The
unit cell is composed of one Cu2+ ion, one [V2O6]

2− anion, and
one en molecule, as shown in Figure 1a. There are two crystal
independent V centers of V1 and V2 in the structure. Each V
center is surrounded by four O atoms in tetrahedral geometry.
Here, two VO4 tetrahedrons of the V1 and V2 centers link
together to generate a [V2O6]

2− anion. Furthermore, such
[V2O6]

2− anions link to each other end-to-end in corner-
sharing mode, forming an infinite 1D chain with a quasi-helical
structure along the a axis (Figure S1, Supporting Information).
The Cu center adopts a distorted octahedral geometry of
CuN2O4 unit, which is completed by two N atoms from one en
molecule and four O atoms from three [V2O6]

2− anions (Figure
S2, Supporting Information). Two symmetrically equivalent
CuN2O4 units are bridged together by terminal oxygen atoms
(O1) from vanadium oxygen chains, generating a binuclear
secondary building unit (SBU). Each CuN2O4 unit is
connected to three vanadium oxygen chains, while each
binuclear SBU is in connection with four (Figure 1b). This
kind of connection develops the whole net into a 2D bilayer

Table 1. Crystal Data and Structure Refinements for
Compounds 1, 2a, and 2b

compound 1 2a 2b

empirical
formula

C2H8CuN2O6V2 C8H16CuN6O6V2 C8H16CuN6O6V2

formula
weight

321.52 457.69 457.69

crystal system monoclinic orthorhombic orthorhombic
space group P21/n P212121 P212121
a (Å) 5.7771(2) 10.6943(17) 10.6820(7)
b (Å) 8.1522(3) 11.6521(19) 11.6044(7)
c (Å) 17.5012(7) 12.834(2) 12.6888(8)
α (deg) 90.00 90.00 90.00
β (deg) 90.451(1) 90.00 90.00
γ (deg) 90.00 90.00 90.00
V (Å3) 824.21(5) 1599.3(4) 1572.88(17)
Z 4 4 4
Dc (g cm−3) 2.591 1.901 1.933
μ (mm−1) 4.777 2.500 2.542
F(000) 628.0 916.0 916.0
collcd reflns 7291 8483 13426
unique reflns 2025 3983 3866
parameters 118 208 208
Rint 0.0177 0.0218 0.0202
GOF 1.116 0.967 1.011
R1
a

[I > 2σ(I)]
0.0189 0.0241 0.0161

wR2
b (all

data)
0.0506 0.0501 0.0399

Flack
parameter

0.000(11) 0.018(8)

aR1 = Σ∥F0| − |Fc∥/Σ|F0|. bwR2 = Σ[w(F02 − Fc
2)2]/Σ[w(F02)2]1/2.
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structure (Figure S3, Supporting Information), and then these
parallel bilayers are arranged alternately in a ABAB pattern
through hydrogen-bonding interactions, generating a 3D
supramolecular network (Figure S4, Supporting Information).
A closed observation shows that another kind of structure

unit exists in the present 2D bilayer (Figure 2a), which is a
CuN2C2O9V2 unit (Figure 2b left). Here, if a proposed plane is
made up running through the Cu and V atoms in this unit,
most of the atoms which surround the Cu atom are close to this
plane, and then this plane (the pink plane in Figure 2b middle)
can be regarded as the quasi-plane in the present unit. It is
precisely the central location of Cu atom in the unit; thus, if a
reaction occurred between Cu and a new ligand with stronger
coordination ability, the symmetry of CuN2O4 unit would be
destroyed, and a chiral center might be formed. Therefore, the
Cu atom could be regarded as a prochiral center (Figure 2b
right), which is expected to provide a possibility for the
achievement of chirality in the whole framework.
General speaking, ligand Im has strong coordination ability

to form a coordination bond (Cu−N) with the Cu ion. Thus, in
the following experimental design, the second achiral ligand Im
was introduced, and the mixture of Im, compound 1, and H2O
was treated in a hydrothermal condition. As expected,
compounds 2 were prepared on the basis of 1: blue rodlike
crystals of compounds 2 were obtained on the surface of

compound 1 (Figure S5). Structure analyses reveal that 2a and
2b are enantiomers, which crystallize in the same chiral space
group P212121. The Flack parameters of 2a and 2b are
0.000(11) and 0.018(8), respectively. Here, a detailed
description of 2a will be exhibited as an example. The
asymmetric unit of 2a consists of one Cu2+ ion, one
[V2O6]

2− anion, one en molecule, and two Im ligands (Figure
3). Each Cu center displays a slightly distorted octahedral
geometry with chiral Λ configuration, which is coordinated by
four N atoms from two Im and one en molecules, and two O
atoms from two [V2O6]

2− anions. On the contrary, the Cu
center adopts the Δ absolute configuration in 2b (Figure 4a).
The unique V1 and V2 centers, which are similar to those in 1,

Table 2. Ten Crystal Data and Structure Refinements for Compound 2

a (Å) b (Å) c (Å) V (Å3) Flack chirality

1 10.6943(17) 11.6521(19) 12.834(2) 1599.3(4) 0.000(11) L
2 10.6820(7) 11.6044(7) 12.6888(8) 1572.88(17) 0.018(8) D
3 10.6889(14) 11.6126(15) 12.6969(17) 1576.0(4) −0.01(2) D
4 10.6916(15) 11.6172(18) 12.6878(19) 1575.9(4) 0.006(17) D
5 10.683(3) 11.598(4) 12.703(4) 1573.9(9) 0.010(12) D
6 10.6967(12) 11.6229(13) 12.7097(14) 1580.2(3) −0.002(15) L
7 10.6937(10) 11.6164(11) 12.6973(11) 1577.3(3) 0.005(14) L
8 10.6846(15) 11.6016(17) 12.6915(18) 1573.2(4) 0.028(15) L
9 10.649(5) 11.556(5) 12.642(6) 1555.7(12) 0.033(17) L
10 10.669(3) 11.575(3) 12.673(3) 1565.0(7) 0.009(19) L

Figure 1. (a) The asymmetric unit of 1 with partial atoms labeling
scheme. (b) The CuN2O4 unit and binuclear SBU connect to
vanadium oxygen chains (different color polyhedrons represent
different chains).

Figure 2. (a) The 2D bilayer structure of 1. (b) The structure unit
containing a quasi-plane and a prochiral center.

Figure 3. The asymmetric units of 2a and 2b with partial atoms
labeling scheme.
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adopt tetrahedral geometries with four O atoms, and these
tetrahedrons are linked each other to generate a chainlike
structure. Note that due to the screw coordination arrangement
of the achiral en and Im ligands around the Cu2+ ion, the chiral
[Cu(en)(Im)2]

2+ complex with a Λ configuration allows the
control of the absolute helicity of the V−O chain. Herein, after
passing through an intermediate quasi-helical state in 1, such
vanadium oxygen chains turn into a real helical structure in 2,
and left- and right-hand helices only appeared in 2a and 2b,
respectively. These helical chains are linked by chiral centers to
yield three-dimensional (3D) networks (Figure 4b), and then
the chirality is transferred from the center to the whole crystal,
forming a pair of chiral frameworks. To validate the chiral
properties of 2a and 2b, CD spectra were recorded.
Compounds 2 are insoluble in water and common organic
solvents; the CD spectra were investigated from KBr pellets. As
shown in Figure 4c, the CD spectra of compounds 2a and 2b
are almost mirror images of each other, indicating that the pair
of compounds are enantiomers.51 In the wavelength range from
200 to 350 nm, 2a shows positive Cotton effects at λ = 239 and
267 nm and a negative Cotton effect at 324 nm. Compound 2b
shows Cotton effects of the opposite signs to 2a at nearly
identical wavelengths (239, 266, and 325 nm respectively).
Then, compounds 1 and 2 were characterized by PXRD

patterns, IR spectra, and TG analyses (Figures S6−S9,
Supporting Information). Here, the question is whether the
production of chiral compounds is a reaction based on a
prochiral center or a process of dissolution−recrystallization.
The former can indicate that a prochiral strategy could be used
to design and synthesize a chiral structure of a coordination
polymer, while the other is only a common self-assembly
process of a black box.
The reaction process between 1 and Im aqueous solution

was monitored and recorded under ambient conditions. As
shown in Figure 5a, with increasing the reaction time from 0 to
4 h, a kind of blue crystal gradually grew on the surface of 1.
When the reaction proceeded for 6 h, a mass of blue crystal

Figure 4. (a) The helices and absolute configuration of chiral metal
center in 2a (left) and 2b (right). (b) The 3D chiral frameworks of 2a
and 2b. All ligands and H atoms are omitted for clarity. (c) Solid state
CD spectra of 2a (black) and 2b (red) in KBr pellets.

Figure 5. (a) In-situ observation of compound 1 reacted with Im solution under ambient conditions at different time periods, showing the
generating process of blue crystal. (b) In-situ Raman spectra from bottom to top: pure 1 (black), 1 and Im solution (blue, green, orange and rufous)
and pure 2 (red) under air. (c) EIS of 1-CPE (green and blue curve for 1-CPE with and without Im, respectively) and bare CPE (black and red curve
for with and without Im, respectively) in 0.5 M Na2SO4 solution.
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appeared and aggregated together. PXRD indicated that the
pattern of blue crystal corresponds well with the simulated
result from the single crystal data of 2 (Figure S10, Supporting
Information). The above-mentioned reaction process was also
monitored by in situ Raman spectra. In Figure 5b, black and red
curves represent the Raman signal of pure compounds 1 and 2,
respectively. The emergence of a series of characteristic peaks
in the range of 1100−1500 cm−1 was owed to Im. While the
bands at 920−950 cm−1 should correspond to V−O vibrations,
and the peaks at lower wavenumbers (below 800 cm−1) mainly
belong to the oscillations of the V−O−V framework.52,53 When
a little bit of Im solution was added to the powder of 1,
significant changes in the Raman spectra were observed within
3 min, and the spectrum recorded after 4 min is highly similar
to that of pure 2. In our further experiments, the reaction
between 1 and Im was analyzed by electrochemical impedance
spectroscopy (EIS), a method of characterizing the electrode
surface by measuring the impedance changes. Figure 5c shows
the Nyquist plots of the different processes of 1 modified
carbon paste electrode (1-CPE) and bare CPE in Na2SO4
electrolyte. The arc radius on the EIS Nyquist plot of 1-CPE in
Na2SO4 mixed with Im (0.5 mL, 0.08 M) (green curve) is
smaller than that of 1-CPE (blue curve) without Im, indicating
a fast interfacial charge transfer between 1 and Im. While the
EIS curves of the bare CPE in Na2SO4 with (black curve) and
without Im (red curve) are almost entirely overlapped, meaning
the little influence of Im on bare CPE.
Although the above Raman and electrochemical results

showed that 1 can react quickly with Im and compounds 2 (2a
and 2b) can be formed on its surface, there is still a question
here of whether the formation of 2 is based on a dissolution−
reaction process (self-assembly from the basic anions and
ligands) or a purely surface reaction process. To further prove
the above reaction process is not the simple self-assembly
process, a series of control experiments were carried out. We
further compared the blue solution obtained from the reaction
of Im and 1 (aq-1, Figure 6a inset) and another blue solution
formed from raw materials (a mixture of NH4VO3, CuCl2·
2H2O, en and Im was dissolved in distilled water, and the molar
ratio of these reactants was consistent with the proportion of
each component in the structure of compound 2; aq-2, Figure
6a inset) by Raman spectrum technique. In Figure 6a, the
Raman spectrum of aq-1 (aqua line) has the typical
characteristic peaks of compound 2 (red line), while that for
aq-2 (azure line) was totally different from either 1 (black) or 2
(red). Further, two powder samples (powder-1 and -2, Figure
6b inset) were obtained by drying those above two blue
solutions (aq-1 and -2) at ambient temperature respectively.
The PXRD patterns in Figure 6b further proved that the peak
positions of the powder-1 (aqua) derived from aq-1 correspond
well with that of compound 2 (red), while powder-2 (azure)
had no connection with 1 (black) and 2 (red). The above
results demonstrated that aq-1 contains the only component of
2 and is totally different from the mixture of reactants.
X-ray absorption spectroscopy (XAS) is an element-specific

spectroscopic technique involving the excitation of electrons
from a core level to the empty states and is particularly
powerful to get structural information of different species. In
the followed experiments, XAS experiments (X-ray absorption
near edge structure, XANES; extended X-ray absorption fine
structure, EXAFS) were performed to investigate the electronic
structure of Cu in 1 (both in solid state and in situ reaction
with Im solution). Cu K-edge XANES and EXAFS data for 1

(both in solid and the in situ reaction between 1 and Im
solution) have been collected and are shown in Figure 7. The
XANES data for 1 in solid and in situ reaction conditions have a
very similar spectral shape. The EXAFS data in R space (the
inset in Figure 7) for Cu before adding solution shows a strong
peak for Cu−N/Cu−O bonds. Since Cu−N bonds and Cu−O

Figure 6. (a) Raman spectra and (b) PXRD patterns from bottom to
top: compound 1 (black), compound 2 (red), aq-1 and powder-1
(aqua) obtained from the reaction of Im and 1, and aq-2 and powder-2
(azure) mixed by reactants. The insets show the aq and powder
samples.

Figure 7. Cu K-edge XANES spectra of 1, the black and red curve for
pure 1 and under the in situ reaction (with Im) condition, respectively.
The inset shows the corresponding Fourier transform of the EXAFS
data.
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bonds show almost the same bond length in R space, there is
only one main peak in the spectra consistent with the crystal
structure. When the Im solution was added, the EXAFS data for
Cu show almost identical Cu−N/Cu−O bonds with 1 (in
solid) in R space. Here, we measured the XAS spectra just after
the Im solution was added, and the spectra can be repeated
several minutes later. During the reaction process, if 1 could
solve in the solution and form the basic anions and ligands, the
composites should show a new solution state and the XANES
spectrum could be different from that for 1. All of the above
Raman and PXRD results as well as the XANES spectra and
EXAFS data suggest that the formation of 2 should via a
reaction directly occur on the solid surface and without a self-
assembly process from the basic anions and ligands.
In the present system, 2a and 2b show the same color and

shape in nature light but exhibit light purple and dark blue in
the presence of polarized light, respectively (typical photo
images of 2a and 2b shown in Figure 8a). Therefore, the pairs

of enantiomers can be separated manually. In following
experiments, it was found that the probabilities of 2a and 2b
had a distinction that was close to 6:4 (10 typical crystal data
and structure refinements of 2 are shown in Table 2). It
inspired us carried out a further detailed structural analysis of
the proposed prochiral center in 1. As shown in Figure 8b, the
Cu atom being on the quasi-plane has a relatively symmetrical
coordination environment, which makes the Cu atom an
expected hotspot here. The left space is exactly exposed and
there is a binuclear SBU on the right side of the quasi-plane in

the framework of 1 (Figure 9). So it can be supposed, when the
second ligand Im was introduced, the attack/substitution

reaction process occuring in the hotspot on the left is inevitably
much easier than the right. On the basis of the experimental
results (2a and 2b), we speculated that Im attack the Cu
hotspot on the left side of the quasi-plane could produce 2a,
and oppositely 2b could be obtained. Our interpretation and
theory are still very rough currently; nevertheless, they offer a
simple and back-up model to understand the architectures of
MOFs and other frameworks, along with the design and
forming process of chirality. Considering the diversity of MOFs
and other frameworks, as well as the complexity and
uncertainty of the self-assembly process, the possible structural
characteristic and hotspots (maybe definite chemical bond/
cluster/chain, large anion or cation, etc.) still need to be further
clarified.

■ CONCLUSION
In summary, we demonstrated the construction of chiral
frameworks via prochirality synthetic strategy with achiral
ligands step by step. Compound 1 with a quasi-helical structure
is the prior product to chiral enantiomers 2a and 2b, which can
be synthesized via further surface reaction between compound
1 and Im. The chiral symmetry breaking phenomenon of
compounds 2a and 2b can also be explained based on this kind
of prochirality synthetic strategy and the prochiral structural
characteristic of compound 1. More achiral ligands (such as 1,3-
propane diamine, 1,2,4-triazole, etc.) with different coordina-
tion abilities and more metal ions (such as Co2+, Ag+, Zn2+,
Ni2+, etc.) could be helpful for the design and fabrication of
various functional chiral crystalline materials.

■ ASSOCIATED CONTENT
*S Supporting Information
X-ray crystallographic information files (CIF); table of selected
bond lengths and angles; and additional figures of compounds

Figure 8. (a) Photographs of compounds 2a (light purple) and 2b
(dark blue) viewed in the presence of polarized light by using a
polarized light microscope, among them, a little more 2a than 2b. (b)
Possible mechanisms of the chiral symmetry breaking phenomenon.
Light pink plane is the proposed quasi-plane through the Cu atom in
the structure unit, which is both the reaction hotspot and the prochiral
center in 1.

Figure 9. Both sides of quasi-plane are marked with A and B
respectively. Site A is significantly larger than site B.
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1 and 2; together with PXRD, IR and TGA. This material is
available free of charge via the Internet at http://pubs.acs.org.
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