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ABSTRACT: Solvothermal reactions of Zn(II) or Cd(II) nitrates and V-shaped ligand of 4,40-(hexafluoroisopropylidene)bis-
(benzoic acid) (H2hfipbb) in the presence or absence of 4,40-bipy afforded four interesting d10 metal-organic frameworks with
helical nanochannels, namely, Zn(hfipbb) 3 0.5H2O 3 0.5DMF enantiomers (P6222, 1a, and P6422, 1b), Zn(hfipbb)(4,40-
bipy) 3DMF (2), and Cd(hfipbb)(DMF) 3 0.5DMF (3). The enantiomeric 1a and 1b exhibit similarly a (4,4)-connected 3D
network with two types of helically 2-fold and 8-fold nanochannels along the c-axis, in which ultralong helical pitches are found
in the 8-fold helical channels. Compound 2 features a 2D layered structure based on dizinc(II) paddle-wheel clusters with the
appearance of left- and right-hand helical channels alternatively, while 1D double helical channels exist in the complicated
structure of compound 3. The luminescent properties of all the compounds have also been studied.

Introduction

The design and synthesis of metal-organic frameworks
(MOFs) are the focus of great interest in current research, not
only because of their tremendous potential applications, such
as gas storage and separation, heterogeneous catalysis, optical
properties, etc., but also owing to their intriguing variety of
architectures and topologies.1-3 Compared with convention-
ally used microporous inorganic materials, such as zeolites,
MOFs have advantages for more flexible and rational design
by controlling the architecture and functionalizing the pores.
The predesigned organic ligand is a vital component with
binding sites in an appropriate arrangement, whose encoded
information is read by the metal ions according to their
coordination tendency.4 On the other hand, helical structures
are ubiquitous in nature and are the foundation of the genetic
code, and they have attracted increased interest in coordina-
tion chemistry and material chemistry owing to their impor-
tance in biological systems, asymmetric catalysis, and optical
devices.5-7 A particular challenge in this field is design and
synthesis of helical MOFs through the self-assembly of metal
ions and ligands.6 Although some helical layers and limited
pillared-layer 3D MOFs with helical character have been
reported,7,8 the rational design and construction of helically
structured MOFs are acutely hampered by limited under-
standing of the structural constraints in stabilizing the arrays.9

Especially, it is particularly rare to obtain helically chiral
MOFs by a route of spontaneous resolution without any
chiral auxiliary.10

Inspired by the aforementioned considerations, our current
synthetic strategy is to construct targeted MOFs with helical
channels by employing a long and V-shaped aromatic dicar-
boxylate ligand, 4,40-(hexafluoroisopropylidene)bis(benzoic
acid) (H2hfipbb). Herein, we successfully prepared four Zn
and Cd compounds with helical channels, including a pair of
enantiomers Zn(hfipbb) 3 0.5H2O 3 0.5DMF (P6222, 1a, and
P6422, 1b) with two types of 2-fold and8-fold helical channels,
Zn(hfipbb)(4,40-bipy) 3DMF (2) with left- and right-handed

helical channels based on sharing the Zn(II) paddle-wheel
clusters, and Cd(hfipbb)(DMF) 3 0.5DMF (3) with double
helical channels. In these compounds, the structures change
remarkably whereas the helical character is preserved during
introduction of the second ligand of 4,40-bipy or replacement
of Zn(II) with Cd(II).

Experimental Section

Materials and General Methods.All the solvents and reagents for
syntheses were commercially available and used as received. IR
spectra were recorded on an attenuated total reflectance (ATR) FT-
IR spectrometer (SensIR Technologies). Elemental analyses were
performed on a Perkin-Elmer 2400 Series II analyzer. Thermogravi-
metric analyses (TGA) were carried out on a Shimadzu DTG-50
thermal analyzer from room temperature to 500 �Cat a ramp rate of
5 �C/min in air. Powder X-ray diffraction (PXRD) studies were
carried out with an X-ray diffractometer of Rigaku, Rint 2000.
Solid state emission spectra were investigated on a Perkin-Elmer
LS50B luminescence spectrophotometer under the same measure-
ment conditions.

Syntheses of Compounds 1-3. Preparation of Zn(hfipbb) 3 0.5H2O 3
0.5DMF (1aand1b).AmixtureofZn(NO3)2 3 4H2O(0.106g, 0.4mmol),
H2hfipbb (0.157 g, 0.4mmol), andDMF (10mL) was sealed in aTeflon
reactor. The pure colorless needle crystals containing 1a and 1b were
obtainedafter 3daysofheatingat 115 �C.Yield: 0.13g,∼70%(basedon
Zn). Anal. Calcd for C18.5F6H12N0.5O5Zn: C, 44.30; H, 2.41; N, 1.40.
Found: C, 44.92; H, 2.38; N, 1.50. IR (cm-1): 1688 m, 1634 m, 1590 m,
1537m, 1414 s, 1291w, 1254m, 1237 s, 1210m, 1167 vs, 1152m, 1136m,
1090 w, 1022 w, 970 w, 959 w, 945 w, 928m, 858 w, 847 w, 775 s, 748m,
723 vs, 708 m, 685 w, 554 w, 544 w, 515 s, 488 m.

Preparation of Zn(hfipbb)(4,40-bipy) 3DMF (2). A mixture of Zn-
(NO3)2 3 4H2O (0.106 g, 0.4 mmol), H2hfipbb (0.157 g, 0.4 mmol),
4,40-bipy (0.063 g, 0.4 mmol), and DMF (10 mL) was sealed in a
Teflon reactor. The pure colorless needle crystals containing 2 were
obtained after 3 days of heating at 115 �C. Yield: 0.09 g, ∼33%
(based on Zn). Anal. Calcd for C30F6H25N3O5Zn: C, 52.61; H, 3.69;
N, 6.14. Found: C, 52.74; H, 3.47; N, 6.04. IR (cm-1): 2520 b, 2012
b, 1676 m, 1645 s, 1615 w, 1408 vs, 1294 w, 1252 s, 1240 s, 1208 s,
1165 vs, 1136 m, 1088 w, 1071 w, 1046 w, 1020 w, 974 w, 959 m, 945
m, 930 m, 864 w, 845 m, 804 m, 781 vs, 747 m, 716 m, 687 w, 656 w,
625 s, 475 vs.

Preparation of Cd(hfipbb)(DMF) 3 0.5DMF (3). A mixture of
Cd(NO3)2 3 4H2O (0.124 g, 0.4 mmol), H2hfipbb (0.157 g, 0.4 mmol)
with or without 4,40-bipy (0.063 g, 0.4 mmol), and DMF (10 mL)*E-mail: q.xu@aist.go.jp.
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was sealed in aTeflon reactor. The pure colorless block crystals were
obtained after 3 days of heating at 115 �C, followed by rinsing the as-
obtained products with DMF, acetone, and ethanol. Yield: 0.15 g,
∼58% (based on Cd). Anal. Calcd for C21.5F6H18.5CdN1.5O5.5: C,
42.17;H, 3.05;N, 3.43. Found:C, 42.38;H, 2.98;N, 3.34. IR (cm-1):
1680 w, 1649 m, 1597 m, 1551 m, 1391 vs, 1290 w, 1254 s, 1238 s,
1208 s, 1171 vs, 1136m, 1109m, 1020 w, 970w, 959w, 943m, 928m,
851 s, 779 vs, 747 m, 723 vs, 685 m, 521 w, 476 m, 451 s.

X-ray Crystallography. Single-crystal X-ray diffraction data for
compounds 1-3 were collected on a R-AXIS RAPID II diffracto-
meter at room temperature withMoKR radiation (λ=0.71073 Å).11

All the structures were solved by direct methods using the SHELXS
program of the SHELXTLpackage and refined by full-matrix least-
squares methods with SHELXL.12 Metal atoms in each compound
were located from theE-maps, and other non-hydrogen atoms were
located in successive difference Fourier syntheses, where they were
refinedwith anisotropic thermal parameters onF2.Hydrogen atoms
were located at geometrically calculated positions and refined with
isotropic thermal parameters. For compounds 1 and 3, isolated
solvents within the channels were not crystallographically well-
defined. The uncoordinated DMF molecules were determined on
the basis of TGA and elemental microanalysis, and the data were
treated with the SQUEEZE routine within PLATON.13 Crystal-
lographic data and structural refinements for compounds 1-3 are
summarized in Table 1. Important bond lengths and angels are
listed in Table 2.More details on the crystallographic studies as well
as atom displacement parameters are given in the Supporting
Information.

Results and Discussion

Zn(hfipbb) 3 0.5H2O 3 0.5DMF (1a and 1b). Compounds 1a
and 1b are enantiomers and exhibit similar structures. There-
fore, 1a will be discussed in detail as a representative. Com-
pound 1a crystallizes in chiral space groupP6222. It contains
one crystallographically unique zinc(II) ion and an indepen-
dent ligand in the asymmetric unit, both of which locate at
the 2-fold axis with half-occupancies. Zn(1) is surrounded by
a tetrahedral environment, in which the coordinated oxygen
atoms come from four carboxylate anions of four hfipbb
ligands. The Zn-Odistances range from 1.912(5) to 1.935(5)
Å, comparable to those reported for other zinc(II) com-
pounds.14 The hfipbb ligand is tetradentate, it bridges four
zinc(II) ions, and eachoxygenbondswithoneZn(II) (Scheme1

and Figure S1 of the Supporting Information). The bent
conformation of a dihedral angle between the two benzene
rings in hfipbb ligand is 69.75�. The interconnection of
zinc(II) ions by bridging hfipbb ligands results in a compli-
cated 3Dnetworkwith two types of helically hydrophilic and
hydrophobic channels along the c-axis (Figures 1 and 2). The
left-handed helically hydrophilic channel is quadrangu-
lar with channel dimensions of 6.47(1) Å � 6.47(1) Å (the
shortest C 3 3 3C distances based on structural data,
Figures 2a and S3), of which the double helices have a helical
pitch of 15.44 Å, equal to two times of c-axis length. The

Table 1. Crystallographic Parameters for Compounds 1-3 from Single-Crystal X-ray Diffraction

complexes 1a 2b 2 3

formula C34H16F12O9Zn2 C34H16F12O9Zn2 C30H24F6N3O5Zn C20H14CdF6NO5

FW 927.21 927.21 685.89 574.72
color colorless colorless colorless colorless
crystal system hexagonal hexagonal monoclinic orthorhombic
space group P6222 P6422 P21/c Pccn
a (Å) 21.250(3) 21.260(3) 13.080(3) 27.660(5)
b (Å) 21.250(3) 21.260(3) 9.7100(19) 7.4900(15)
c (Å) 7.7200(15) 7.7300(15) 25.530(8) 24.170(5)
R (deg) 90 90 90 90
β (deg) 90 90 105.26(3) 90
γ (deg) 120 120 90 90

V (Å3) 3019.0(8) 3025.8(8) 3128.2(14) 5007.4(17)
Z 3 3 4 8
dcalcd (g/cm

3) 1.530 1.527 1.456 1.525
μ (mm-1) 1.295 1.292 0.863 0.944
T (K) 293(2) 293(2) 293(2) 293(2)
F(000) 1380 1380 1396 2264
Flack parameter 0.00(4) 0.01(4)
reflns collected 28897 28486 29253 43185
independent reflns 2294 (Rint=0.1082) 2307 (Rint=0.0737) 7105 (Rint=0.0391) 5708 (Rint=0.0396)
obsd data [I>2σ(I )] 1635 1773 5602 4140
data/restraints/parameters 2294/0/130 2307/0/132 7105/32/406 5708/0/299
GOF on F2 0.988 1.052 1.020 1.100
R1, wR2 [I>2σ(I )] 0.0608, 0.1485 0.0649, 0.1738 0.0462, 0.1371 0.0638, 0.1498
R1, wR2 (all data) 0.0859, 0.1646 0.0796, 0.1929 0.0610, 0.1516 0.0760, 0.1531

Table 2. Selected Bond Lengths (Å) and Bond Angles (deg) for
Compounds 1-3

a

1a

Zn(1)-O(2)#1 1.912(5) Zn(1)-O(2)#2 1.912(5)
Zn(1)-O(1) 1.934(5) Zn(1)-O(1)#3 1.934(5)

1b

Zn(1)-O(2)#1 1.927(5) Zn(1)-O(2)#2 1.927(5)
Zn(1)-O(1)#3 1.945(5) Zn(1)-O(1) 1.945(5)

2

Zn(1)-O(1) 2.027(2) Zn(1)-O(2)#1 2.035(2)
Zn(1)-N(2) 2.042(2) Zn(1)-O(4)#2 2.042(2)
Zn(1)-O(3)#3 2.046(2) Zn(1)-Zn(1)#1 2.9774(7)
O(1)-Zn(1)-O(2)#1 158.89(9) O(1)-Zn(1)-N(2) 101.60(9)
O(2)#1-Zn(1)-N(2) 99.40(9) O(1)-Zn(1)-O(4)#2 90.03(10)
O(2)#1-Zn(1)-O(4)#2 87.32(10) N(2)-Zn(1)-O(4)#2 103.25(9)
O(1)-Zn(1)-O(3)#3 86.08(11) O(2)#1-Zn(1)-O(3)#3 88.93(11)
N(2)-Zn(1)-O(3)#3 97.74(10) O(4)#2-Zn(1)-O(3)#3 159.00(9)

3

Cd(1)-O(1)#1 2.271(6) Cd(1)-O(1) 2.271(6)
Cd(1)-O(3)#2 2.294(5) Cd(1)-O(3)#3 2.294(5)
Cd(1)-O(4)#2 2.600(5) Cd(1)-O(4)#3 2.600(5)
Cd(2)-O(5)#4 2.243(6) Cd(2)-O(5) 2.243(6)
Cd(2)-O(2)#4 2.255(5) Cd(2)-O(2) 2.255(5)
Cd(2)-O(4)#5 2.287(5) Cd(2)-O(4)#2 2.287(5)

a Symmetry codes for 1a: #1:-yþ 1,-xþ 1,-zþ 2/3; #2:-yþ 1, x-
yþ 1, z- 1/3; #3: x, x- yþ 1,-zþ 1/3. Symmetry codes for 1b: #1:-yþ
1, x- y, zþ 1/3; #2: x, x- y,-z- 1/3; #3:-xþ yþ 1, y,-z. Symmetry
codes for 2: #1:-xþ 1,-y,-z- 1; #2: x,-y- 1/2, z- 1/2; #3:-xþ 1,
yþ 1/2,-z- 1/2. Symmetry codes for 3: #1:-xþ 1/2,-yþ 5/2, z; #2: x,
-yþ 3/2, z- 1/2; #3:-xþ 1/2, yþ 1, z- 1/2; #4:-xþ 1/2,-yþ 3/2, z; #5:
-x þ 1/2, y, z - 1/2.
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isolated aqua molecules are located in the quadrangular
channels. The other right-handed helically hydrophobic
channel along the c-axis with hexagonal shape has an
absolutely free space of 7.990(6) � 7.990(6) Å2 (shortest
F 3 3 3F distances based on structural data, Figures 2b and
S3), which is composed by six Zn(1) atoms and six hfipbb
ligands. The distance between diagonal Zn(1) atoms is
22.069(3) Å, and the fluorine atoms orient to the center of
the channels. The right-handed helix is generated around the
crystallographic 62 axis with a helical pitch of 61.75 Å, which
is 8-fold the c-axis length. To the best of our knowledge, it is
the most multiples of its corresponding axis length and close
to the longest helical pitch (63.68 Å) presently known.15

Notably, on the turning of the helix, the angle between the
planes defined by two C-O-Zn-O-C chelate rings at
one metal center is 104.44�, and the bent C7-C8-C7 angle
in the hfipbb ligand is 112.17�, both of which lead to the helix
coiling along the winding axis in a dodecagonal cross section
(Figure S3). Most striking, however, is the fact that eight
homochiral helical chains associate in parallel to form the
wall of a dodecagonal nanochannel; its enantiomer can be
found in 1b (Figure 2). The chiral nanochannel assembled
from 8-fold helices reported herein represents by far the
second example of the highest degree of association of 1D
motifs.15

A better insight into the nature of the involved framework
can be achieved by the application of a topological approach.
As described above, each Zn(II) ion is linked by four hfipbb
ligands and each hfipbb ligand bridges four Zn(II) ions;
therefore, both Zn(II) and hfipbb ligands can be regarded as
four-connected nodes, and the whole network can be ex-
tended to an unusual 3D (4,4)-connected net with the Schl€afli
symbol of (42 3 8

2
3 10

2)(42 3 8
4),16 as displayed in Figure 3.

It should be noted that such a (4,4)-connected network
observed in 1 is a new type, which is very different from
other typical (4,4)-connected nets.17

So far, in the limited reports on chiral MOFs, most were
synthesized by choosing chiral species (chiral organic linkers
or chiral metal complexes) as structure directing agents.18

While without any chiral auxiliary, to obain a chiral com-
pound by using an achiral ligand under spontaneous resolu-
tion is possible but harder, because of the great difficulty to
achieve interlinking of the chiral molecular units into a
homochiral structure with high dimensionality and to induce
spontaneous resolution. Compound Zn(hfipbb) with the
P6422 space group was reported recently by Monge et al.,
but they failed to obtain its enantiomer evenwhenmore than
ten crystals were examined.19 We successfully prepared the
spontaneous resolution conglomerations in a one-pot reac-
tion. Compounds 1a and 1b reveal the spontaneous resolu-
tion conglomeration in homochiral coordination polymers
built from an achiral ligand. The effective free volume in 1 is
24.1% (total potential solvent volumeof 726.5 Å3 out of each
unit cell volume of 3019.0 Å3) calculated by PLATON.

Zn(hfipbb)(4,40-bipy) 3DMF (2). When introducing 4,40-
bipy into the Zn-hfipbb system, compound 2 was success-
fully obtained. The asymmetric unit of 2 consists of one
zinc(II), one H2hfipbb ligand, one 4,40-bipy, and one DMF
molecules. The basic second-building unit (SBU) of each
dizinc(II) paddle-wheel cluster is coordinated by two 4,40-bipy
molecules and four carboxylic oxygens from four hfipbb2-

anions. Such tetracarboxylate-bridged dimetallic (e.g.,
Cu2

4þ and Zn2
4þ) paddle wheels have been investigated as

SBUs for the construction of porous MOFs that display gas
storage and separation properties.20 In the dizinc(II) unit,
the bond distances between Zn and carboxylic oxygens are in
the range of 2.027(2)-2.046(2) Å, which is similar to aZn-N
distance of 2.042(2) Å. The intradimer Zn-Zn separation is
2.9774(7) Å, all ofwhich are comparative to those reported.20c,d

The coordination mode of the hfipbb ligand is similar to
that in 1a (Scheme 1), and the bent conformation gives a
dihedral angle of 75.59� between the two benzene rings,
slightly bigger than that in 1a. Notably, each dinuclear Zn(II)
paddle-wheel cluster connects with the other four neighbor-
ing ones by the bent hfipbb ligands, leading to an undulating
(4, 4) net with a rhombic window (Figure 4a). The window
sizes between adjacent centers of dinuclear zinc subunits of
the net are 13.639(4)� 13.639(4) Å2. As shown in Figure 4,
the left- and right-hand helical chains appear alternatively
by sharing the paddle-wheel clusters, resulting in the forma-
tion of the 1D helical nanochannels in the covalent skeleton
of this 2D sheet, with two DMF molecules located in each
channel. The effective free volume in 2 is 27.1% (total poten-
tial solvent volume of 848.0 Å3 out of each unit cell volume of
3128.2 Å3) by the PLATON calculation.

Scheme 1. Coordination Modes of hfipbb Ligand in (a) 1 and 2, and in (b) 3

Figure 1. View of the 3D structure of 1a along the c-axis. The hy-
drogen atoms and isolated water molecules are omitted for clarity.
L and R indicate the left- and right-handed helical channels, res-
pectively.
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Cd(hfipbb)(DMF) 3 0.5DMF (3). Compound 3 was obta-
ined when we tried to replace Zn with Cd, but the 4,40-bipy
molecule was not coordinated in the Cd system even if it was
added as a reagent. There are two crystallographically inde-
pendent Cd(II) centers in the asymmetric unit. Compared
with Zn(II), Cd(II) usually adopts more coordinated atoms,
owing to a larger ion radius. The Cd(1) atom is coordinated
by six oxygens with a seriously distorted octahedral config-
uration. There are also two weak Cd-O contacts of 2.671(0)
Å, which can be considered as secondary coordination
bonds. All eight oxygens are from four separate hfipbb
ligands in a chelated bidentate coordination fashion. The
Cd(2) atom in the lattice presents a classical six-coordinate
octahedral configuration with two symmetric DMF mole-
cules on the axial vertex and four separate monondentate
carboxylate oxygen atoms on the basal plane. All the Cd-O
and Cd-Nbond distances fall into the normal ranges.15 The
unique H2hfipbb ligand in the bent conformation gives a
dihedral angle of 72.94� between the two benzene rings,
which bridges two Cd(2) atoms and chelates bidentately
two Cd(1) atoms (Scheme 1, Figure S5). In such a connection,

each Cd(1) connects with the other four neighboring ones by
sharing the bent hfipbb ligands, leading to an undulating
(4,4) net with a rhombic window (Figure 5a). The window
sizes between adjacent centers of Cd(1) of the net are
14.218(2)� 14.218(2) Å2, which is similar to that in 2. But
the existing difference in them is the two identical helical
layers are interpenetrated to present parallel 2D to 2D layers
in 3 (Figure 5a and b). Upon 2-fold parallel interpenetration,
the 1D double helical nanochannels are formed. The Cd(2)
ions are connected by hfipbb ligands and DMFmolecules to
form a linear chain along the c-axis (Figure 5c). Such chains
are further interconnected with the helical double-layers by
sharing hfipbb ligands into a complicated layered structure
of compound 3 (Figure S6).

Thermal Stability Analyses. To examine the thermal sta-
bility of compounds 1-3, thermal gravimetric (TG) analyses
were carried out (Figure S8). The TG curve of 1 exhibits two
steps of weight loss. The first weight loss is 9.00% in the
temperature range of 85-230 �C, which corresponds to the

Figure 2. Space-filling representation of enantiomeric double helices in (a) 1a and (b) 1b, and octuple helices in (c) 1a and (d) 1b, highlighting
the extra long pitch. L and R indicate the left- and right-handed helical chains, respectively.

Figure 3. Topological view of the 3D network of 1a along the
c-axis.

Figure 4. (a) Schematic representation of 1D helical channels in 2D
layers in 2. (b) Space-filling representation of the left- and right-
handed chains. (c) View of the structure of 2 along the b-axis; DMF
molecules located in the helical channels are highlighted by space-
filling mode.
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loss of isolated water and DMF molecules (calcd 9.09%),
followed by a plateau. The framework starts to decompose at
around 300 �C and does not end until 500 �C. Compound 2

starts to lose uncoordinatedDMFmolecules around 100 �C,
followed by decomposition of the organic ligands. It gives a
total weight loss of 88.26% in the range of 100-490 �C,
which agrees with the calculated value of 88.12%. The
remaining weight of 11.74% indicated that the final product
was ZnO (calcd 11.88%). In contrast, three steps of weight
losses happen to compound 3. The weight loss between 60
and 200 �C corresponds to the release of isolated DMF
molecules (calcd 5.95%, obsd 5.67%), immediately followed
by losing the coordinated DMF until around 280 �C (calcd
11.90%, obsd 11.50%). The framework stabilizes until
around 340 �C, and the organic ligand starts to combust
upon further heating.

Photoluminescence Properties. Taking into account the
excellent luminescent properties of d10 metal complexes,
the solid-state luminescence of compounds 1-3 was investi-
gated. It can be observed that strong emissions occur at
around 425 nm for 2 and 3, under λex = 354 nm (for 2) and
313 nm (for 3), whereas weaker fluorescence occurs at the
same position for 1 under λex = 354 nm (Figure 6). To
understand the nature of the emission band, the photolumi-
nescence properties of the H2hfipbb ligand were also ana-
lyzed. It was found that the weak emission at 595 nm could
be observed for free H2hfipbb ligand under λex = 435 nm
(Figure S9). The lower intensities of the emission bands for
compound 1 compared with 2 and 3 are possibly due to the
quenching effect of the luminescent state by high-frequency

vibrating water molecules.21 The emission bands for 1-3

maybe due to σ-donation from the carboxylate ligands to the
Zn(II) or Cd(II) center and are tentatively attributed to the
ligand-to-metal charge transfer (LMCT).22 The photolumi-
nescence properties of these compounds indicate that com-
pounds 2 and 3may be candidates for potential photoactive
materials.

Conclusion

In summary, we have developed a rational synthetic strat-
egy that successfully provides four helical d10 metal-hfipbb
complexes by properly choosing the V-shaped dicarboxylate
ligand. Even though the H2hfipbb ligand displays different
coordination modes and the DMF molecules play various
roles in different compounds;bonding with ametal center or
remaining uncoordinated inside the helical channels, the
helical character always exists in these compounds. The
successful isolation of four solid materials not only affords
new complexes with interesting structures but also helps us to
further understand the essence of helix character. The rational
design idea depicted in this work may be a promising techni-
que for the exploration of many other novel MOFs with
helical or chiral characters.
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