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Two new coordination polymers, [Zn(p-CH3C6H5SO3)2(bpp)2]n (1) and
[Cu2(SCN)2(NO3)2(bpp)4]n (2) (bpp¼ 1,3-bis(4-pyridyl)propane), have been synthesized and
characterized. Single crystal X-ray diffraction analysis reveals that 1 and 2 exhibit 2-D layer
networks composed of alternate left-handed and right-handed bpp-containing helical chains by
sharing Zn(II) in 1 and Cu(II) in 2. Compound 1 exhibits a 2-D undulated double-helical
network, while 2 shows a two-fold interpenetrated 2-D double-helical network. p-Toluene
sulfonates select Zn2þ rather than Cu2þ to coordinate, while both SCN� and NO�3 select Cu2þ

rather than Zn2þ, indicating that the specific organic ligand shows preference/selectivity when
different types of metal ions are concurrently present. As a consequence, anionic ligands of
different structures impose remarkable influence on the structures of the resultant compounds.
Compound 1 shows a broad peak at 415 nm in its emission spectrum, indicating an efficient
energy transfer.

Keywords: Double helical networks; Interpenetration; Preparation; Transition metal
compounds

1. Introduction

Helical coordination polymers have potential applications in chiral separations,
asymmetric catalysis and nonlinear optics [1–4]. A promising strategy for construction
is the assembly of small components into extended polymeric materials [1]. Versatile
ligands that can bind to several metal centers and direct the assembly into extended
coordination polymers with desired helical structures and properties are necessary [5, 6].
Previous studies have shown that flexible ligands can fulfill the requirement [7]; for
example, a large number of 1-D helical chains, 2-D helical layers, and 3-D helical metal-
organic coordination polymers [3b, 6d, 8–11] have been synthesized by using flexible
organic ligands [1e, 3b, 6d, 8–11].

Among various flexible organic ligands, we are interested in 1,3-bis(4-pyridyl)pro-
pane (bpp) ligand for the construction of helical frameworks [12] because bpp possesses
Fexibility and functionality due to three methylene groups between the two 4-pyridyl
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rings in contrast to 4,40-bipyridyl homologues [13]. Due to varying orientations of
methylene groups, bpp can adopt different ligand conformations, such as TT, TG, GG,
and GG0 (T¼ trans and G¼ gauche) [14]. Some polymers based on bpp have been
reported, all featuring helical structures [15–17]. Besides the ability to form helical
structures, bpp can construct interpenetrated structures through the assembly process
with metal cations. Many bpp-based metal-organic coordination polymers show
interpenetrated structures [15a, 18]. However, coordination polymers possessing both
helical and interpenetrated structures are rare [1e, 15a], and the design and synthesis of
helical coordination polymers with interpenetrated structures is still a challenge for
crystal engineering.

By carefully comparing the bpp-based metal-organic coordination polymers featur-
ing either helical or interpenetrating characters, it was noticed that size, type, and
configuration of anionic ligands often impose decisive influence on the resultant helical
and/or interpenetrated structures [15–18]. However, influence from anionic ligands still
needs systematic studies to en route the rational design and construction of bpp-
containing helical structures.

In order to investigate the synthetic regularity and influence of anionic ligands on the
structures, bpp was chosen to react with Cu(II) or Zn(II) salts in the presence of
p-toluenesulfonate, NO�3 and NSC�, which are different with respect to their size and
configuration. As a consequence, two new 2-D helical coordination polymers, [Zn(p-
CH3C6H4SO3)2(bpp)2]n (1) and [Cu2(SCN)2(NO3)2(bpp)4]n (2), were obtained. In this
article, the syntheses, characterizations, structures and properties of the two new
polymers are reported.

2. Experimental

2.1. Materials and equipment

All materials were of reagent grade, obtained from commercial sources, and used
without purification. Elemental analyses for C, H, and N were performed on a Perkin-
Elmer 240C analytical instrument. IR spectra were recorded on a Nicolet FTIR-170SX
spectrophotometer as KBr pellets from 4000 to 400 cm�1. Thermogravimetric analysis
was carried out on a NETZSCH STA 449C unit at a heating rate of 5�Cmin�1.
Excitation and emission spectra were measured with a Hitachi F-7000FL fluorescence
spectrophotometer with both excitation and emission slits of 2.5 nm for 1 in the solid
state using a xenon arc lamp (150w). Powder X-ray diffraction (XRD) measurements
were performed on a Rigaku-Dmax 2500 diffractometer at a scanning rate of 15�min�1

in the 2� range from 5� to 50�, with graphite monochromated Cu-Ka radiation
(�¼ 0.15405 nm).

2.2. Syntheses of 1 and 2

2.2.1. Synthesis of 1. To a solution of Zn(NO3)2 � 6H2O (0.25mmol, 0.074 g) and
sodium p-toluenesulfonate (0.5mmol, 0.098 g) in 8mL of distilled water, bpp
(0.25mmol, 0.050 g) in 8mL ethanol was added dropwise under stirring. After stirring
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for 1 h, the solution was filtered and the filtrate was left undisturbed at room
temperature for crystallization. After 3 days, colorless block crystals were harvested
from the filtrate with a yield of 0.073 g (72.6% based on bpp). Anal. Calcd for
C40H42N4O6S2Zn (%): C, 59.73; H, 5.26; N, 6.97. Found (%): C, 59.68; H, 5.22; N,
6.96. Fourier transform IR (KBr, cm�1): 3442(w), 3086(w), 2962(w), 2889(w), 1626(s),
1431(s), 1261(s), 1194(vs), 1044(s), 822(m), and 570(m).

2.2.2. Synthesis of 2. To a solution of NH4SCN (3mmol, 0.228 g) in 10mL of
methanol, Cu(NO3)2 � 3H2O (1mmol, 0.242 g) in 5mL of methanol was added dropwise
under stirring. The resultant solution was stirred for 5min, and then 5mL of a
methanol solution containing bpp (2mmol, 0.396 g) was added, resulting instantly in a
large amount of grass green solid precipitates. DMF (35mL) was added dropwise to
completely dissolve the green precipitates, then the solution was stirred for further 0.5 h,
filtered, and left undisturbed at room temperature. Dark blue block crystals were
harvested after 5 days from the mother solution with a yield of 0.475 g (82.1% based on
bpp). Anal. Calcd for C54H54Cu2N12O6S2 (%): C, 55.99; H, 4.69; N, 14.51. Found (%):
C, 55.94; H, 4.66; N, 14.50. Fourier transform FT-IR (KBr, cm�1): 3430(m), 3081(w),
2938(w), 2866(w), 2056(s), 1620(vs), 1560(w), 1386(vs), 1314(s), 1071(m), 810(m),
and 516(m).

2.3. X-ray structure analyses

Diffraction intensities for 1 and 2 were collected at 293(2) K on a computer-controlled
Bruker APEXII CCD area-detector equipped with graphite monochromated Mo-Ka,
with a radiation wavelength of 0.71073 Å using the !-scan technique. The structures
were solved by direct methods and refined with full-matrix least squares using the
SHELXS-97 and SHELXL-97 programs [19].

Anisotropic thermal parameters were assigned to all non-hydrogen atoms. Organic
hydrogen atoms were set in calculated positions and refined as riding with a common
fixed isotropic thermal parameter. The crystal data and refinements of 1 and 2 are
summarized in table 1. Selected bond lengths and angles for 1 and 2 are listed in table 2
(Supplementary material).

3. Results and discussion

3.1. Descriptions of the structures

3.1.1. Crystal structure of 1. Compound 1 crystallizes in the orthorhombic system,
space group Pnna. The asymmetric unit of 1 contains one crystallographically
independent Zn(II), one p-toluenesulfonate, and one bpp (figure 1). Each Zn(II) is
six-coordinate with four nitrogen atoms from four different bpp and two oxygen atoms
from two different p-toluenesulfonates. Zn(II) is octahedral with bond distances of
2.1916(18) Å for Zn1–N1, 2.2092(19) Å for Zn1–N2, and 2.1983(18) Å for Zn1–O2,
respectively. The O–Zn–N, O–Zn–O, and N–Zn–N bond angles vary from 85.93(10)� to
178.79(6)�. All bond lengths and angles in 1 are within the normal ranges and conform
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Table 2. Selected bond lengths and angles for 1 and 2.

1

N(1)–Zn(1) 2.1916(18) Zn(1)–N(1)#3 2.1916(18)
N(2)–Zn(1) 2.2092(19) Zn(1)–O(2)#3 2.1983(18)
O(2)–Zn(1) 2.1983(18) Zn(1)–N(2)#3 2.2092(19)

N(1)–Zn(1)–N(1)#3 86.69(10) N(1)#3–Zn(1)–N(2)#3 93.70(7)
N(1)–Zn(1)–O(2) 89.76(7) O(2)–Zn(1)–N(2)#3 91.38(7)
N(1)#3–Zn(1)–O(2) 91.15(7) O(2)#3–Zn(1)–N(2)#3 87.70(7)
N(1)–Zn(1)–O(2)#3 91.15(7) N(1)–Zn(1)–N(2) 93.70(7)
N(1)#3–Zn(1)–O(2)#3 89.76(7) O(2)–Zn(1)–N(2) 87.70(7)
O(2)–Zn(1)–O(2)#3 178.75(9) O(2)#3–Zn(1)–N(2) 91.38(7)
N(1)–Zn(1)–N(2)#3 178.79(6) N(2)#3–Zn(1)–N(2) 85.93(10)

2

Cu(1)–O(1) 2.636(25) Cu(2)–O(4) 2.645(17)
Cu(1)–N(1) 2.021(4) Cu(2)–N(8) 2.030(4)
Cu(1)–N(4) 2.026(4) Cu(2)–N(7) 2.039(5)
Cu(1)–N(3) 2.033(4) Cu(2)–N(5) 2.051(5)
Cu(1)–N(2) 2.046(4) Cu(2)–N(6) 2.039(4)
Cu(1)–N(9) 2.419(6) Cu(2)–N(10) 2.363(6)

N(1)–Cu(1)–N(4) 90.34(17) N(8)–Cu(2)–N(7) 91.20(18)
N(1)–Cu(1)–N(3) 176.20(19) N(8)–Cu(2)–N(5) 87.41(18)
N(4)–Cu(1)–N(3) 89.49(17) N(7)–Cu(2)–N(5) 174.52(19)
N(1)–Cu(1)–N(2) 92.85(17) N(8)–Cu(2)–N(6) 176.71(19)
N(4)–Cu(1)–N(2) 176.12(17) N(7)–Cu(2)–N(6) 90.62(18)
N(3)–Cu(1)–N(2) 87.18(17) N(5)–Cu(2)–N(6) 90.53(18)
N(1)–Cu(1)–N(9) 90.83(19) N(8)–Cu(2)–N(10) 91.24(18)
N(4)–Cu(1)–N(9) 93.5(2) N(7)–Cu(2)–N(10) 93.62(18)
N(3)–Cu(1)–N(9) 92.96(19) N(5)–Cu(2)–N(10) 91.71(18)
N(2)–Cu(1)–N(9) 88.66(18) N(6)–Cu(2)–N(10) 91.38(19)
O(1)–Cu(1)–N(1) 88.386(173) O(4)–Cu(2)–N(5) 85.835(184)
O(1)–Cu(1)–N(2) 87.836(171) O(4)–Cu(2)–N(6) 92.268(179)
O(1)–Cu(1)–N(3) 87.847(173) O(4)–Cu(2)–N(7) 88.752(183)
O(1)–Cu(1)–N(4) 90.024(171) O(4)–Cu(2)–N(8) 85.020(179)
O(1)–Cu(1)–N(9) 176.380(171) O(4)–Cu(2)–N(10) 175.607(171)

Symmetry transformations used to generate equivalent atoms. For 1: #3 �xþ 1, �yþ 1, �zþ 1.

Table 1. Crystallographic data for 1 and 2.

Compound 1 2

Empirical formula C40H42N4O6S2Zn C54H54Cu2N12O6S2
Formula weight 804.27 1158.29
Crystal system Orthorhombic Monoclinic
Space group Pnna P2(1)/n
Unit cell dimensions (Å, �)
a 23.900(5) 18.140(4)
b 17.290(4) 16.170(3)
c 9.3100(19) 20.660(4)
� 90 90
� 90 114.05(3)
� 90 90
Volume (Å3), Z 3847.2(13), 4 5534.0(19), 4
Calculated density (Mgm�3) 1.389 1.390
Absorption coefficient (mm�1) 0.799 0.904
F(000) 1680 2400
Goodness-of-fit on F2 1.000 1.003
Final R indices [I4 2�(I)]a R1¼0.0390 R1¼0.0609
R indices (all data)b wR2¼0.1501 wR2¼0.1237
Largest difference peak and hole (e Å�3) 0.674 and �0.700 0.490 and �0.363

aR1¼�jjFoj � jFcjj/�jFoj.
bwR2¼�[w(F 2

o �F 2
c )

2]/�[w(F 2
o )

2]1/2.
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to those described in the literature [20]. The two oxygen atoms are apical and four
nitrogen atoms are situated at the basal plane.

In 1, bpp adopts TG conformation with N-to-N distance being 9.16 Å. As shown in
figure 2(a), neighboring Zn(II) ions are interconnected via nitrogen atoms of bpp
forming 1-D left-handed and right-handed helical chains, both with a screw pitch of ca
9.3 Å along the crystallographic 21 screw axis. Adjacent left-handed and right-handed
helical chains then assemble alternately through sharing Zn(II) ions into a 2-D
undulated helical layer. In the layer, four bpp ligands and four Zn(II) ions form a
repeating regular rhombic grid with a side length of 12.82 Å based on the Zn� � �Zn
distance, ffZn–Zn–Zn angles of 42.6� and 137.4� (figure 2b).

3.1.2. Crystal structure of 2. Compound 2 crystallizes in the monoclinic system, space
group P2(1)/n. As shown in figure 3, in one asymmetric unit there are two
crystallographically independent Cu(II) ions, four bpp, two NO�3 , and two NSC�.
Each Cu1 and Cu2 is six-coordinate with four nitrogen atoms from four different bpp,
one nitrogen atom from a NSC� and one oxygen atom from NO�3 . The distances of
Cu1–N are 2.021(4) Å for (Cu1–N1), 2.046(4) Å for (Cu1–N2), 2.033(4) Å for (Cu1–
N3), 2.026(4) Å for (Cu1–N4), and 2.419(6) Å for (Cu1–N9). The distances of Cu2–N
are 2.051(5) Å for (Cu2–N5), 2.039(4) Å for (Cu2–N6), 2.039(5) Å for (Cu2–N7),
2.030(4) Å for (Cu2–N8), and 2.363(6) Å for (Cu2–N10). The distances of Cu–O are
2.636(25) Å for (Cu1–O1) and 2.645(17) Å for (Cu2–O4). The O–Cu–N and N–Cu–N
bond angles vary from 85.020(179)� to 176.380(171)� and 87.18(17)� to 176.71(19)�,
respectively. All bond lengths and angles in 2 are within the normal range and conform
to those described in [21].

The four bpp in an asymmetric unit adopt three different conformations: both the
N2/N3- and N1/N4-containing bpp linking Cu1 adopt GG0 and TG conformations
with N-to-N distances of 8.27 and 9.13 Å, respectively, while both N6/N7- and N5/N8-
containing bpp connecting Cu2 adopt TT and GG0 conformations with N-to-N

Figure 1. (Color online) View of the asymmetric unit in 1. Hydrogen atoms were deleted for clarity. Color
code: Zn, cyan; O, red; N, blue; C, black and S, yellow.

3032 L. Zhang et al.
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distances of 9.44 and 8.14 Å, respectively. As shown in figure 4(a), neighboring Cu2 ions
are interconnected via nitrogen atoms of bpp forming 1-D left-handed and right-handed
helical chains, both with a pitch of ca 9.3 Å. Adjacent left-handed and right-handed
helical chains are then assembled alternately through sharing Cu2 ions into a 2-D
undulated helical layer (denoted Cu2-bpp layer). Like the situation for Cu2,

Figure 3. (Color online) Asymmetric unit in 2. Hydrogen atoms are deleted for clarity.

Figure 2. (Color online) View of the space-filling plot of the 2-D layer composed of left-handed (in pink)
and right-handed (in cyan) helical double chains (blue balls stand for Zn ions) in 1 (a); the simplified repeating
grid in the 2-D layer with labeled side lengths and angles in 1 (b). All H atoms and p-toluenesulfonates are
omitted for clarity.
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neighboring Cu1 ions also produce a 2-D undulated helical layer (denoted Cu1-bpp
layer) composed of 1-D left-handed and right-handed helical chains, both with a pitch
of ca 9.3 Å. Both the Cu1-bpp layer and Cu2-bpp layer can be simplified as 2-D grids
composed of repeating irregular quadrilaterals that comprise four bpp and four Cu
ions. The Cu1-bpp layer and Cu2-bpp layer are slightly different due to different
conformations adopted by bpp. Each repeating irregular quadrilaterals of the Cu1-bpp
layer has side lengths of 12.55 and 11.78 Å based on Cu1� � �Cu1 distances and angles of
80.2, 86.7, 96.4, and 96.4�, as shown in figure 4(b), while each of the repeating irregular
quadrilaterals of Cu2-bpp layer has side lengths of 12.89 and 11.48 Å based on
Cu2� � �Cu2 distances and angles of 77.7, 89.6, 96.0, and 96.0� in Cu2-bpp layer, as
shown in figure 4(c). Sizes of the irregular quadrilaterals in both the Cu1-bpp and Cu2-
bpp layer are large enough to allow Cu1-bpp layer to interpenetrate the Cu2-bpp layer.
Indeed, the Cu1-bpp layer and Cu2-bpp layer in 2 interpenetrate each other within a
plane and give a two-fold parallel interpenetrated 2-D double helical layer network
(figure 4d), without the presence of solvent. Though bpp-based two-fold parallel
interpenetrated 2-D networks were reported several years ago [18a, 22], studies on the
2-D interpenetrated networks with double helical structures are little explored [1e, 15a].

3.2. Discussion on the synthesis and structures of 1 and 2

Compound 1 is obtained from the reaction of Zn(NO3)2 � 6H2O, bpp, and sodium
p-toluene sulfonate. Addition of Cu(NO3)2 � 3H2O into the above system does not affect
the formation of 1. An effort to get an analog of 1 by reacting bpp and sodium
p-toluene sulfonate with Cu(NO3)2 � 3H2O instead of Zn(NO3)2 � 6H2O has proved

Figure 4. (Color online) View of the space-filling plot of the 2-D layer (Cu2-bpp layer) in 2 composed of left-
handed (in pink) and right-handed (in cyan) double helical chains (a); view of the repeating irregular
quadrilateral of the 2-D Cu1-bpp layer in 2 (b); view of the repeating irregular quadrilateral of the 2-D Cu2-
bpp layer in 2 (c); view of two-fold interpenetrated layer structure of 2 (Cu1-bpp layer in pink, Cu2-bpp layer
in blue) (d). Hydrogen atoms, NCS�, and NO�3 are omitted for clarity.
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a failure. Compound 2 is obtained from the reaction system of Cu(NO3)2 � 3H2O,
NH4SCN, and bpp. Addition of Zn(NO3)2 � 6H2O into the system does not affect the
formation of 2. The results show that p-toluene sulfonates select Zn2þ rather than Cu2þ

to coordinate in the system composed of Zn(NO3)2 � 6H2O, Cu(NO3)2 � 3H2O, bpp, and
sodium p-toluene sulfonate to form 1, while SCN� and NO�3 select Cu2þ rather than
Zn2þ to coordinate in the system composed of Zn(NO3)2 � 6H2O, Cu(NO3)2 � 3H2O,
bpp, and NH4SCN, indicating that the ligand shows preference/selectivity when
different types of metal ions are present at the same time. This may be helpful in
designing new Cu-coordination polymers which are a very attractive subject [23].
Anionic ligands (p-MeC6H5SO

�
3 , NO�3 , and SCN�) are monodentate in 1 and 2, and

there is no doubt that the coordination modes of the anionic ligands together with the
flexible bpp are responsible for the formation of 2-D helical layer structures.
Interpenetration occurred in 2 while not in 1 may be due to the steric hindrance of
p-MeC6H5SO

�
3 that is too large to allow interpenetration between the 2-D helical

double layers in 1 (figure 5), despite that the repeating meshes in 1 and 2 are large
enough (figures 2b, 4b, and 4c) for interpenetration of the 2-D layers.

Figure 5. (Color online) The 2-D layers in 1 highlighting (in space-filling mode) the ionic ligands p-
MeC6H5SO

�
3 (in pale green) coordinated to Zn2þ in 1 (a); the 2-D layers in 2 highlighting (in space-filling

mode) the ionic ligands NO�3 (in yellow) and SCN� (in green) coordinated to Cu2þ in 2 (b).
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We also make some comparison and analysis on closely relevant bpp-based metal-
organic polymers in order to understand more the synthetic and structural regularity on
bpp-based interpenetrated and helical structures. Besides the flexibility of bpp, which is
the prerequisite for the formation of helical and/or interpenetrated structures, anionic
ligands such as X� (halides), SO2�

4 , and NCS� are propitious to the formation of
interpenetrated structures due to their small steric hindrance, while large solvent and
neutral molecules filled in the crystal lattice sometimes prevent interpenetration. For
example, the 2-D parallel interpenetrated network [Cu2(bpp)4(NCS)4] could be formed
by using NCS� as an anionic ligand [18a], the three-fold interpenetrated 3-D
architecture [Cu(bpp)2Cl]Cl � 1.5H2O [18f] and four-fold interpenetrated diamond-like
networks [Cu(bpp)2Cl2] � 2.75H2O [18f] by using Cl� as an anionic ligand were obtained,
the compound [Cu2Br2(bpp)2] [15a] containing Br� has a 2-D polycatenane formed by
the interlocking of 1-D double-stranded tubular chains, while [Cu2I2(bpp)2] � (benzene)
and [Cu2I2(bpp)] � (naphthalene) [15a] both containing I� possess only 1-D double-
stranded tubular chains without interpenetration. Each empty space of the double-
stranded 1-D chains in [Cu2I2(bpp)2] � (toluene) and [Cu2I2(bpp)] � (naphthalene) is large
enough and hosts a toluene or naphthalene guest, preventing the interpenetration of
1-D double-strand chains [15a]. Different solvents used in the reaction system may shed
influence on structures and compositions of the resultant compounds, e.g.,
[Cu5(bpp)8(SO4)4(EtOH)(H2O)5](SO4) �EtOH � 25.5H2O [18f] formed from a mixed
solvent of water and ethanol possesses a unique 3-D polycatenated array in which the
1-D ribbons and the 2-D layers are entangled, while [Cu2(bpp)2(HSO4)2] � (SO4) �H2O
formed from DMF features a two-fold inclined interpenetrated 2-D (4, 4) net [18b]. The
three-fold interpenetrated 3-D architecture [Cu(bpp)2Cl]Cl � 1.5H2O [18g] was obtained
from water solution and the four-fold interpenetrated diamond-like networks
[Cu(bpp)2Cl2] � 2.75H2O [18g] were obtained from the ethanol solution.

The above analysis shows that the helicity/interpenetration of bpp-based compounds
can be tuned and varied by simply varying the coordinating anions with different size
and configuration. The strategy can be applied to design and synthesize helical/
interpenetrated compounds based on any flexible ligands, including flexible organic
carboxylic acids [20].

3.3. Luminescent properties of 1

The solid-state emission spectrum of 1 at room temperature is shown in the
‘‘Supplementary material.’’ Compound 1 exhibits an intense broad photoluminescent
emission centered at 415 nm (�exc¼ 364 nm). The photoluminescence of pure ligand is
investigated to ascertain the emission band; p-toluenesulfonic acid sodium salt presents
a weak emission at 345 nm and bpp gives a weak emission at 521 nm (�exc¼ 400 nm).
Accordingly, the broad peak at 415 nm in 1 could be assigned to metal-to-ligand charge
transfer or ligand-to-metal charge transfer [24].

3.4. Thermogravimetric measurements

In order to investigate the thermal properties of 1 and 2, thermogravimetric analyses of
1 and 2 were carried out in air from 20�C to 1000�C and 20�C to 900�C, respectively.
As shown in the ‘‘Supplementary material,’’ the TGA curve of 1 shows the first weight
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loss from 20�C to 448.55�C for the decomposition of two bpp (Found: 48.96%; Calcd:
49.56%). From 448.55�C to 1000�C about 42.33% weight loss is observed, which may
correspond to the decomposition of two p-toluenesulfonates (Calcd: 42.56%). The
weight loss processes are accompanied by one endothermal DTA peak at 217.47�C and
one distinct exothermic DTA peak at 566.13�C.

The TGA curve of 2 (Supplementary material) shows the first weight loss from 20�C
to 177.1�C for the decomposition of one NO�3 (Found: 5.6%; Calcd: 5.34%). From
177.1�C to 533.7�C about 61.8% weight loss is observed, which may correspond to the
decomposition of three bpp, one NO�3 , and one NSC� (Calcd 61.55%). In the third
stage, it experiences a 22.38% weight loss from 533.7 to 594.8�C, which is attributed to
the decomposition of one bpp and one NSC� (Calcd 22.07%). From the DTA curve, it
can be seen that the weight loss processes are accompanied by three distinct exothermic
DTA peaks at 160.37�C, 205.37�C, and 567.86�C.

3.5. XRD patterns

The powder XRD patterns of 1 and 2 are in agreement with those simulated from X-ray
single-crystal data, indicating the homogeneous phases of the final products
(Supplementary material). No other peaks can be found in the pattern, revealing that
there is no impurity in the products.

4. Conclusion

Preparation and characterization of two new transition metal-organic helical coordi-
nation polymers, 1 and 2, are reported by using flexible bpp. Both 1 and 2 exhibit 2-D
layer networks composed of alternate left-handed and right-handed bpp-containing
helical chains, sharing Zn(II) in 1 and Cu(II) in 2. Compound 1 exhibits a 2-D undulated
double helical network and 2 exhibits a 2-fold parallel interpenetrated 2-D layer
network. The difference is attributed to steric influence from the different anions because
both compounds have bpp as the first ligand and their grids within the 2-D layers are
large enough for interlayer interpenetration, i.e., the helicity and interpenetration can be
tuned and varied by simply varying the coordinating anions with different size
and configuration. Given a large number of flexible ligands, coordinating anions of
various types and configurations as well as metal cations with preference/selectivity to
ligands, new helical, or interpenetrated structures will be definitely synthesized if one
applies the strategy by varying reaction conditions such as reagent ratio, pH, and
temperature. Success will help with deeper understanding about the synthetic and
structural regularity of resulting compounds with helical or interpenetrated structures
and the inherent relationship between structure and emerging properties.

Supplementary material

Further details of the crystal structure determination have been deposited in the
Cambridge Crystallographic Data Centre as supplementary publication. CCDC 848810

Double helical networks 3037

D
ow

nl
oa

de
d 

by
 [

R
en

m
in

 U
ni

ve
rs

ity
 o

f 
C

hi
na

] 
at

 1
0:

37
 1

3 
O

ct
ob

er
 2

01
3 



for 1 and CCDC 848811 for 2 contain the supplementary crystallographic data for this
article.
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