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The imidazole-based ligands, bis(imidazol-1-yl)methane (Bizm, 1a) and (pyrenyl)bis(imidazol-1-yl) methane (Pbizm,
2a) were prepared. With LiClO4, these two compounds formed two novel organic−inorganic hybrid materials: a 3D
network polymer Li(Bizm)‚ClO4 (1b) and a 1D chain polymer Li(Pbizm)2‚ClO4 (2b). The intriguing topological and
physiochemical characteristics of 1b and 2b are reported on the basis of the X-ray single-crystal structure analysis
and Li ion binding studies.

I. Introduction

The design and synthesis of molecular inorganic-organic
hybrid materials is an area of hot pursuit because of their
distinctive topology and functional architectural frameworks
and potential applications in energy storage devices, catalysis,
etc.1-3 There is a wealth of information available on
coordination polymers with metal ion connectors and organic
linkers incorporated into their frameworks, which may be
attributed to their distinctive topology, as well as to their
utility.4-8 Although the neutral ditopic nitrogen-containing
ligands, such as pyrazine, 4,4′-bipyridine, and 1,10-phenan-
throline, have been extensively employed,6,9-16 the scope of

preparing coordination polymers from the ditopic bisimida-
zoles remains largely unexplored. Recently, efforts have been
made to incorporate bisimidazolium into naphthalene and
pyridine macrocyclic calix structures, which function as anion
receptors.17-19 Imidazole-lithium complexes are also of
importance because they have applications in electrical
devices, olefin polymerizations, etc.20-22 Room-temperature
ionic liquids derived from imidazole, being nonflammable
and nonvolatile, are widely employed as conductive non-
aqueous electrolytes in high-power-density lithium batteries.23

Recently, lithium salts of imidazole with weakly coordinating
anions have been reported as organic electrolytes.22
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In this article, we discuss the synthesis, as well as the
intriguing topology, of two coordination polymers derived
from bisimidazole by complexation with LiClO4 (see Scheme
1). We contemplate the utility of these versatile ligands in
the fabrication of functional organic-inorganic hybrid
materials. The initial investigations of their frameworks and
thermal and electrochemical properties strongly indicate that
these compounds are promising candidates for applications
in electronic devices, organometallic framework design, and
catalysis in the area of lithium chemistry.

II. Experimental Section

Apparatus and General Procedures.All reagents and solvents
were available commercially.1H NMR and13C NMR spectra were
performed on a Bruker ADVANCE-DPX500 (500 MHz) spec-
trometer at 298 K. The7Li NMR spectra was recorded on a Bruker
AVANCE-DRX500 spectrometer with a standard Bruker double-
tuned 4 mm probe:7Li 194.369 MHz. Chemical shifts of7Li NMR
was externally referenced to 1 M LiClO4‚3(H2O)(in CH3CN). TGA
measurements were recorded on a TA Instruments TA 50 as a 5%
weight loss temperature at a scan rate of 10°C/min.

Electrochemical experiments for a conductivity measurement and
cyclovoltammetry analysis were carried out using an EG & G PAR
model 273A potentiostat/galvanostat interfaced with a computer.
The ionic conductivity was measured in a typical conductivity cell
with two platinum pellets as an electrode. Cyclic voltammograms
were measured in a three-electrode cell using a 1.0 mm diameter
glassy-carbon disk working electrode, a silver-wire reference
electrode, and a platinum-gauze counter electrode. The potential
was measured by cyclic voltammetry (CV) at room temperature in
0.4 M [nBu4N][PF6]/CH3CN.

High-resolution mass spectra were obtained on a Micromass
Platform II mass spectrometer. Imidazole and pyrene carboxalde-
hyde were purchased from Aldrich.

Synthesis and Characterization of 1a and 2a. 1awas prepared
according to the literature method24,25and sublimated for purifica-
tion at 180°C under high vacuum. The pyrenyl derivative2a was
prepared by the reaction between pyrene carboxaldehyde (500 mg,
2 mmol), bis(imidazolyl)ketone (400 mg, 2 mmol), and CoCl2‚
6(H2O) (4 mg, 0.02 mmol) at 80°C for 2 h. Subsequent column
chromatography over silica gel using CHCl3/MeOH (99:1 vol %)

gave the compound as a fine white powder in a 60% yield (mp)
123 °C). 1H NMR (500 MHz, CDCl3): δ 8.45 (s, 1H), 8.31 (d,J
) 7.4 Hz, 1H), 8.27 (d,J ) 7.4 Hz, 1H), 8.20-8.16 (m, 3H), 8.11
(d, J ) 7.8 Hz, 2H), 7.91 (d,J ) 9.2 Hz, 1H), 7.60 (s, 2H), 7.34
(d, J ) 8 Hz, 1H), 7.22 (s, 2H), 6.97 (s, 2H).13C NMR (125 MHz,
CDCl3): δ 137.3, 133.1, 130.8, 129.7, 129.5, 129.3, 128.9, 128.5,
127.7, 127.2, 126.8, 126.5, 126.3, 125.1,125.0, 124.4, 123.6, 121.1,
119.2, 68.5. ESI-MS:m/z 349.23 [M + H+].

Crystallization of 1b and 2b. Colorless cubic crystals of1b
and colorless needle crystals of2b were obtained by slow
evaporation of a CH3CN solution at room temperature. Also,
identical crystals of1b and2b were obtained at various molar ratios
(LiClO4/1a and LiClO4/2a ) 4:1, 2:1, 1:1, 1:2, and 1:4) under the
same conditions. After isolation of1b and2b, the excess of LiClO4‚
3(H2O) and1a or 2a were characterized individually with X-ray
single-crystal analysis and1H NMR spectroscopy.

Crystals of compound1b and2b were removed from the flask
and covered with a layer of hydrocarbon oil. A suitable crystal
was selected, attached to a glass fiber, and placed in the apparatus
at the room temperature. Data for1b and2b were collected at 298-
(2) K using a Bruker/Siemens SMART APEX instrument (Mo KR
radiation,λ ) 0.71073 Å) equipped with a Cryocool NeverIce low-
temperature device. Data were measured usingω and2θ scans of
0.3° per frame for 10s, and a full sphere of data was collected. A
total of 1380 frames were collected with a final resolution of 0.75
Å. The first 48 frames were recollected at the end of data collection
to monitor for decay. Cell parameters were retrieved using
SMART26 software and refined using SAINT Plus27 on all observed
reflections. Data reduction and correction for Lp and decay were
performed using the SAINT Plus software. Absorption corrections
were applied using SADABS.28 The structure was solved by direct
methods and refined by full-matrix least-squares method onF2 using
the SHELXTL program package. All atoms were refined aniso-
tropically, and hydrogen atoms were placed in calculated positions.
No decomposition was observed during data collection. CIF files
of the data collection and refinement are provided in the Supporting
Information. Crystallographic data for the structures reported in this
paper have been deposited with the Cambridge Crystallographic
Data Centre. Detailed data collection and refinement of the two
complexes are summarized in Table 1. Selected bond distances and
angles are summarized in Table 2.

III. Results and Discussion

The coordination polymer [Li(Bizm)]+‚[ClO4]- (1b) was
prepared by a one-step reaction of LiClO4‚3(H2O) and bis-
(imidazol-1-yl)methane (Bizm,1a) in acetonitrile. The
resulting solution afforded colorless cubic single crystals in
excellent yield via crystallization. The crystals of1b, which
were insoluble in acetonitrile, were dissolved easily in an
acetonitrile/water (9:1) mixture. The addition of excess
amounts of Bizm in acetonitrile also afforded [Li(Bizm)]+‚
[ClO4]- (1b) as the sole product.

The next attempt is to synthesize novel (pyrenyl)bis-
(imidazole)methane (Pbizm,2a) introducing the delocalized
π-electron system withπ-π-facial topology29 between
attached imidazole- and pyrene-moieties, which would have
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possible applications in electrical conductors and photosensi-
tive organic devices.30,312a was synthesized by the reaction
of diimidazolyl ketone with pyrene carbaldehyde in the
presence of CoCl2‚6(H2O) at 80°C for 2 h.24,25 Chromato-
graphic purification of the reaction mixture afforded2a as
an off-white powder which was subsequently characterized

by 1H NMR, 13C NMR, and mass spectra analyses. Further,
2a was dissolved in acetonitrile and was added dropwise to
an equimolar solution of LiClO4‚3(H2O) in acetonitrile for
an hour. Subsequent slow evaporation of this solution at 20
°C yielded colorless needle-shaped crystals of Li‚(Pbizm)2‚
[ClO4]‚(CH3CN) (2b), which were later subjected to X-ray
crystallographic investigations.

X-ray Crystal Structures. From the X-ray crystal-
lographic analysis, [Li(Bizm)]+[ClO4]- was found to exist
as a tetragonal unit cell with the chiral space groupP41 (a
) 9.151(2) Å,c ) 13.023(5) Å), which is typical for the
helical translation structure because of the inorganic Li salts
along thec axis (Figure 1 and Table 1). The Li atom is
tetrahedrally coordinated with two nitrogen atoms of Bizm
and two oxygen atoms of two [ClO4]- anions on either side.
The Bizm moieties serve as bridges between lithium atoms
forming a zigzag pattern, leading to a one-dimensional
coordination polychain structure with normal Li‚‚‚N-
distances (2.008(8) Å and 1.997(8) Å). The coordination
angle (∠(N1‚‚‚Li ‚‚‚N4′)) was found to be 108.1°. A single
chain of the lithium-bridged polystructure is oriented parallel
to thec axis and perpendicular to the next layer with a 1:1
binding ratio of the Bizm ligand to the lithium ion. The
anhydrous LiClO4 structure, being a NiAs-type with a
3-dimensional network,32,33was found to reorient into helical
chains composed of Li+ and [ClO4]- ions with a contact
distance of 1.958/2.003 Å for the chain unit (‚‚‚Li +‚[‚‚O-
Cl(O2) -O‚‚]-‚‚‚), when complexed with Bizm ligands.
Thus, the crystal structure of1b is the first example for a
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Table 1. Crystallographic Data and Refinement Parameters for
Li(Bimz)·ClO4 (1b) and Li(Pbizm)·ClO4 (2b)

Li(Bimz)‚ClO4 (1b) Li(Pbizm)2ClO4 (2b)

mol formula C7H8ClLiN4O4 C48H35ClLiN9O4

fw 254.56 844.24
T (K) 293(2) K 293(2)
λ (Å) 0.71073 0.71073
cryst syst tetragonal orthorhombic
space group P4(1) Abm2
cryst size (mm3) 0.1× 0.1× 0.1 0.30× 0.10× 0.10
a (Å) 9.151(2) 12.318(7)
b (Å) 9.151(2) 22.840(13)
c (Å) 13.023(5) 14.759(8)
V (Å3) 1090.7(6) 4152(4)
Z 4 4
Dc (Mg/m3) 1.550 1.350
µ (mm-1) 0.357 0.150
F(000) 520 1752
index ranges -9 e h e 11 -16 e h e 16

-11 e k e 11 -29 e k e 26
-16 e l e 15 -195e l e 15

reflns collected 6431 12 846
reflns independent 2181 4617

R(int) ) 0.0293 R(int) ) 0.0505
data/restraints/params 2181/1/154 4617/1/294
GOF onF2 0.967 0.911
absolute structure params -0.02(8) -0.19(13)
R1, wR2, [I > 2σ(I)]a 0.0399, 0.0815 0.0600, 0.1619
R1, wR2, (all data)a 0.0562, 0.0867 0.0996, 0.1765
∆Fmin and∆Fmax (e Å-3) 0.242 and-0.148 0.613 and-0.402

a R1 ) [∑||Fo| - |Fc||/∑|Fo|; wR2 ) {∑[w(Fo
2 - Fc

2)2]/∑[w(Fo
2)2]}1/2;

w ) 1/[σ2(Fo
2) + (aP)2 + bP], whereP ) [2Fc

2 + max(Fo
2,0)]/3.

Table 2. Selected Bond Lengths (Å) and Angles (deg) for1b and2ba

1b
Li-O(1) 2.003(8) Li-N(1) 2.008(8)
Li-O(4′)#1 1.957(9) Li-N(4′)#2 1.997(8)
Cl(1)-O(1) 1.433(4) Cl(1)-O(3) 1.333(5)
Cl(1)-O(2) 1.355(6) Cl(1)-O(4) 1.316(6)

O(4′)#1-Li-O(1) 95.8(5) N(4′)#2-Li-N(1) 108.1(4)
O(4′)#1-Li-N(4′)#2 107.9(4) O(4′)#1-Li-N(1) 105.4(5)
N(4′)#2-Li-O(1) 115.6(4) O(1)-Li-N(1) 121.9(4)
Cl(1)-O(1)-Li 126.7(3) O(1)-Cl(1)-O(2) 108.0(4)
Cl(1)-O(4)-Li#3 156.8(6) O(1)-Cl(1)-O(4) 106.2(3)

2b
Li(1)-N(1) 2.033(5) N(4)-Li(1′)#4 2.052(5)
Cl(1)-O(1) 1.296(11) Cl(1)-O(3) 1.292(8)
Cl(1)-O(2) 1.369(11) Cl(1)-O(3)#5 1.292(8)

N(1)#1-Li(1)-N(1) 109.7(4) N(1)#1-Li(1)-N(4)#3 111.2(1)
N(1)#1-Li(1)-N(4)#2 107.0(1) N(1)-Li(1)-N(4)#3 107.0(1)
N(1)-Li(1)-N(4)#2 111.2(1) N(4)#2-Li(1)-N(4)#3 110.7(4)
O(3)-Cl(1)-O(2) 108.3(6) O(3)#5-Cl(1)-O(3) 124.2(13)
O(1)-Cl(1)-O(2) 125.2(11) O(3)-Cl(1)-O(1) 95.9(6)

a Symmetry transformations used to generate equivalent atoms.1b: #1
y, -x + 1, z - 1/4; #2x - 1, y, z; #3 - y + 1, x, z + 1/4. For2b: #1 -x
+ 1, -y + 1, z; #2 -x + 1, y + 0, z - 1/2; #3x, -y + 1, z - 1/2; #4x,
-y + 1, z + 1/2; #5x, -y + 1/2, z.

Figure 1. (a) ORTEP view of the Li(Bizm)‚ClO4 molecular structure and
the zigzagpolycoordination structure for lithium ions and bisimidazoles.
(b) Unit cell structure of Li(Bizm)‚ClO4 viewed along theb axis, showing
a fragment of the helical polystructure formed by the lithium and perchlorate
anions.
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lithium coordinated helical ionic polystructure which is
similar to the vanadium/cobaltoxo hybrid coordination poly-
structure.35

The reaction of2a with LiClO4‚3(H2O) yields the coor-
dination polymer Li‚(Pbizm)2‚[ClO4]‚(CH3CN) (2b) (Figure
2). It is a noncentric orthorhombic system (Abm2), wherein
two racemic conformations of Pbizm structures were ob-
served in the unit cell (Table 1). The central Li atom is almost
in a regular tetrahedral coordination with four nitrogen atoms
of bisimidazole with the coordination distances of 2.032
(Li ‚‚‚N1) and 2.052 Å (Li‚‚‚N4) and an angle range of
107.0-111.2° (average 109.5°) (Figure 2a). This unique
binding mode ultimately yields microchannels in thec axis
direction, encapsulating a linear array of Li+ ions. In Figure
2c, one can note a one-dimensional pseudochain structure
for Li + ions (Li+‚‚‚Li + distance) 7.38 Å). The hydrogen-
bonding interactions between oxygen atoms of perchlorate
and few protons of the Pbizm moiety are strong and
asymmetric with the interionic hydrogen bond distances of
O(2)‚‚‚H(18), O(3)‚‚‚H(19), and O(1)‚‚‚H(24) being 2.582,
2.563, and 2.711 Å, respectively. This resulted in a distorted
tetrahedral geometry of [ClO4]- with its oxygen atoms being
strongly disordered (Figure 2b). Unlike for1b, where Li+

and [ClO4]- reorient into helical polystructures, in2b they

are separated as individual layers of Li+ and [ClO4]- in the
b axis direction (Figure 2d)

The unique topology of complex2b is simplified in Figure
3. If the (010) plane is considered to be the horizontal one
(basal plane), the angle (θ) between the pyrene ring plane
and the basal plane is 23.5°. The pyrene moieties that are
assembled with the intermolecularπ-π- facial interactions
orienting parallel to each other are in a V-shaped conforma-
tion on either side of the (010) plane with the 2θ angle. This
generated porous sections in the architecture, the dimensions
for Li-imidazole layers beingl × A(B) ) 4.228× 8.13 (2.53)
Å2 and l × C(D) ) 8.91 (3.301) Å2 for perchlorate/solvent
layers (in the split directionb axis).

The thermal stability of the complexes was investigated
by thermogravimetric analyses (TGA) (Figure 4). Both
compounds1b and 2b, in the presence of air or nitrogen,
showed high thermal stabilities up to 300 and 250°C,
respectively.

Thermograph Analysis of 1b and 2b.The TGA diagram
shows an abrupt weight loss of Li(Bizm)‚ClO4 (1b) between
288 and 400°C which corresponds to∼58.2% loss of Bizm
(1a), and the decomposition temperature of anhydrous
LiClO4 is 430 °C.38 In the case of Li(Pbizm)2‚ClO4‚(CH3-

(34) Harris, K. D. M.; Tremayne, M.Chem. Mater.1996, 8, 2554-2569.
(35) Zheng, L. M.; Whitfield, T.; Wang, X.; Jacobson, A. J.Angew. Chem.,

Int. Ed. 2000, 39, 4528-4531.

(36) Wilcx C. S. InFrontiers in Supramolecular Organic Chemistry and
Photochemistry; Schneider, H.-J., Du¨rr, H., Ed.; VCH: Weinheim,
Germany, 1991; pp 123-143.

(37) Wang Z.; Enkelmann V.; Negri F.; Muellen K.Angew. Chem., Int.
Ed. 2004, 43, 1972-1975.

Figure 2. Single-crystal structure of Li(Pbizm)2‚ClO4‚(CH3CN). (a) An ORTEP plot of coordination fragments between Li+ ions and Pbizm molecules
along thec axis. (b) Section view of [ClO4]--Pbizm hydrogen binding structure. (c) Section view of the Li+-Pbizm chelating 1D-chain structure with the
ac plane and the Li+ pseudochain along thec axis. (d) Viewpoint of theab plane showing the layer packing along theb axis and the porous formation along
the c axis. Green, Cl; red, O; pink, Li; blue, N; gray, C.
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CN) (2b), we observed gradual removal of CH3CN from 50
to 223 °C with a weight loss of about 4.3%. Pbizm (2a)
probably decomposes into pyrene and imidazole moieties
between 250 and 360°C, resulting in a weight loss of∼35%,
which is contingent on the loss of imidazole moieties. At
more than 360°C, slow removal of black residual carbonyl
compounds and lithium salts was observed. Vacuum subli-

mation (200-220 °C, <10-3mbar) of Li(Bizm)ClO4(1b)
afforded two anhydrous products which were identified as
Bizm (1a) and LiClO4 by single crystal X-ray diffraction
and powder X-ray analysis. It should be noted that anhydrous
LiClO4 was synthesized only recently, and its structure was
characterized.32-34

7Li NMR Spectroscopy for Binding Study. The binding
properties of Li+ with 1a and2a were analyzed by monitor-
ing the changes in the chemical shift of the Li+ ion during
7Li NMR titrations in CD3CN solution (Figure 5a and b) as
an analogy to1H NMR titrations from our previous papers.17

The chemical shifts of7Li NMR were externally referenced
to 1 M LiClO4‚3(H2O) in CH3CN. The addition of an
equimolar amount of1a and twice the equimolar amount of
2a to LiClO4 (3.75 mM in acetonitrile) induced large
downfield chemical shifts (∆δ ) 2.49 and 2.19 ppm,
respectively) of the Li+ ion. There is no significant change
in the chemical shift beyond the 1:1 molar ratio of1a to Li+

and the 2:1 molar ratio of2a to Li+. The lesser change in
the chemical shift for Li in the presence of2a would be
attributed to the steric effect of the pyrene moiety which
lies at the vicinity of the imidazole moieties.

The association constant (Ka), calculated with the HOST-
EST program,36 for the Li+ ion with 1a was found to be
Ka) 2.81× 105 M-1 and that with2a is K1 ) 1.48× 104

M-1 and K2 ) 620 M-1 (Figures 6 and 7). Therefore, the
binding pattern of2a with the Li+ ion in CH3CN is 1:1 at
the lower concentration of2a, while it changes to 2:1 with
the higher concentration of2a. It is quite likely that theπ-π

(38) Watson M. D.; Fechtenkoetter A.; Muellen K.Chem. ReV. 2001, 101,
1267-1300.

Figure 3. Schematic illustration of Li(Pbizm)2‚ClO4‚(CH3CN) with the
porous surrounded by pyrenes.

Figure 4. TGA diagram of Li(Bizm)‚ClO4 (black dotted line) and Li-
(Pbizm)2‚ClO4‚(CH3CN) (black solid line).

Figure 5. Change of the7Li NMR chemical shift peaks with the increasing
concentration of1a (a) and2a (b) at 3.75 mM LiClO4‚3(H2O)/CD3CN.
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facial interaction between pyrene groups occurs at the higher
concentration of2a. In fact, we observed that 2:1-type single
crystals were formed and isolated in the condensation state
in solutions of varying molar ratios (2:1 and 4:1) of2a to
LiClO4 in CH3CN.

Therefore, the Li ions are firmly attached to the lone
electron pairs of the imidazole nitrogens, indicating a strong
electrostatic interaction and a more or less rigid stabilization
of the Li ions inside the Bizm network. The fact that Li+ in
2b is coordinated by two ligands (four nitrogen lone pairs)
further supports the notion that in the liquid state the
separation of the ionic fragments prevails, a feature which
is otherwise commonly not observed. Thereby, the ionic
channels in the solid crystal resemble those in the liquid state.

Electrical Properties. The ionic conductivities of LiClO4‚
3(H2O) in CH3CN without and with the presence of1a and
2a were measured at room temperature. The ionic conductiv-
ity of a 1.0 mM LiClO4‚3(H2O) in CH3CN solution was
indicated by the value 9.20 mS/cm. It was observed that the
conductivity of 0.2 mM LiClO4‚3(H2O) was reduced from
2.84 mS/cm to the lower values when the concentration of
1a and2a was increased in the CH3CN solution (Figure 8).
The ionic conductivity curves constantly change before the
1:1 molar ratio for Bizm (1a) and the 2:1 for Pbizm (2a)

with Li +, and thereafter, there is no significant change in
the ionic conductivity. The trend in the conductivity mea-
surement is in good agreement with the7Li NMR binding
study and X-ray structure analysis.

Figure 9 shows cyclic voltammograms (CVs) for a LiClO4‚
3(H2O) (0.25mM) with the various molar ratios for Bizm
(1a) and Pbizm (2a) in CH3CN. Clearly, a simple wave
reversible redox system sweeps in a wider potential range

Figure 6. 7Li NMR titration curve for the receptor1a and Li+ in CD3CN. Theoretical curve fitting of the experimental data shows a 1:1 binding profile.
[Li +] ) 0.00375 M as fixed concentration. [1a] ) 0-0.016 M.

Figure 7. 7Li NMR titration curve for the receptor2a and Li+ in CD3CN. Theoretical curve fitting of the experimental data shows a 2:1 binding profile.
[Li +] ) 0.00375 M as fixed concentration. [2a] ) 0-0.015 M.

Figure 8. Ionic conductivities of LiClO4‚3(H2O) with the serial molar
ratios for Bizm (1a) and Pbizm (2a) in CH3CN. c(LiClO4) ) 0.20mM.
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(0 to -1.5V) at the scan rate of 50 mV/s. Bizm and Pbizm
show interesting electrochemical changes in the binding study
between the Li+ ion and Bizm/Pbizm. The electrical data of
cyclic voltammograms are in Table 3. The reduction and
oxidation potential peaks (Epc andEpa) appeared near-0.604
and -0.920 V, respectively, for a Bizm/LiClO4‚3(H2O)
system and near-0.596 and-0.926 V, respectively, for a
Pbizm/LiClO4‚3(H2O) system. We noticed that there is no
clear shifting in the redox potential peaks (Epc and Epa) at
various molar ratios of Bizm (1a) and Pbizm (2a) to the Li+

ion. The redox potential (E0) of the Bizm/Li+ system shows
the lowest value (-0.319 V) at the 1:1 molar ratio. The

Pbizm/Li+ system shows the lowest value (-0.411 V) at the
2:1 molar ratio. In the reversible redoxsystem (ipc/ipa ) 1),
after every 10 cyclic voltammograms, we analyzed the
change in the current densities (ipc and ipa) resulting from
the increased molar ratios for Bizm (1a) and Pbizm (2a).
The transformation curves for the current densities were
approximately saturated after molar ratios of 1:1 for Bizm
and 2:1 for Pbizm. Therefore, the stoichiometric binding
patterns reflected by the7Li NMR titration are clearly
reflected in the ionic conductivity measurement of Li ion
and cyclic voltammogram.

Under the typical conditions of various molar ratios in the
CH3CN solution, the ligand compounds (Bizm (1a) and
Pbizm (2a)) have influence only on the current changing for
the electrochemical reaction of lithium salts (Figure 9c). In
addition, the thermal stability of the compounds observed
at even higher temperatures clearly demonstrates that care-
fully designed bisimidazole derivatives with weakly coor-
dinating anions to Li+ could trigger potential applications
in the field of Li ion batteries. Additionally, suitably
substituted aromatic/aliphatic functional moieties in the
connecting CH2 group of the bisimidazole could enhance
the thermal stability and physicochemical properties of the
newly designed and synthesized compounds.

IV. Conclusion
We have synthesized two lithium-based organic-inorganic

hybrid materials with interesting topochemical properties. In
both cases, lithium exhibits unusually high binding affinity
toward the nitrogen atoms of bisimidazole moiety. The
presence of a substituent group at the bridging carbon of
the bismidazole moiety plays a crucial role in determining
the stoichiometry of these compounds in solution and in the
condensed state. Unsubstituted Bizm (1a) preferred a 1:1
stoichiometry, whereas in Pbizm (2a), the ratio is 2:1 with
Li+. In the crystal structure of Pbizm (2b), we have observed
the controlled ion separation and ion channel formation
resulting from the chelation of imidazole moieties with a
linear array of Li ions and the rearrangement of pyrene
moieties. It can be inferred that the artifical design of
molecular crystals and liquid crystalline hybrid materials

Figure 9. Cyclic voltammograms of LiClO4 (0.5mM) were recorded in
0.4 M TBAPF6 and CH3CN, in the presence of Bizm (1a) (a) and Pbizm
(2a) (b) with molar ratios (%) of 0.0, 50, 100, 200, 300, and 400 and a
scan rate of 50 mV/s. (c) Current vs molar ratio for Bizm and Pbizm to
LiClO4.

Table 3. Cyclic Voltametric Redox Potential and Current for the Molar
Ratio of Bizm (1a)/Pbizm (2b) to Li+ in the Solution of CH3CN with
0.25 mM LiClO4·3(H2O)a

molar
ratio

Epc

(mV)
Epa

(mV)
E0

(mV)
E1/2

(mV)
Ipc, Ipa

(µA) ipc/ipa

[Li +] 0.0 -642 -891 -249 -766.5 36.52 1.000

Bizm (1a) 0.5 -567 -928 -361 -747.5 39.57
1.0 -604 -923 -319 -763.5 41.60
2.0 -607 -928 -321 -767.5 42.04 1.000
3.0 -597 -923 -326 -760.0 42.01
4.0 -604 -928 -324 -766.0 42.22

Pbizm (2a) 0.5 -589 -953 -364 -771.0 41.76
1.0 -596 -933 -337 -764.5 43.38
2.0 -523 -934 -411 -728.5 47.45 1.000
3.0 -565 -938 -373 -751.5 47.49
4.0 -615 -929 -314 -772.0 47.53

a Supporting electrolyte conditions: Bizm and Pbizm, 0.25mM;
LiClO4‚3(H2O), 0.5mM; [n-Bu4N]PF6, 0.4M; scan rate, 50 mV s-1; scan
range, 0 to-1.5 V; E0 ) Epa- Epc, E1/2 ) (Epa + Epc)/2.
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modifies the unusual building blocks to the self-assembled
helical columnar packing of polycyclic aromatic hydrocar-
bons.31,37,38The results bode well for the future generation
of hybrid materials containing functionalized bisimidazoles,
whose properties could easily be fine-tuned by varying the
nature of substitutents inherent to the bisimidazole moiety.
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