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Two copper(II) metal–organic networks derived from
bis-pyridyl-bis-amide ligands and aromatic polycarboxylates:

a 2-D layered structure and a 4-connected trinodal 3-D
topology

HONGYAN LIN, PENG LIU, JUWEN ZHANG, XIULI WANG* and GUOCHENG LIU

Department of Chemistry, Liaoning Province Silicon Materials Engineering Technology
Research Centre, Bohai University, Jinzhou, P.R. China

(Received 13 July 2012; in final form 19 October 2012)

Two metal–organic coordination polymers, [Cu3(4-bpcb)2(1,2,4-btc)2(H2O)2] (1) and [Cu3(3-
bpcb)3(btec)1.5] (2), have been synthesized from hydrothermal reaction of copper chloride with
mixed ligands [4-bpcb=N,N′-bis(4-pyridinecarboxamide)-1,4-benzene, 3-bpcb =N,N′-bis(3-pyridin-
ecarboxamide)-1,4-benzene, 1,2,4-H3btc = 1,2,4-benzenetricarboxylic acid, and H4btec = 1,2,4,5-ben-
zenetetracarboxylic acid]. X-ray diffraction analysis reveals that 1 exhibits a 2-D layer structure
and 2 possesses a three-dimensional (3-D) network. In 1 and 2, CuII ions are connected by bridging
1,2,4-btc or btec to form 2-D polymeric layers. Cu-1,2,4-btc layer does not propagate into a 3-D
coordination framework in 1 due to 4-bpcb showing monodentate coordination (via ligation of only
one pyridyl nitrogen). In 2, Cu-btec 2-D layers are further extended into a 3-D network with
(64.82)3 topology by 3-bpcb ligand in μ2-bridging coordination (via ligation of two pyridyl nitro-
gens). The different structures of the two complexes illustrate the influence of different polycarb-
oxylates and N-donor positions of organic ligands on the formation of such coordination
architectures. Moreover, the thermal properties and electrochemical properties of the copper com-
plexes bulk-modified carbon paste electrodes have been studied.

Keywords: Hydrothermal reaction; Polycarboxylate; Bis-pyridyl-bis-amide ligand; Crystal structure;
Electrochemical property

1. Introduction

Design and construction of metal–organic coordination complexes is interesting due to
their novel structural topologies and potential applications in catalysis, gas storage, molec-
ular adsorption, and magnetic materials [1–4]. Self-assembly of these complexes can be
realized by selection of organic ligands and metal ions [5–7]. Aromatic polycarboxylates
to construct coordination complexes are of high interest [8–10]. Thus, 1,3,5-benzenetri-
carboxylic acid (1,3,5-H3BTC) [11], 1,2,4-benzenetricarboxylic acid (1,2,4-H3btc) [12],
and 1,2,4,5-benzenetetracarboxylic acid (H4btec) [13, 14] have proven efficacious towards
preparation of metal–organic coordination complexes. Aromatic polycarboxylic acids and
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analogs of dipyridyl-type ligands have been utilized to bridge metal ions, leading to com-
plexes with fascinating structures and interesting properties [15–19].

Based on two types of bis(pyridylformyl)piperazine ligands and aromatic polycarboxy-
lates, LaDuca et al. and our group have reported a series of 2-D and 3-D polymers, such
as a 3,5-connected binodal 3-D polymer [Cu(3-bpfp)(1,3,5-HBTC)]·H2O (3-bpfp = bis(3-
pyridylformyl)piperazine) with (4.53.82.94)3(4.5

2)2 topology [20], a 4,4-connected binodal
layer structure [Cu2(BDC)2(4-bpfp)(H2O)2]n with (4.648)2(4

264) topology, and a 4,5-con-
nected binodal 3-D network [Cd2(BDC)2(4-bpfp)(H2O)2]n with rare (4462)(4466) tcs topol-
ogy (H2BDC= 1,2-benzenedicarboxylic acid, 4-bpfp = bis(4-pyridylformyl)piperazine) [21,
22]. With bis-pyridyl-bis-amide N,N′-bis(4-pyridinecarboxamide)-1,4-benzene (4-bpcb) and
1,3,5-H3BTC, we have obtained a 3-D metal–organic coordination polymer, [Cu3(4-
bpcb)3(1,3,5-BTC)2]3·� 12H2O, wherein discrete (H2O)12 clusters are dispersed in the
threefold interpenetrating 3-D metal–organic framework [23].

As an extension of our study on assembly of metal/dipyridyl-type ligands/carboxylate
hybrid systems [19, 20, 23], two isomeric bis-pyridyl-bis-amide ligands 4-bpcb and N,N′-
bis(3-pyridinecarboxamide)-1,4-benzene (3-bpcb) are selected as neutral N-donors to be
introduced into metal–polycarboxylate systems with expectation to obtain high-dimensional
structures. As a result, two Cu(II) coordination polymers, [Cu3(4-bpcb)2(1,2,4-btc)2(H2O)2]
(1) and [Cu3(3-bpcb)3(btec)1.5] (2), have been obtained. Complex 1 is a 2-D layer structure
based on 1,2,4-btc and 4-bpcb, extended into a 3-D supramolecular structure by hydrogen-
bonding interactions. Complex 2 exhibits a 3-D coordination polymeric network bridged
by btec and 3-bpcb. Thermal properties and electrochemical behaviors of 1 and 2 are also
reported.

2. Experimental

2.1. Materials and methods

4-Bpcb and 3-bpcb were synthesized by literature methods [24]; 1,2,4-btc and btec were
commercially obtained and used without purification. All other reagents were of reagent
grade. FT-IR spectra (KBr pellets) taken on a Magna FT-IR 560 Spectrometer and elemen-
tal analyses (C, H, and N) were carried out on a Perkin–Elmer 2400 CHN elemental ana-
lyzer. Thermogravimetric analyses were performed with a Pyris Diamond TG-DTA
instrument. The electrochemical experiments were carried out with a CHI 440 Electro-
chemical Quartz Crystal Microbalance. A conventional three-electrode cell was used at
room temperature. Complexes 1 and 2 bulk-modified carbon paste electrodes (1-CPE and
2-CPE) were used as working electrodes. An SCE and a platinum wire were used as refer-
ence and auxiliary electrodes, respectively. The bulk-modified CPEs were fabricated by
methods of the literature [23].

2.2. Preparation of the complexes

2.2.1. Synthesis of [Cu3(4-bpcb)2(1,2,4-btc)2(H2O)2] (1). Complex 1 was prepared by
simple hydrothermal reaction of CuCl2·2H2O (0.051 g, 0.3mmol), 4-bpcb (0.040 g,
0.13mmol), 1,2,4-H3btc (0.025 g, 0.12mmol), H2O (12mL), and NaOH (0.018 g,
0.45mmol). The mixture was stirred for 30min in air, then transferred and sealed in a
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25mL Teflon reactor, which was heated at 120 °C for four days, leading to the formation
of blue block crystals of 1 (22% yield based on Cu). Anal. Calcd for C54H38N8O18Cu3: C,
50.72; H, 3.00; N, 8.77%. Found: C, 50.75; H, 3.06; N, 8.72%. IR (KBr, cm�1):
3512s, 3370m, 3296m, 3039w, 2680m, 2363m, 2335m, 2214w, 1645s, 1612s, 1551s,
1511s, 1402s, 1375s, 1321s, 1301w, 1267m, 1227s, 1132m, 1112w, 1064m, 1010m, 977w,
929m, 889m, 827s, 794m, 747m, 706m, 672s, 605m, 571m, 530m.

2.2.2. Synthesis of [Cu3(3-bpcb)3(btec)1.5] (2). A mixture of CuCl2·2H2O (0.051 g,
0.3mmol), H4btec (0.003 g, 0.12mmol), 3-bpcb (0.060 g, 0.19mmol), H2O (12mL), and
NaOH (0.018 g, 0.45mmol) was stirred for 30min in air, then transferred and sealed in a
25mL Teflon reactor, which was heated at 120 °C for four days, leading to the formation
of blue block crystals of 2 (27% yield based on Cu). Anal. Calcd for C23H15N4O6Cu: C,
54.45; H, 2.98; N, 11.05%. Found: C, 54.40; H, 2.94; N, 11.09%. IR (KBr, cm�1):
3316s, 3201s, 3113m, 3059w, 2775m, 2667m, 2599w, 2363m, 2322m, 2214w, 1639s,
1605s, 1551s, 1518m, 1396s, 1294s, 1234s, 1132m, 1058m, 1031m, 977w, 956w, 923m,
734m, 760s, 699m, 679s, 612m, 578s, 537s.

2.3. X-ray crystallography

Crystallographic data for the two complexes were collected on a Bruker Apex CCD diffrac-
tometer with Mo Kα (λ= 0.71073Å for 1 and λ= 0.71069Å for 2) by ω scan mode. The
structures were solved by direct methods using SHELXS of the SHELXTL package and
refined by full-matrix least-squares methods with SHELXL [25, 26]. Coppers in the com-
plexes were located from E-maps and all non-hydrogen atoms refined anisotropically. For
1, hydrogens of coordinated water could not be located and were directly included in the

Table 1. Crystal data and structure refinements for 1 and 2.

Formula C54H38Cu3N8O18 C23H15CuN4O6

Formula wt. 1277.54 506.93
Cryst. syst. Monoclinic Triclinic
Space group P 21/c P-1
a (Å) 13.9126(15) 9.047(5)
b (Å) 10.0812(11) 10.0812(11)
c (Å) 17.1931(18) 13.506(5)
α (°) 90 102.100(5)
β (°) 92.265(2) 99.975(5)
γ (°) 90 106.945(5)
V (Å3) 2409.5(4) 1000.7(9)
Z 2 2
Dcalc (g cm

�3) 1.761 1.682
μ (mm�1) 1.405 1.145
F(0 0 0) 1298.0 516
hmax (°) 25.00 24.99
Rint 0.0458 0.0211
R1

a [I > 2σ(I)] 0.0518 0.0529
wR2

b (all data) 0.1611 0.1921
GOF 1.062 1.059
Δρmax (eÅ

�3) 0.914 1.282
Δρmin (eÅ

�3) �1.120 �1.227

aR1 =Σ||Fo|–|Fc||/Σ|Fo|;
bwR2 =Σ[w(Fo

2–Fc
2)2]/Σ[w(Fo

2)2]1/2.
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final molecular formula. Hydrogens of 4-bpcb or 3-bpcb were generated theoretically onto
specific atoms and refined isotropically with fixed thermal factors. A summary of crystal
data and structure refinements for the two complexes is provided in table 1. Selected bond
lengths and angles are listed in tables S1 and S2. Hydrogen-bonding geometries of 1 are
given in table S3. CCDC 851403 for 1 and 851404 for 2 contain the supplementary
crystallographic data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif.

3. Results and discussion

3.1. Description of crystal structures for 1 and 2

3.1.1. [Cu3(4-bpcb)2(1,2,4-btc)2(H2O)2] (1). Single crystal X-ray diffraction analysis
reveals that 1 consists of three CuII ions, two 4-bpcb, two coordinated waters and two
1,2,4-btc bridging ligands. In 1, there are two crystallographically independent CuII ions
[Cu(1) and Cu(2)], as shown in figure 1. Cu(1) is four-coordinated by one nitrogen from
4-bpcb, two oxygens from two carboxyl groups of two different 1,2,4-btc ligands and one
coordinated water. The bond distances and angles around Cu(1) ion are 1.955(3), 1.968(3),
and 1.913(4) Å for Cu–O, 2.019(4) Å for Cu–N, 88.39(13)°–163.80(18)° for O–Cu–O, and
87.80(15)°–171.32(15)° for O–Cu–N. Cu(2) is also four-coordinated by three carboxyl
oxygens from three 1,2,4-btc ligands, and one coordinated water. The coordination of Cu
(2) is a slightly distorted quadrangle. The bond distances and angles around Cu(2) are
1.880(4) and 1.974(3) Å for Cu–O, and 88.84(16)°, 91.16(16)° and 180.0° for O–Cu–O
angle, respectively. The O(4)–O(5W)–Cu(2)–O(4#1)–O(5W#1) five-membered unit is
planar.

In 1, 1,2,4-btc is monodentate-bis(monodentate) coordination (see chart 1(a)): one
carboxyl is monodentate and coordinated with Cu(1) while another is simultaneously
coordinated to Cu(1) and Cu(2) in a bis(monodentate) bridging mode; the third is not
coordinated. Adjacent two Cu(1) and one Cu(2) ions are linked by carboxyl of 1,2,4-btc
with bis(monodentate) bridging to form a trinuclear copper cluster, further connected by
the carboxyl of 1,2,4-btc with monodentate and bis(monodentate) modes to construct a

Figure 1. The coordination environment for CuII in 1 (at 50% probability). (All hydrogens and lattice waters are
omitted for clarity.)
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2-D Cu-1,2,4-btc layer, as shown in figure 2(a) and figure S1a (Supporting Information).
Each CuII [Cu(1), Cu(2)] is linked to four adjacent CuII ions by two 1,2,4-btc ligands,
which can be regarded as 2-connected nodes. Each 1,2,4-btc is surrounded by three CuII

ions, defined as a 3-connected node. So, the topology of the 2-D Cu-1,2,4-btc layer of 1 is
(123)2(12)3, in which the dodecanuclear cycle is composed of six 1,2,4-btc ligands and six
CuII ions [three Cu(1) and three Cu(2)] (figure 2(b)). 4-Bpcb shows monodentate coordina-
tion (chart 1(b)) with only one pyridyl nitrogen coordinated to CuII, and the corresponding
dihedral angle between the pyridyl rings is 89.86°. These Cu-1,2,4-btc 2-D layers are not
extended into a 3-D coordination framework in 1 due to monodentate 4-bpcb (figure S1b,
Supporting Information). Hydrogen bonding between nitrogen of 4-bpcb and the carbonyl
oxygen from 4-bpcb [N(3)–H(3A)� � �(O8) = 3.087(6) å] results in a 3-D supramolecular
framework for 1 (figure 3).

3.1.2. [Cu3(3-bpcb)3(btec)1.5] (2). Complex 2 is a 3-D coordination polymer composed
of a twisted 2-D Cu-btec layer and 3-bpcb. As illustrated in figure 4, each Cu(1) is six-
coordinated distorted octahedral, ligated by two nitrogens from two different bidentate
3-bpcb ligands with bond distances of 1.999(4) Å [Cu(1)–N(2), Cu(1)–N(2)#1], and four
oxygens of two carboxyl groups from two different btec [bond lengths of Cu(1)–O range
from 2.057(4) to 2.337(4) å]. Cu(2) is also coordinated by two nitrogens from two 3-bpcb
ligands with Cu(2)–N distance of 2.050(4) Å and N(1)–Cu(2)–N(1)#1 angle of 180.00(1)°,
and four carboxyl oxygens from two btec with Cu(2)–O distances of 1.948(4)–2.471(4) Å,
O(3)–Cu(2)–O(3)#1 or O(2)–Cu(2)–O(2)#1 angle is 180.00(1)°, showing distorted octahe-
dral geometry. Cu(2) displays remarkable differences in Cu–O bond length, which may be
attributed to the Jahn–Teller effect. In 2, all carboxyl groups of btec are deprotonated and
btec exhibits only one coordination mode (see chart 1(c)). The four carboxyl groups show
deviations from the plane of the central aromatic ring due to rotation of the carboxyl
groups, with arrangements above and below the plane. The four carboxyl groups show
two different coordinations. Two carboxyl groups are monodentate with one oxygen bond-
ing Cu, while the other two display chelating-monodentate linking two Cu ions. Hence,
btec serves as a μ4-bridge, linking four Cu centers through its four arms in two kinds of

Chart 1. Coordination modes of 1,2,4-btc (a), 4-bpcb (b), btec (c), and 3-bpcb (d) in 1 and 2.
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coordination to form an infinite 2-D Cu-btec polymeric layer, as shown in figure 5(a)
(figure S2a, Supporting Information). In the 2-D Cu-btec layer, CuII [Cu(1) and Cu(2)] can
be viewed as 2-connected nodes through two btec; the btec ligating with four CuII ions
acts as a 4-connected ligand. Thus, a 2-D layer has been constructed, which can be clearly
seen from figure 5(b). Different from 1, there exists one octanuclear cycle composed of
four btec ligands and four CuII ions [two Cu(1) and two Cu(2) ions] in the 2-D Cu-btec
structure.

Cu(1) and Cu(2) belonging to adjacent 2-D Cu-btec polymeric layers are bridged by
3-bpcb to form a 3-D coordination network (figure 6(a) and figure S2c), in which 3-bpcb

Figure 2. (a) The 2-D layer of 1 extended by bridging 1,2,4-btc. (b) The schematic of 2-D Cu-1,2,4-btc
polymeric layer for 1.
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connect adjacent CuII ions with Cu(1)� � �Cu(2) distance of 16.69Å (figure S2b, Supporting
Information). Different from the coordination of 4-bpcb in 1, which is only monodentate
to one CuII, 3-bpcb is μ2-bridging in the 3-D network of 2 (see chart 1(d)), similar to pre-
vious reports [19, 23]; the corresponding dihedral angle between pyridyl rings is 88.50°.
In the 3-D network of 2, both Cu(1) and Cu(2) are surrounded by four ligands (two bridg-
ing 3-bpcb and two bridging btec) and can be regarded as 4-connected nodes. Each btec is
further linked to four copper ions [two Cu(1) and two Cu(2) ions], therefore, also defined
as a 4-connected node, and 3-bpcb ligating with two 4-connected copper ions [Cu(1) and
Cu(2)] only serves as a linear linker. Upon considering the Cu(1), Cu(2) ions, and btec
ligands as nodes, the 3-bpcb ligands as spacers, the 3-D network of 2 can be described as
a unique trinodal 4-connected network, as shown in figure 6(b). Its Schläfli symbol is
(64.82)3.

Figure 3. The 3-D supramolecular network of 1 formed by hydrogen-bonding interactions. (Hydrogens and
lattice waters are omitted for clarity.)

Figure 4. The coordination environment for CuII in 2 (at 50% probability). (All hydrogens, partial 3-bpcb, and
btec are omitted for clarity.)
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Many factors affect the crystallization and structural construction of complexes formed
under hydrothermal conditions, such as initial reactants, reactant ratio, temperature, and
pH. In our previous report, we obtained [Cu3(4-bpcb)3(1,3,5-BTC)2]3·� 12H2O employing
1,3,5-H3BTC and 4-bpcb as ligands, in which discrete (H2O)12 clusters are dispersed in
the threefold interpenetrating 3-D metal–organic framework [23]. To investigate the effect
of different factors on assembly of metal–organic complexes, we attempted to synthesize
different complexes by choosing different polycarboxylates, adjusting the reactants ratio
and pH. Under similar conditions to a previous report [23], we expected that using 1,2,4-
btc in place of 1,3,5-BTC would lead to a complex, yet, we were unable to obtain a
crystalline complex. Only when the reactant ratio (Cu : 1,2,4-btc:4-bpcb) was changed to

Figure 5. (a) The 2-D layer of 2 formed by bridging btec along the c-axis. (b) The schematic of 2-D Cu-btec
polymeric layer for 2.
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3 : 1.2 : 1.3 (in reference 23, the ratio of Cu : 1,3,5-BTC:4-bpcb is 2 : 1.2 : 1), the 2-D
complex 1 with a (123)2(12)3 topology was successfully isolated, which is different from
that of [Cu3(4-bpcb)3(1,3,5-BTC)2]3·� 12H2O [23]. To further study the structural diver-
sity that can be tuned by different N-donors, we extended our studies from 4-bpcb to 3-
bpcb. However, in the system composed of 3-bpcb and 1,3,5-BTC/1,2,4-btc, by means of
adjusting the reactant ratio and systematic pH, no crystalline product was obtained. Thus,
we introduced H4btec into the Cu-4-bpcb/Cu-3-bpcb system. Although we adjusted the
reactants ratio and systematic pH, only 2 based on 3-bpcb was obtained, which may be
because syntheses of the complexes are affected not only by the stoichiometries of the
reactants but also by the types of co-ligands in the reaction medium [27, 28].

In 1 and 2 based on two isomeric bis-pyridyl-bis-amide ligands (4-bpcb and 3-bpcb)
and different polycarboxylates (1,2,4-btc or btec), coordination modes of polycarboxylates
and bis-pyridyl-bis-amide ligands are different. In 1, CuII ions are linked by 1,2,4-btc to
generate a 2-D Cu-1,2,4-btc layer, in which the two carboxyl groups of 1,2,4-btc display
monodentate-bis(monodentate) coordination and the third one is not coordinated with CuII;

Figure 6. (a) The 3-D framework in 2 constructed by 3-bpcb and btec along the b-axis. (b) The schematic of
the 3-D polymeric framework in 2.
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all carboxyl groups of btec are coordinated to CuII in 2, two monodentate, and the other
two chelating-monodentate. Thus, the 2-D Cu-btec layer of 2 is constructed. In 1 and 2, 4-
bpcb and 3-bpcb exhibit two different coordination modes, monodentate for 4-bpcb and
μ2-bridging for 3-bpcb. In 1, monodentate 4-bpcb is coordinated to one CuII, resulting in a
2-D Cu-1,2,4-btc layer with 3-connected (123)2(12)3 topology, but not a 3-D framework.
In 2, the μ2-bridging 3-bpcb ligands connect CuII ions to build a 1-D Cu–3-bpcb chain
with Cu� � �Cu distance of 16.69Å, ultimately resulting in a 3-D coordination network with
trinodal 4-connected (64.82)3 topology. The diversities of the final structures for 1 and 2
can be mainly ascribed to the different coordination of the isomeric bis-pyridyl-bis-amide
ligands; the polycarboxylates (1,2,4-btc or btec) also show some effect.

3.2. Thermal gravimetric analysis

The thermal gravimetric (TG) analyses of 1 and 2 were determined from 30 to 600 °C (fig-
ure S3). For 1, the first weight-loss step beginning at 165 °C is attributed to loss of coordi-
nated water (3.11%, Calcd 2.82%). The second weight loss is observed from 280 to 520 °
C, demonstrating loss of 1,2,4-btc and 4-bpcb. The TG curve of 2 shows only one obvious
weight loss at 310 °C, assigned to decomposition of 2 and attributed to loss of btec and 3-
bpcb. The weight loss of 83.82% is in agreement with calculated value of 84.22%. The
remaining weight (18.44% for 1, 16.18% for 2) corresponds (18.79% for 1, 15.78% for 2)
to Cu and O components, indicating that the final product is CuO.

3.3. Electrochemical behaviors of the 1-CPE and 2-CPE

For copper complexes, the ability to undergo reversible one-electron redox process is
attractive for electrochemistry [29, 30]. 1 and 2 are hydrothermally synthesized and insolu-
ble in water and common organic solvents. Thus, 1 and 2 bulk-modified carbon paste elec-
trodes (1-CPE and 2-CPE) are optimal to study their electrochemistry. Electrochemical
studies of 1-CPE and 2-CPE are carried out in 0.1M H2SO4 aqueous solution at

100 200 300 400 500 600 700
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Figure 7. Cyclic voltammograms of bare CPE, 1- and 2-modified CPEs (1-CPE and 2-CPE) in 0.1M H2SO4

aqueous solution from 650 to 120mV. Scan rate: 60mV s�1.
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60mV s�1. In the potential range from 650 to 120mV (figure 7), there is no redox peak at
bare CPE. While for 1-CPE and 2-CPE, reversible redox peaks attributed to CuII/CuI are
observed [19], the mean peak potentials E1/2 = (Epa +Epc)/2 are +390mV for 1-CPE and
+410mV for 2-CPE.

The effect of scan rates on the electrochemical behavior of the 1-CPE and 2-CPE was
investigated from 650 to 120mV in 0.1M H2SO4 aqueous solution (figure S4 and figure
S5). When the scan rates were varied from 20 to 250mV s�1 for 1-CPE (or 20–
350mV s�1 for 2-CPE), the peak potentials change gradually: the cathodic peak potentials
shift negative and the corresponding anodic peak potentials shift positive with increasing
scan rates. Plots of peak currents vs. scan rates were shown in insets of figure S4 and fig-
ure S5. The anodic and cathodic currents were proportional to the scan rates, suggesting
that redox processes for 1-CPE and 2-CPE were surface-confined.

4. Conclusion

We have synthesized two copper(II) complexes with aromatic polycarboxylates and iso-
meric bis-pyridyl-bis-amide ligands, [Cu3(4-bpcb)2(1,2,4-btc)2(H2O)2] (1) and [Cu3(3-
bpcb)3(btec)1.5] (2). Complex 1 exhibits a 3-D supramolecular structure, while 2 possesses
a 3-D coordination polymeric network. The different structures of the two complexes illus-
trate the influence of different polycarboxylates and N-donor positions of ligands. 1 and 2
were employed to fabricate bulk-modified CPEs due to their insolubility. Preliminary
results of 1-CPE and 2-CPE indicate potential candidates for electrochemical materials.
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