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ABSTRACT: We have synthesized carboxylato bridged 
paddle wheel Cu(II) coordination polymers 
[Cu2(DABA)4(4,4′-BPY)]n (1) and 
[Cu4(DABA)8(PYZ)(H2O)2] (2) by varying axial linkers, 
4,4′-Bipyridine (4,4′-BPY) and Pyrazine (PYZ) 
(HDABA = 4-Diallylamino-benzoic acid). The single 
crystal X-ray structure of 1 is 1D polymer while 2 is 0D 
tetranuclear Cu(II) complex. Upon light irradiation the 
thin film of the compounds increases the electrical 
conductivity  with respect to the  dark phase and the 
conductivity of 1 is ~150 times higher than 2. Magnetic 
properties were investigated at an applied field 0.5 T in a 
temperature range 5–300 K. Compound 1 exhibited 
ferromagnetic behavior and compound 2 exhibited 
antiferromagnetic behavior at 300 K and the effective 
magnetic moment at 300 K, is 1.94 and 0.93 B. M. 
respectively. The capability to switch photoelectricity 
and magnetism by changing the crystal structure via 
axial linker’s modification has been rationalized through 
DFT calculations.

INTRODUCTION 
Coordination polymers (CPs)1-7 have been extensively 
used in various fields such as  in super capacitor,8 
battery,9 gas storage and separation, sensing10 and 
electrocatalysis.11 But CPs with distinct magnetic and 
electrical conductivities are of great interest as next-
generation functional materials due to their potential 

applications for electromagnetic interference shielding,12 
biomedicine13 and microwave absorption.14 In order to 
achieve long-range charge transport and strong 
paramagnetic character, it is crucial for these complexes 
to have strong intermolecular ordering and strong 
intramolecular coupling. One of the remarkable features 
of CP is its ability to adopt different structural 
architecture under varying conditions. The length of 
organic spacer and the functional groups of the ligands, 
the nature of metal ions and the oxidation state along 
with the reaction condition greatly influence the 
structure of the CPs. Out of the nine 3d transition metal 
ions nontoxic Cu(II) (d9) exhibit a large variation of 
nuclearity and structures. The magnetic super-exchange 
interactions between copper centers through the bridging 
ligands of paddle wheel Cu(II) complexes are well 
known.15 But the electrical conductivity and 
photosensitivity of such type of complexes have not 
been much investigated. Loh et al.16 and Zuo et al.17 
reported recently the conductivity and magnetic property 
of copper based supramolecules. 
In this work, we report 1D  and 0D paddle wheel Cu(II) 
complexes, ([Cu2(DABA)4(4,4′-BPY)]n (1) and 
[Cu4(DABA)8(PYZ)(H2O)2] (2)), where DABA acts as 
carboxylate bridger and BPY, PYZ are N-heterocyclic 
spacer of similar conjugated π systems with subtle 
difference in π-acidity and different degrees of σ-
donating ability. Selective N-allylation of 4-amino 
benzoic acid helps to form aliphatic  C-H….π interaction 
which can help single crystal formation. Diallyl group 
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(have +I effect) of HDABA also increases the electron 
density on metal centre, which has an effect on 
conductivity and magnetic properties. These type of CPs 
are exciting for two main reasons: (i) the paramagnetic 
Cu(II) (d9) center and the conducting electrons are 
linked by a chemical bridge and (ii) the metal is a very 
good electron transporter between organic linkers.18 The 
CPs simultaneously exhibit photosensitive19 
semiconducting nature20-22 and  paramagnetic behavior 
to make them viable for use in optoelectronic23, 
photovoltaic24 and electromagnetic devices.
RESULTS AND DISCUSSION
Structural analysis of HDABA, [Cu2 (DABA)4(4,4′-
BPY)]n, (1) and [Cu4(DABA)8(PYZ)(H2O)2 ], (2)  
HDABA crystallizes in the monoclinic C 2/c space 
group with Z = 8 and exists as a dimer through strong 
hydrogen bonding with O···H distance 1.80 Å (Fig. 
1and Table S1) which has been confirmed by Single-
crystal X-ray diffraction experiment.

Fig. 1. Dimeric form of 4-Diallylamino benzoic acid.
The structure analyses of 1 and 2 have revealed that the 
asymmetric unit have identical motif, a discrete 
carboxylato bridged Cu(II) paddle wheel [Cu2(DABA)4] 
unit which is capped by the N-heterocycles at the axial 
coordination position. (Fig. 2a and 3a) Both the 
compounds have distorted square pyramidal geometry 
around Cu centers with metal…metal interaction, where 
Cu···Cu distance lies in the range 2.579-2.641 Å. 
Compound 1 crystallizes in the monoclinic P 21/n  space 
group with Z = 4, where 2 crystallizes in the triclinic P-1 
with Z = 1 (Table 1).

Fig. 2. A portion of the compound 1 displaying the 
coordination atmospheres of the Cu(II) atoms (a).  A 
schematic diagram displaying the connectivity of the 

structure (b).  A portion of the 2D connectivity displaying 
C-H…. π  interactions (b), (d).  
Compound 1 forms 1D polymeric chain by repeating the 
asymmetric unit and pyridine ring of 4,4’-BPY (Fig. 2b) 
are twisted along X-axis that may assist efficient charge 
delocalization through  metal orbitals. 
Table 1.  Crystallographic Data of 1 and 2.

Compound Compound-1 Compound-2

CCDC No. 1871434 1871433

Formula C62 H64 Cu2 N6 O8  C108 H120 Cu4 N10 O18

fw 1148.30 2100.34

crystsyst monoclinic triclinic

space group P 21/n P-1

a (Å) 12.5450(8) 13.1365(11)

b (Å) 34.762(2) 14.0314(12)

c (Å) 13.9615(9) 16.3546(13)

(deg) 90 66.462(2)

(deg) 112.248(3) 74.865(2)

γ (deg) 90 87.755(3)

V (Å3) 5635.2(6) 2660.6(4)

Z 4 1

Dcalcd(g/cm3) 1.354 1.311

(mm-1) 0.816 0.858

(Å) 0.71073 0.71073

data[I >2(I)]

/params

9888/703 9295/631

GOF on F2 1.077 1.122

Final R 

indices[I 

>2σ(I)]a,b

R1 = 0.0466

wR2 = 0.1180

R1 = 0.0479

wR2 = 0.1539

aR1 = Σ||Fo|    |Fc||/ Σ|Fo|,
b wR2 = [Σw(Fo

2    Fc
2)2/Σw(Fo

2)2]1/2

The compound 2 forms tetranuclear Cu(II) complex and 
water molecules act as capping ligands. These 
coordinating water molecules enables strong hydrogen 
bonding with bridging carboxylate groups with O···O 
distances in the range ~2.8 Å leading to the formation of 
the 1D polymeric network (Fig. 3b). These complexes 
are capable of forming higher dimensional structures 
through H-bonding and Supramoleculer25 (aliphatic, 
aromatic C-H….π) interactions (3.066–3.454 Å, (Fig. 
2c-d, 3c- d and Fig. S1).  
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Fig. 3.  A portion of the compound 2 displaying the 
coordination atmospheres of the Cu(II) atoms (a).   A 
portion of the 2D connectivity displaying hydrogen 
bonding  interactions (b). ).  A portion of the 2D 
connectivity displaying C-H…. π  interactions (c), (d).
The intramolecular N-N distance in the heterocyclic 
bridger (in 4,4′-BPY of 1 it is 7.08 Å  much longer than 
2.75 Å  in PYZ of 2) may be the major driving force for 
the formation of  1D superstructure for 1 and 0D for 2. 
Smaller size of PYZ allows large steric hindrance and 
may not permit the formation of 1D polymeric chain in 
2.
Single-crystal X-ray diffraction data is well supported 
by density functional theory (DFT) study, performed 
using plane –wave technique as implemented in Vienna 
Ab Initio Simulation Package (VASP) (details are given 
in supporting information). 

Fig.  4. Optimized structures of compound 1 (a) and 2 (c), 
PDOS plots for Cu-dx

2
-y

2
 and p-orbitals of Cu coordinated 

oxygen and nitrogen atoms in compound 1 (b) and 2 (d).

Cu….Cu distances (in the range 2.579-2.641 Å) 
determined from the SC-XRD experiment is also well 
matched with DFT optimized structures which show 
Cu….Cu distances are 2.70 and 2.56 Å respectively for 
compound 1 and 2 (Fig. 4a and c). In accordance with 
SC-XRD, DFT optimized structures reveals Cu1 center 
in compound 1 is coordinated with four oxygen atoms of 
the carboxylato groups (Cu-O bond length ~2.0 Å) and 
one nitrogen atom from N-heterocycle (Cu-N bond 
length ~2.28 Å) whereas in compound 2 Cu1 center is 
covalently linked with four oxygen atom of the 
carboxylato groups (Cu-O ~ 2.05Å) and one oxygen 
atom from water through hydrogen bonding interaction 
(Cu….O ~ 2.33Å). On the other hand Cu2 center in 
compound 2 shows bonding interaction with four 
oxygen atoms of the carboxylate groups (Cu-O ~ 2.03Å) 
and one nitrogen atom from N- heterocycle (Cu-N ~ 
2.23 Å). Projected density of states (PDOS) analysis 
clearly reveals that the bonding interaction between Cu 
and coordinated atoms originates from Cu-dx

2-y
2 orbitals 

and p-orbitals of nitrogen and oxygen atoms both in 
compound 1 and 2 (Fig. 4 b-d). 
TGA and PXRD analysis 
Thermogravimetric analysis (TGA) of bulk of the 
compounds has suggested that compound 2 is thermally 
less stable (decomposition starts at 200 °C) comparing 
with 1 (decomposition starts at 250 °C) (Fig. S2). 
Lowering of thermal stability of 2 may be due to inferior 
dimensionality (0D) compared to 1 (1D) and the 
presence of coordinated water molecule in the structure. 
All of the major peaks of PXRD patterns of bulk 
matched quite better with those simulated from single 
crystal data which also establish the phase pureness of 
the bulk (Fig. S3 and S4).
MAGNETIC PROPERTIES
Paddle-wheel copper(II) carboxylato CPs [Cu(II), d9] are 
well-known to possess magnetic super exchange 
interactions26 between the two copper(II) centers 
through the bridging ligands. The extent of the exchange 
interaction is known to be controlled by several factors, 
including the geometry of the Cu(II) ions, the bond 
angles and the bond lengths of the bridging atoms, the 
bridging mode of the ligand and also the type of  
bridging linkers27,28 (Table S2 and S3). The spin super-
exchange interaction of the binuclear copper(II) 
complexes can be understood in terms of the natural 
(non-orthogonalized) magnetic orbitals.29-31 At 300 K, 
the effective magnetic moment for 1, and 2 are 1.94, and 
0.93 B.M., respectively, which correspond to spin only 
values of  S=1/2 for Cu(II) (1.73 B. M.). It is noted that 
the effective magnetic moment of compound 1 is greater 
than that of single uncoupled Cu(II) ion and compound 2 
shows much less value than that of one-electron spin 
uncoupled Cu(II) ion. The compound 1 exhibits AT 
value 0.0223 emu K/(Oe . mol)  at 5 K and is increased 
linearly upto 20 K followed by sigmoidal change in the 
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AT value to 0.472 emu K/(Oe . mol) at 300 K (Fig. 5). 
For compound 2 AT becomes 0.0098 emu K/(Oe . mol) 
at 5 K and follows paramagnetic change (AT vs T is 
linear) upto 100 K.

 Fig. 5. Variation of AT value with temperature for 
compounds 1 and 2 (where A refers to diamagnetic 
correction of M).
Then it is gradually decreased until around 250 K and 
the AT value is reached to 0.107 emu K/(Oe . mol) at 
300 K (Fig. 5). Therefore, compound 1 becomes 
ferromagnetic at room temperature while the compound 
2 is antiferromagnetic at 300 K. To further rationalize 
the strong antiferromagnetic coupling interactions 
between the Cu2+ ions as well as among the covalently 
linked atoms with Cu2+ ions (coordinated N and O 
atoms) at low temperature, we have performed DFT and 
calculated magnetic moment values at low temperature 
(~0 K) for both the compounds 1 and 2. 

Fig. 6. DOS plots for (a) compound 1 (b) compound 2, 
LDOS plots for Cu2+ ions in compound 1 (c) and 2 (d).  

Charge transfer from Cu2+ ions to the ligand orbitals 
results ferromagnetic coupling in the ambient 
temperature. DFT calculations on both compounds 1 and 
2, reveal that strong charge transfer from coordinated 
atoms to Cu2+ centers (~0.9 e on average for both 
compounds) results in strong anti-ferromagnetic 
coupling with the more localization of electrons on Cu2+ 
centers (magnetic moment = 0.000 B) at low 
temperature (~0K) (Table S4). The anti-ferromagnetic 
coupling phenomenon is well understood from total as 
well as localized density of states (TDOS, LDOS) 
analysis (Fig. 6). The perfectly symmetric nature of 
electron density of spin up and down clearly indicates 
that there are strong antiferromagnetic coupling 
interactions among the Cu2+ ions as well as between 
Cu2+ and coordinated ligands (Fig. 6a-b) for compounds 
1 and 2. The LDOS of Cu2+ ions and coordinated 
nitrogen and oxygen atoms of compounds 1 and 2 
clearly demonstrates that the spin on the atoms are all 
antiferromagnetically coupled (Fig. 6c-d and Fig. S5a-
c).
Apart from this, d9 configuration of Cu(II) being more 
than half-filled has significant orbital contribution and 
also the presence of hydrogen bonding  and other 
supramolecular interactions can also influence the 
magnetic properties.32

ELECTRICAL CHARACTERIZATION
Impedance Spectroscopy study and current-voltage 
(I-V) measurement
Impedance Spectroscopy (IS) study is performed in 
frequency range 40 Hz-10 MHz at room temperature. 
Fig. 7a shows the Nyquist plot for two compounds in the 
dark condition. The higher frequency semicircular arc 
depicts the bulk contribution and intermediate or low 
frequency semicircular arc represents the grain-
boundary or electrode-specimen effect.33 The intercept 
of the semicircular arc on real axis Z’ depicts the bulk 
resistance Rb (dc resistance) of the sample. From Fig. 7a 
and inset of Fig. 7a, it is clearly seen that compound 1 
has lower resistance than compound 2.

Fig. 7. (a) Nyquist plot and (b) frequency dependent ac 
conductivity plot for compounds 1 and 2.
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The lower resistance signifies the better possibility of 
charge transfer. Fig. 7b represents ac conductivity vs. 
frequency (log scale) plot for compound 1 and 2. At 
lower frequency region, the extrapolation of Y-axis 
gives the value of dc conductivity (σDC), which is 
attributed to the long range translational motion of the 
charge carriers. In high frequency region the term Aωn is 
responsible for the frequency dependent behaviour and 
the dispersion nature.34 The frequency dependence of ac 
conductivity (σAC) may be because of free and bound 
carriers.35 The frequency dependent conductivity can be 
expressed by the following power law equation .36, 37

                   (1)  𝛔(𝛚) = 𝛔𝐝𝐜 + 𝛔𝐚𝐜

Where, σ(ω) is the total conductivity, σDC is the dc 
conductivity and σAC is the ac conductivity. At high 
frequency region, the increase of conductivity described 
through Jonscher’s power law [1] and it is defined as:

                                     (2)𝛔𝐚𝐜 = 𝛔𝐝𝐜[𝟏 + (
𝛚

𝛚𝐇
)

𝐧
]

Where, n is the dimensionless frequency component, ω 
(ω=2πf) is the angular frequency and ωH is the hopping 
frequency of the charge carrier. At room temperature, 
the dc conductivity (σDC) of the compound 1 and 2 are 
calculated as 3.12×10-4 Sm-1 and 2.65×10-6 Sm-1 

respectively which was also verified by computationally 
and the corresponding theoretical band gap are 1.36 eV 
and 1.75 eV respectively (Fig. S7). The DFT calculated 
DC electrical current conductivity (σdc, DFT) of the 
compound 1 is 1.1×10-4 whereas that of compound 2 is 
8.5×10-7 Sm-1 that agrees with the experimentally 
determined electrical conductivity value. Both the 
experimental and DFT study shows that compound 1 is 
more conducting (in order of magnitude) compared to 
compound 2. Motivated from these results, the current-
voltage (I-V) characteristics of Al/Compound/ITO 
sandwich structure have been performed within the 
voltage range ±1V. 

Fig. 8. Current-Voltage (I-V) characteristic curves for (a) 
compound 1 and (b) compound 2 under dark and light 
condition.
Fig. 8a-b shows the current-voltage characteristic curves 
of devices (compound 1 and 2) in the  dark/under 
irradiation with white light (irradiance ~ 1000 Wm-2). 
Fig. 8 shows that the fabricated devices based on the 
samples exhibit non-linear rectifying behavior, similar to 
the Schottky diode behavior. The rectification ratio (i.e., 
On/Off ratio) of the devices in the dark/under 

illumination condition are found to be 16.00, 17.39 and 
34.64, 28.25 for the compound 1-2 respectively. 
Logarithmic presentation of  I as a function of  V is 
shown in inset of Fig. 8. 
We have analyzed the I-V characteristic curves by 
introducing standard thermionic emission (TE) theory38 
for exploring the charge transport phenomena by 
considering the following standard equations. 39

 (3)      𝐈 = 𝐈𝟎𝐞𝐱𝐩( 𝐪𝐕
𝛈𝐊𝐓)[𝟏 ― 𝐞𝐱𝐩( ―𝐪𝐕

𝛈𝐊𝐓)]
Where, I0 is the saturation current derived from the 
straight line intercept of ln (I) at V= 0 and is given by

  (4)       𝐈𝟎 = 𝐀𝐀 ∗ 𝐓𝟐𝐞𝐱𝐩( ―𝐪∅𝐁

𝐊𝐓 )
Where, q stands for the electronic charge, k is the 
Boltzmann constant, T is the temperature in Kelvin, V is 
the forward bias voltage, A is the effective diode area, η 
is the ideality factor and A* is the effective Richardson 
constant respectively. The effective diode area is 
estimated as 7.065×10−6 m2 and the effective Richardson 
constant is considered as 1.20×106 AK-2m-2 for all the 
devices. At low bias, linearity in current is observed 
which is consistent with Eq. (3), while the deviation 
from linearity at higher bias voltages occurred due to the 
change in diode series resistance. From Cheung, the 
forward bias I-V characteristics in term of series 
resistance can be expressed as,40

    (5)      𝐈 = 𝐈𝟎𝐞𝐱𝐩[𝐪(𝐕 ― 𝐈𝐑𝐒)
𝛈𝐤𝐓 ]

Where, the IRS term is the voltage drop across series 
resistance of device. 

Fig. 9. dV/d(lnI) vs. I and H(I) vs. I curve for compound 1 
and 2 based Schottky barrier diode under dark (a), (c) and 
photo (b), (d) condition.
In this circumstance, the values of the series resistance 
can be determined from following functions using 
equation (5) 41

    (6)     
𝐝𝐕

𝐝𝐥𝐧(𝐈) = (𝛈𝐊𝐓
𝐪 ) + 𝐑𝐒𝐈

   (7)     𝐇(𝐈) = 𝐑𝐒𝐈 + 𝛈∅𝐁
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and  can be represented as: H(I)

  (8)                                                                                             𝐇(𝐈) = 𝐕 ― (𝛈𝐊𝐓
𝐪 )𝐥𝐧( 𝐈

𝐀𝐀 ∗ 𝐓𝟐)
The plot of dV/dln(I) vs. I gives the value of series 
resistance (RS) as the slope and the ideality factor ( ) as η
the y-axis intercept. The dV/dln(I) vs. I graph for all 
devices in the dark/under light condition have been 
portrayed in Fig. 9. The potential barrier height for all 
devices are evaluated from the y-axis intercept of H(I) 
vs I curve (Fig. 9). The slope of this plot also furnishes a 
second determination of the series resistance. The 
obtained values of ideality factor, barrier height and 
series resistance are listed in Table-S5. The values of 
ideality factor ( ) in the dark condition deviated from η
ideal behavior and this difference is due to the presence 
of inhomogenities of Schottky barrier height, high 
probability of electron and hole recombination in the 
depletion region, existence of interface states and series 
resistance.42,43 But, under the illumination of light the 
value of ideality factor approaches unity. Series 
resistance (RS) of all the compounds in both cases 
decrease after soaking light, these results indicate a 
certain reduction in carrier density in the depletion 
region of the rectifier through the introduction of traps 
and recombination centres associated with illumination 
effect, which signifies its applicability in the field of 
optoelectronics devices.
For a better insight into the charge transport phenomena 
through the metal-semiconductor (MS) junction, we 
investigate the forward I-V curves in details by 
employing the space charge limited current (SCLC) 
theory. 

Fig. 10. log I versus log V plot for (a) compound 1 and (b) 
compound 2 under dark and light condition.
The characteristic I-V curves in the dark/under light 
conditions in the logarithmic scale portrayed in Fig. 10. 
Fig. 10 clearly demonstrates two regions with different 
slopes, indicating different conduction mechanisms. The 
current conduction mechanism is governed by the power 
law (I ∞ Vm), 44 where m is the slope of the I vs. V 
curve. At low bias voltage (region-I), the sample 
exhibits an ohmic behavior, i.e., the current is directly 
proportional to the applied bias voltage (I ∞ V). The I-V 
characteristics in this region can be attributed due to the 
thermionic emission and the current is dominated by 
bulk generated electrons of the film, rather than the 
injected free carriers.45 The region II corresponds to the 
higher ordered magnitude of slope, exhibits variation of 

current with square of forward bias voltage (I ∞ V2). In 
this region the current is governed by space charge, 
designated as space charge limited current (SCLC).46 
The trap distribution is the key factor in this type of 
charge transport mechanism.

Fig. 11. I vs V2 plot of SCLC region under dark and photo 
condition for (a) compound 1 and (b) compound 2. 
As the traps are exponentially distributed in this region, 
current increases rapidly. Moreover, to check the 
performance of the devices effective carrier mobility are 
evaluated from I vs V2 plot (Fig. 11) from the SCLC 
region, by evaluating the slope with the help of Mott-
Gurney space-charge-limited-current (SCLC) 
equation.47, 48

                             (9)
2

reff 0
3

A9μ ε ε VI = ( )
8 d

Where, I is the current,  is the permittivity of free ε0
space and  the dielectric constant.εr

Fig. 12. Capacitance versus frequency plot for (a) 
compound 1 and (b) compound 2.
The value of dielectric constant of the material is 
measured from capacitance versus frequency plot (C-f) 
(Fig. 12) with the help of following equation:49

                  (10)r
0

Cdε =
ε A

Where, C is the capacitance (at saturation), d is the 
thickness and rest are same as defined previously. We 
have also theoretically determined dielectric constant of 
the compound 1 and 2. Compound 1 has dielectric 
constant of 1.36 while for the compound 2 it is 1.25 
which agrees well with the experimentally determined 
dielectric constants. The frequency dependent dielectric 
constant plot has been given in the supporting 
information (Fig. S6). Mobility and transit time are the 
prime factor to determine the device performance. 
Transit time (τ) is defined as the time required by a 
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carrier to travel from anode to cathode. It can be 
expressed as the summation of average total time spent 
by each electron as a free carrier plus total time spent in 
the tarp.50 The transit time (τ) of the charge carrier is 
deduced by using the equation: 51

                           (11)r0 A9ε ε Vτ = ( )
8d I

The effective mobility of the carriers under dark 
condition is evaluated as 5.21×10-5 m2V-1s-1 and 
6.48×10-7 m2V-1s-1 for compound 1 and 2. After 
irradiation of light the values of effective carrier 
mobility (μeff) improved to 1.07×10-4 m2V-1s-1 and 
1.21×10-6 m2V-1s-1 for those compounds respectively. 
Longer transit time in dark condition leads to higher 
trapping probabilities52 but after illumination of light the 
situation is reverse due to the higher carrier mobility. 
The values of effective carrier mobility and transit time 
of compound 1 and 2 based devices are tabulated in 
Table-S6. Hence, compound 1 is better candidate than 
compound 2 for the application in photovoltaic devices.
EXPERIMENTAL SECTION
Materials and general method
Sigma Aldrich helped us by providing all the required 
chemicals. Micro–analytical data (C, H, N) were 
collected on Perkin- Elmer 2400 CHNS/O elemental 
analyzer. Thermogravimetric analysis was recorded on a 
Perkin–Elmer Pyris Diamond TG/DTA in the 
temperature range between 30 °C and 600 °C under a 
nitrogen atmosphere at a heating rate of 12 °C min–1. 
Single crystal of the compound 1 and 2 was used for 
data collection using a Bruker SMART APEX II 
diffractometer equipped with graphite-monochromated 
MoKα  radiation (λ = 0.71073 Å). The crystal structure 
was solved using the SHELX-97 package.   The PXRD 
data was collected on a Bruker D8 Advance X-ray 
diffractometer using Cu Kα radiation (λ = 1.548 Å) 
generated at 40 kV and 40 mA. The PXRD spectrum 
was recorded in a 2θ range of 5–50. Magnetic properties 
were investigated using a Quantum Design MPMS-XL 
superconducting quantum interference device 
magnetometer (SQUID) at an applied field 0.5 T in a 
temperature range 5–300 K. The diamagnetic correction 
was carried out by using Pascal constants. The di-
electrical study was carried out by evaluating 
capacitance (C), impedance (Z),and phase angle (θ) of 
the sample as a function of frequency (40 Hz–10 MHz) 
using a computer-controlled Agilent make precision 
4294A LCR meter. The Current-Voltage (I-V) 
characteristics of two devices are recorded under dark 
and light (AM 1.5 radiation) condition with the help of 
Keithley 2635B source meter interfaced with PC by 
applying bias voltage in the range of -1 V to +1 V. All 
the measurements are performed at room temperature.
Synthesis of 4-Diallylamino-benzoic acid allyl ester

Allylations of 4-amino benzoic acid were carried out by 
using the literature procedure.53 The obtained white solid 
(2.347 g, 97%) was recrystallized from methanol and tri 
allylation was characterised by 1H NMR spectrum. 1 H 
NMR (300 MHz, CDCl3): d 3.94 (d, 4H), d 4.75 (d, 
2H), d 5.20 (m, 4H), d 5.33 (m, 2H), d 5.81 (m, 2H), d 
6.01 (m, 1H), d 6.60 (m, 2H), d 7.90 (d, 2H):(Fig. S9)
Synthesis of 4-Diallylamino-benzoic acid
We have synthesized these reported compound54 with 
modified procedure. Selective deallylation of 4-
Diallylamino-benzoic acid allyl ester was carried out 
using the following procedure. To a 250 mL round 
bottom flask the 4-Diallylamino-benzoic acid allyl ester 
(2.347 g 9.72 mmol) was dissolved in a solution of 
NaOH (3.11 g, 8 equiv) in 50 mL MeOH and 50 mL 
H2O and stirred at room temperature for 12 h. The 
reaction mixture was then acidified with 6N HCl, white 
precepited comes out, filtered and residue was 
recrystallized from methanol, gives pure 4-
Diallylamino-benzoic acid (2.015, g 95%). 1H NMR 
(300 MHz, CDCl3): d 3.99 (d, 2H), d 5.20 (m, 4H), d 
5.83 (m, 2H), d 6.64 (d, 2H), d 7.92 (d, 2H, ): (Fig. S10).

Fig. 13. Schematic representation of the preparation of 4-
Diallylamino-benzoic acid.
Synthesis of compound 1 and 2
A methanolic solution of (1 ml) of 4,4-BPY (15.619 mg, 
0.1 mmol) was carefully layered by the help of water-
metahnol mixed solvent over the aqueous solution of (1 
ml) of Cu(NO3)2,3H2O, (24.16 mg, 0.1 mmol). HDABA 
(21.726 mg, 0.1 mmol) in ethanol (1 ml) was neutralized 
with Et3N (10.119 mg, 0.1 mmol) and was layered 
cautiously over the 4,4-BPY followed by water-
metahnol mixed solvent to make an undisturbed layer. It 
was then allowed to diffuse for a week. The blue 
coloured needle-shaped crystals were deposited on the 
glass wall. The crystals were separated mechanically 
under a microscope and washed with methanol and 
water (1:1) mixture, and dried. The yield of [Cu2 
(DABA)4(4,4′-BPY)]n, 1 was 75 % (45.934 mg). 
Elemental analysis calculated for (1); C, 58.23; H, 9.46; 
N, 7.75%.

Fig. 14. Schematic representation of the preparation of the 
compound 1 and 2.
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The same synthetic procedure has been applied for 
compound 2 as adopted for 1, except PYZ (8.009 mg, 
0.1 mmol). The blue coloured block-shaped crystals 
were deposited on the glass wall. The yield of 
[Cu4(DABA)8(PYZ)(H2O)2], 2 was 80 % (43.158 mg). 
Elemental analysis calculated for (2); C, 59.23; H, 9.74; 
N, 6.42 %.
CONCLUSIONS
We have successfully synthesized two structurally 
distinct Cu based coordination polymers having 1D and 
0D structures respectively with fascinating electrical and 
magnetic properties. These properties can be further 
tailored by modifying the axial linkers. Tuning of axial 
linkers leads to the formation of charge transfer 
complexes which significantly enhances its magnetic 
moment and improves its electrical properties.
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Influence of Axial Linkers on Polymerization in Paddle Wheel Cu(II) Coordination Polymers for 
the Application of Optoelectronics Devices  

Srikanta Jana, Rajkumar Jana,  Sayantan Sil, Basudeb Dutta, Hiroki Sato, Partha Pratim Ray,* Ayan 
Datta,*  Takashiro Akitsu, and Chittaranjan Sinha*

Paddle wheel [Cu2(DABA)4] motif is axially ligated with 4,4′-Bipyridine (4,4′-BPY) and Pyrazine (PYZ) 
to synthesize a 1D and 0D superstructure who exhibit  enhancement of electrical conductivity upon light 
irradiation (Schottky diode device) and the conductivity of 1 is ~150 times higher than 2. Compound 1 
shows higher magnetic moment than the spin only value.
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