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Two new azido bridged 1D polymeric Cu(II) chains, [Cu(Ll)(m,g—Ng)]w (1) and [CUZ(LZ)z(ﬂLl-Ng)(ﬂ1’3—N3)]eo 2)
have been synthesized by using two different N,O donor tridentate reduced Schiff base ligands, HL! = 2-[(2-
dimethylamino-ethylamino)-methyl]-4-nitrophenol, HL? 2-[(2-diethylamino-ethylamino)-methyl]-4-nitro-
phenol and both are structurally characterized. Cu(II) ions in both complexes occupy distorted pentacoordinated
square pyramidal geometry. Both structures form polymeric chains, in 1, via y; 3-N3 while in 2 via both 47 1-N3
and y3-N3 bridges. The band gaps of the complexes (2.91 eV for 1 and 2.89 eV for 2) suggest that both
polymeric chains are semiconducting and thus possess the potential for uses in devices. A detail I-V analysis was
performed to measure device related parameters i.e. effective carrier mobility, transit time, carrier concentration,
diffusion length and ideality factor. The results show that both polymeric chains behave as Schottky barrier
diodes (SBD) and could be used in opto-electronic device. Between the two complexes, 2 performs better than 1

in terms of applicability as indicated by the calculated parameters.

1. Introduction

During the past few decades, applications of coordination polymers
(CPs) in the field of chemistry and material science are one of the fastest
growing areas of research [1-6]. Coordination polymers are fascinating,
highly ordered, flexible solid hybrid materials formed by metal ion-
s/cluster of metal ions and organic ligands in an extended array [7,8].
Different structural dimensionality makes those compounds applicable
in wide range of field e.g. device fabrication, magnetic materials, gases
absorption and separation, ion exchange, drug delivery, catalysis,
sensing of targeted molecules [9-20]. Another eye-catching feature of
coordination polymers is their application in electronics and
opto-electronic devices such as photovoltaic cells, Schottky barrier di-
odes (SBD) etc [21-25]. However, there are several limitations that arise
from short transit time, high barrier potential, low thermal stability etc.,
that need to be checked before making any final device. Electrical
conductivity, charge mobility, band gap and charge activation energy
also play a vital role to make an efficient Schottky barrier diode. The
properties of CPs depend on selection of metal ion and the flexibility and
chemical functionality of the ligands. Choice of linkers and their steric
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and electronic nature play an important role to tune electronic proper-
ties [26,27]. Li et al. and Xia et al. had fabricated SBD devices using
carboxylate linkers and d'° metal ions (Zn2+, Cd?") those exhibit normal
semiconductor properties [28,29]. To fabricate effective SBD devices,
one has to be cautious about band gap engineering but fortunately the
band gap of CPs can be tuned by controlling the size and conjugation of
organic linker. Increasing size or extending n conjugation of organic
linkers narrow down band gaps effectively [30]. It is really difficult to
avoid all these limitations to prepare successful semiconducting CPs.
Nevertheless, several highly ordered CPs have been synthesized, that
assist band transport by high charge mobility [31-33].

On the other hand, N2O donor Schiff base ligands have been widely
used for synthesizing various homonuclear polymeric coordination
complexes in the presence of different co-ligands like azido, thiocyanato,
cyanato, carboxylato etc [34-36]. Among them Cu(lIl)-azido coordina-
tion complexes are one of the most interesting and popular systems for
chemists due to their versatile structural dimensionality (discrete to
three dimensional) and flexibility of Cu(II) ions in coordination numbers
and geometries [37-39]. Although the magnetic properties of Cu
(ID-azide polymeric chains have been well explored during the last

Received 23 March 2020; Received in revised form 18 June 2020; Accepted 13 July 2020

Available online 23 July 2020
0032-3861/© 2020 Elsevier Ltd. All rights reserved.


mailto:agchem@caluniv.ac.in
www.sciencedirect.com/science/journal/00323861
https://http://www.elsevier.com/locate/polymer
https://doi.org/10.1016/j.polymer.2020.122815
https://doi.org/10.1016/j.polymer.2020.122815
https://doi.org/10.1016/j.polymer.2020.122815
http://crossmark.crossref.org/dialog/?doi=10.1016/j.polymer.2020.122815&domain=pdf

M. Mondal et al.

decades, the application of these types of polymeric complexes in op-
toelectronics systems (Schottky barrier diodes (SBD), photovoltaic cells)
and semiconductors have been relatively rare till now [40,41].

Herein, we report the synthesis of two new one dimensional poly-
meric chains of Cu(l) complexes, [Cu(Ll)(m’g—Ng)]m (1) and
[Cu2(L2)2(;41,1-N3,)(;41,3-N3)]oo (2) by using two different NoO donor
tridentate reduced Schiff base ligands (HL! = 2-[(2-dimethylamino-
ethylamino)-methyl]-4-nitrophenol, HL? = 2-[(2-diethylamino-ethyl-
amino)-methyl]-4-nitrophenol. The complexes are characterized by
single crystal X-ray crystallography, electronic spectra, IR spectra and
elemental analyses. We have thoroughly investigated the device pa-
rameters of 1 and 2 by fabricating SBD on ITO substrate. The measured
device parameters suggest that 2 is more suitable as SBD than 1.

2. Experimental section
2.1. Starting materials

2-hydroxy-5-nitrobenzaldehyde, N,N-dimethyl-1,2-ethylenediamine,
N,N-diethyl-1,2-ethylenediamine and sodium borohydride were pur-
chased from Spectrochem, India and were of reagent grade. They were
used without further purification. The other reagents and solvents were of
commercially available reagent quality, unless otherwise stated.

Caution! Although not encountered during experiment, perchlorate
and azide salts of metal complexes with organic ligands are potentially
explosive. Only a small amount of material should be prepared and
should be handled with care.

2.2. Synthesis of the ligands 2-[(2-dimethylamino-ethylamino)-methyl]-
4-nitrophenol (HLI), 2-[(2-diethylamino-ethylamino)-methyl]-4-nitro-
phenol (HLZ)

The ligands, HL! and HL? were synthesized by refluxing 2-hydroxy-
5-nitrobenzaldehyde (835.6 mg, 5 mmol) with N,N-dimethyl-1,2-
ethylenediamine (0.55 mL, 5 mmol), N,N-diethyl-1,2-ethylenediamine
(0.70 mL, 5 mmol)), respectively in methanol (30 mL) for 1 h. The
methanolic solutions were cooled to 0 °C, and solid sodium borohydride
(210 mg, 6 mmol) was added to both solutions slowly with constant
stirring. After completion of the addition, the resulting reaction mixtures
were acidified with concentrated HCl (5 mL) and then evaporated to
dryness. The reduced Schiff-base ligands (HL', HL?) were extracted from
the solid residue with methanol. These methanolic solutions were used
for preparation of complexes.

2.3. Syntheses of the complexes [Cu(L")(u1,3-N3)]oo (1), [Ctua(L?)2(u1,1-
N3)(u1,3-N3)lo (2)

Cu(ClOy4)2-6H20 (370 mg, 1 mmol), dissolved in 15 mL methanol,
was added to methanolic solution of previously prepared 1 mmol; HL! as
described above with constant stirring. An aqueous solution (5 mL) of
excess NaN3 (130 mg, 2 mmol) was slowly added with continuous stir-
ring. Now the whole solution was refluxed for 1 h. A deep blue solution
was formed with little fine crystalline precipitate. After filtration, the
solution was kept in open air. Reddish coloured needles of complex 1,
suitable for single crystal diffraction were obtained by slow evaporation
of this filtrate. Complex 2 was synthesized following the same proced-
ure, using HL2.

Complex 1: Yield: 0.22 g; (65%). Anal. Caled. For C11H14CuNgO3
(343.85): C, 38.43; H, 4.69; N, 24.44. Found: C, 38.50; H, 4.74; N, 24.52.
IR (KBr pellet, em ™) V(N-H), 3171 em™!, ¥(N3), 2078 and 2048 cm L.

Complex 2: Yield: 0.52 g; (70%). Anal. Calcd. For CogH40CuaN1206
(743.78): C,41.99; H, 5.42; N, 22.60 Found: C, 42.18; H, 5.64; N, 22.73.
IR (KBr pellet, cm™): g, 3276 cm ™}, v(N3), 2071 and 2053 cm ™.
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2.4. Physical measurements

Elemental analyses (C, H and N) were performed using a PerkinElmer
2400 series-II elemental analyzer. IR spectra in KBr pellets (4500-500
cm 1) were recorded using a PerkinElmer RXI FT-IR spectrophotometer.
Electronic spectra (1500-250 nm) were recorded in a Hitachi U-3501
spectro-photometer. The morphology of complexes is measured by field
emission scanning electron microscope (FESEM).

2.5. X-ray crystallographic data collection and refinement

The crystallographic data of complexes 1-2 were collected as
described earlier [42-44]. The crystals were mounted for data collection
on a Bruker-AXS SMART APEX II diffractometer equipped with graphite
monochromated Mo-Ka (A = 0.71073 ./0\) radiation. The crystals were
positioned at 60 mm from the CCD and 360 frames were measured with
a counting time of 5 s. The structures were solved using direct methods
with the SHELXT 2014/4 program [45]. The non-hydrogen atoms were
refined with anisotropic thermal parameters. The hydrogen atoms
bonded to carbon were included in geometric positions and given
thermal parameters equivalent to 1.2 times (1.5 for methyl hydrogens)
those of the atom to which they were attached. Absorption corrections
were carried out by SADABS program [46]. In complex 2, two atoms
namely N(33) and C(34) were disordered over two positions which were
refined with populations x and 1-x, with x refining to 0.44(2). The
structure was twinned with BASF refining to 0.057(16). Both structures
were refined on F2 using Shelxl116/6 [47,48]. Details of the crystallo-
graphic data are summarized in Table 1. CCDC-1979815 (1),
CCDC-1979816(2) contain the supplementary crystallographic data
which can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

2.6. Thin film fabrication from the precursor complexes

For optimum use and easy calculations of device parameters, thin
films of the complexes are prepared. The thin film techniques have been
used successfully to fabricate optoelectronic devices, electrodes, sensors
etc. In this work, both complexes were deposited on ITO substrates
(resistance ~ 10 Q/sq cm, surface area 1.0 x 1.0 cm?) by spin-coating
method. ITO substrates were properly cleaned using following steps.
They were washed first in soap-water and then with running distilled

Table 1

Crystallographic parameters for complexes 1 and 2.
Complex 1 2
Chemical formula C11H16CuNgO3 Ca6H40Cu2N1206
Formula weight 343.85 743.78
Crystal system Monoclinic Monoclinic
Space group P2,/c P2,
a(A) 13.506(2) 7.858(5)
b (&) 10.8408(19) 11.056(5)
c (10\) 9.7941(18) 18.042(5)
B, deg 102.119(2) 95.632(5)
Vv (A3) 1402.0(4) 1559.9(13)
Z 4 2
Peaic(g cm™>) 1.629 1.584
p (Mo Ka) (mm-1) 1.578 1.425
F(000) 708 772
Reflections collected 9513 11,548
Independent reflections 2503 5856
Reflections with I > 26(I) 1920 5295
R;", Wth 0.0332, 0.0794 0.0360, 0.0895
GOF* 1.066 1.042
Residual electron —0.350, 0.324 —0.355, 0.904

Density, e/A~3
* Ry = X|[Fol|—[Fe||/ZFol-
Y WRy (F2) = [L[w(F2 — FA%/Yw Fél” and.
¢ GOF = [Y[W(F2 — F2)*/(Nobs— Nparams)1”
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water. Now, these were sonicated for 1 h and degreased with 1:1 NH3
and isopropanol vapour. Then the substrates were dried for 2 h in a hot
air oven. About 3-4 mg of each composite were then dispersed in DMF in
the ratio 1:4 and ultrasonicated for an hour. Now, a few drops of this
solution were dropped onto the centre of clean ITO and spun at 600 rpm
and then 1200 rpm for 3 and 5 min, respectively. The resulting films
were dried in inert atmosphere and kept in desiccators.

3. Results and discussion
3.1. Syntheses of the complexes

The monocondensed tridentate reduced Schiff base ligands HL! and
HL? have been synthesized by reported methods [49,50]. Both these
ligands, on reaction with Cu(ClO4)2-6H20 and NaNj in 1:1:2 M ratios
produce two 1D polymeric chains [CU(LI)(/Il,g-Ng)]m 1), [Cuz(LZ)Z(m,
1-N3)(41,3-N3)] o (2) in CH30H-H20 mixed solvent (10:1,v/v) (Scheme
1).

3.2. IR spectra of the complexes

Complexes 1 and 2 show moderately strong and sharp peaks at 3171
and 3276 cm ™, respectively, ascribed to the symmetric stretching vi-
bration of the amine (N-H) group. The absence of a typically strong and
sharp peak due to the imine bond vibration in the range of 1620-1650
cm ! confirms that the Schiff base ligand has been reduced. Both these
data clearly indicate the reduction of the (>C—N-) moiety in the
complexes [51-53]. In addition, the presence of (N3) azido ligands in
both complexes is confirmed by the appearance of strong and sharp
peaks at 2078 cm™! in 1 and 2071, 2053 cm ™~ in 2.

3.3. Description of the crystal structures

The X-ray crystal structure shows that complex 1 is a y1,3-N3 bridged
1D polymeric chain based on asymmetric [(CuLl)(m,g-Ng)] unit (Fig. 1).
In the chain, the copper atom [Cu(1)] occupies pentacoordinated square
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pyramidal geometry. Three donor atoms, secondary amine nitrogen
atoms, N(18), N(21) and phenoxido oxygen atom, O(10) from the
uninegative chelating tridentate ligand @y along with the N(1) atom of
an azide ion constitute the basal plane with expected bond distances in
the range of 1.943(2)- 2.062(2) A. Another N atom N(3)%; ® = x, 1/2-y, 1/
2+2] of the azide group from a neighbouring unit coordinates in the
axial position at a distance of 2.405(3) A to complete the square pyra-
midal geometry and to form the y; 3-azido bridged 1D chain (Fig. 1). The
basal Cu-N bond distances are longer than the basal Cu-O distances. The
range of cis and trans angles around this Cu centre are in the range of
[85.38(9)°-102.23(11)°1, [170.03(11)°-170.12(9)°] respectively. The
deviation of the geometry between square pyramidal and trigonal
bipyramidal is calculated by the Addison parameter (t). The value of 7 is
defined as the difference between the two largest donor-metal-donor
angles divided by 60, t is O for the ideal square pyramid and 1 for the
trigonal bipyramid. The 7 value of Cu(1) is 0.0, indicating that the ge-
ometry around Cu centre is square pyramid. The r.m.s. deviation of the
four basal donor atoms of Cu(1) from their mean coordination plane is
0.011 A with metal ion placed 0.161(1) A away from the plane towards
the N(B)b atom. Hydrogen bonds are formed between N(18)-H(18) and
0O(10) in adjacent molecules in the 1D chain (Fig. S1). Selected bond
distances, angles and hydrogen bond parameters are given in Tables S3
and S4 respectively.

Complex 2 also possesses a 1D polymeric chain structure but here the
chain is formed by alternating y; 3-N3 and y4,1-N3 bridges in repeating
fashion. The formula of the asymmetric unit is [(CuLz)(,um—Ng)(CuLz)
N3]. Here also, both Cu(II) centres are penta-coordinated with distorted
square pyramidal geometry (Fig. 2). The basal plane around Cu(1) is
formed by two amine nitrogen atoms [N(18), N(21)], one phenoxido
oxygen atom [O(10)] of tridentate reduced Schiff base ligand (L3 and
one nitrogen atom [N(1)] of y; 3-azido (N3) ion with bond distances in
the range of 1.935(3)-2.113(4) A. The axial position is occupied by a
nitrogen atom [N(4)b] (b = 1+x,y,2) of a yy,; bridged azido ion from a
neighbouring unit with bond distance of 2.496(5) A. The range of cis and
trans angles around this Cu centre are in the range of [85.38(18)°—
106.04(15)°1, [156.39(18)°-175.33(19)°1, respectively. The Addison

O,N O,N
XN /\‘ NaBH, N/\
—> H

NR,
OH
Reflux, 1 h
Cu(Cl0,),.6H,0 + HL! + NaN; ——
® MeOH
Reflux, 1 h
Cu(Cl0O,),.6H,0 + HL? + NaN, —
® MeOH

NR,
OH
HL': R =-Me
HL2: R=-Et
NH N_\NR
N -
. Cu
O,N 0/ \I\=N=N/
1
i
/—NR, R,N-N
Ya 2
Q N\\ _N=N=N //N\\
VH/Cu Cu\ Cu
/ \ / N2
: 0 0
O,N .9
2 2

Scheme 1. Syntheses of complexes 1 and 2.
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Fig. 1. The structure of 1 with ellipsoids at 30% probability. (* = x, 1/2-y, -1/2+z, ® = x, 1/2-y, 1/2+2) (left); Chain structure of coordination polymer 1 (right).

,/.

Fig. 2. The structure of 2 with ellipsoids at 30% probability. (* = -1+x, y, 2, b— 1+x, y, 2) (left); M-type helical structure of complex 2 (right).

parameter (t) of 0.316 for Cu(1) suggests that the geometry is signifi-
cantly distorted from ideal square pyramidal towards trigonal pyrami-
dal. The distortion around Cu(l) is also apparent from the r.m.s.
deviation (0.221 [D\) of the four equatorial donor atoms from their mean
coordination plane and the metal ion is 0.188(2) A away from the plane
towards axial N(4)b atom.

The basal plane around Cu(2) is constituted by two amine nitrogen
atoms [a disordered N(34) refined over two sites named N(34A) and N
(34B) with occupancies 0.44(2), 0.56(2) respectively, and an ordered N
(37)1, one phenoxido oxygen atom [O(26)] of tridentate reduced Schiff
base ligand (L% and one nitrogen atom [N(4)] of u,; bridged azido

(N3)™ anion with bond distances in the range of 1.952(4)-2.114(4) A.
One nitrogen atom [N(3)] of y; 3—azido ion occupies the axial position at
2.363(5) A. The range of cis [85.38(18))-98.84(18)°] and trans angles
[165.12(17)-176.0(3)°] around Cu(2) atom indicates the presence of
distortion from the ideal square pyramidal geometry similar to that
found around Cu(1). Because of the disorder in the position of N(34),
two different values of the Addison parameter (t) were calculated to be
0.033, 0.181 using N(34A) or N(34B) as part of the coordination
respectively. Values concerning the equatorial plane were also different
dependent on whether N(34A) or N(34B) were included with r.m.s.
deviations of 0.022, 0.153 A and the with the metal ion deviating by
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0.272(4), 0.106(2) from the plane towards the N(3) atom. The chirality
comes in 2 from helical structures e.g. P (right-handed helix) and M (left
handed-helix) of polymeric chains. Complex 2 forms M-type of helix but
it crystallizes as a conglomerate in chiral space group P2;.There is a
strong hydrogen bond between N(18)-H and 0(26)b concurrent with the
polymer formation. Because of the disorder, it is difficult to assess
possible hydrogen bonds involving N(34) but there is no such bond in
the polymer. However a weak such bond is observed for N(34A) with O
(105) (I-x, -1/2+y, 1-z) but not for N(34B) (Fig. S2). Selected bond
distances, angles and hydrogen bond parameters are given in Tables S3
and S4, respectively.

3.4. Optical study

Fig. 3 (a) and (b) represent the UV-Visible absorption spectra of 1
and 2, respectively. Very similar spectra are obtained for the complexes.
Both complexes show sharp rise of the absorption peaks around 460 nm
and also show maximum absorption at 372 nm. The band gap energy
was calculated from the conventional Tauc’s relation

(ohv) oo (hv-Ey)" @

where, photon energy; E,, band gap energy; o, absorption coefficient; n,
coefficient for direct band-to-band transition of value !4. Optical band
gap was calculated by plotting (ahv)? vs. hv and extrapolating the
straight line to the x-axis. The band gap (Eg) was calculated as 2.91 and
2.89 eV for complexes 1 and 2, respectively. These values suggest that
changing of ligands has no impact in band structure because the com-
plexes were synthesized by using similar N2O donor reduced Schiff base
ligands and azido (N3) as bridging ligand. As both materials possess a
wide band gap, this provides a good indication of useful device making
properties.

3.5. Morphological analysis

Fig. 4 (a) shows a FESEM image of a thin film of complex 1 where
randomly oriented flakes are grown with individual coarse islands. It
shows porous morphology with several randomly oriented flakes, some
of which have shallow cavities. Though the flakes are distinct, it is not
possible to measure the size of grains due to agglomeration. On the other
hand, complex 2 [Fig. 4 (b)] shows uniform granular morphology
throughout the substrate and forms a nano bed. Average size was
calculated to be 70-80 nm. Very few agglomerated particles are
observed but overall morphology is uniform and compact. No pores have
been found.

0.8 (a) 5x10°] =
= g
= 2
5.0.6- %
-5} =
2 2
® 044 3
2 0.4
S
2
iz . :
< 0.2 - 25 hV (eV) 3.0
0.0

600 800
Wavelength (nm)

400 1000

Polymer 204 (2020) 122815
3.6. Electrical properties of devices

Two-probe I-V measurements were carried out by taking ITO coated
glass substrates as the bottom contact and Al as the top contact ITO/
complex/Al). Experiments were carried out with Keithley 4200 in dark
and under 1 Sun light illumination in the voltage range of —1 to +1 V.
Fig. 5 shows I-V nature for complexes 1 and 2, respectively. Evidently,
the I-V characteristic curve of 2 exhibits enhanced nonlinear rectifying
behavior compared to 1. The nonlinearity of the I-V curve indicates the
conduction mechanism is non-ohmic in nature for both coordination
polymers and rectifying nature infers schottky barrier diode character-
istics. Room temperature conductivity of 1 under dark and light condi-
tions has been calculated as 12.54 x 107> S em ! and 20.94 x 107> §
cm ™! respectively, whereas for 2 the values are 13.45 x 10> S cm ™! and
28.14 x 107> S em ™ respectively. It is clearly shown that the conduc-
tivity has been increased for both polymeric substances under illumi-
nation condition. Now thermionic emission theory has been followed to
get better realization of charge transportation [54]. The -V plots are
quantitatively analyzed and all parameters are verified using Cheung’s
equation

\%4
I=1, {exp (i;]k_T> — 1} 2

where, I represents forward current, Ip; reverse saturation current, V;
applied potential, g; electronic charge, K; Boltzmann constant, T; abso-
lute temperature and n; ideality factor. The saturation current Iy can be
derived from the intercept of In(I) at V = 0 and is given by

2 —q%Ps
Iy=AA'T exp( XT ) 3)
where, ¢p represents barrier height, A; effective diode area, and A* is
effective Richardson constant, respectively. The effective diode area was
maintained as 8.0 x 1072 cm?, and the effective Richardson constant
was considered as 32 A K2 cm ™2 for all the devices. Now, forward I-V
characteristics can be expressed as

=1, {exp (%)] @

where, the IRg is the voltage drop across the series resistance that can be
determined from the following equation

av nkT
= =+ IR, 5
d(Inl) q + ®

Equation (5) also can be expressed as a function of ‘I’ as

154 n\ (b)
—_ 1.5x10"{ =~
= g
< o =
::1.0 1 1.0x10 E
Q p—
g 5.0x10° E
= 3
h e’
=3
2 0.5 - .
5 3.0 35
< hv (eV)
0.0 T T T T T T T T
400 500 600 700 800

Wavelength (nm)

Fig. 3. UV-Vis spectrum of (a) complex 1, inset: band gap of 1 (b) complex 2 and; inset: band gap of 2.
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EHT=1500KV  CRNN(CU)
- WD = 7.5mm

Signal A=SE1  Date 16 May 2019 w
Mag= 30.00 KX Time :12:31:36

Fig. 4. FESEM images of (a) complex 1 and (b) complex 2.

EHT=1500kV  CRNN(CU) Signal A=SE1  Date :16 May 2019 w
L/ WD= 7.5mm Mag = 30.00K X Time :12:58:23
0015 ) (@)
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= 2 ---Dark
L0010
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-1.0 -0.5 0.5 1.0

0.0
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Fig. 5. I-V characteristic curve of (a) complex 1 under dark and illumination, inset: In I vs. V plot; (b) complex 2 under dark and illumination, inset: In I vs. V plot.

H(D = IRs + n®s (6)

and H(I) can also be expressed as follows:

H(I)=V - <%) ln( AAITZ) @)

The ideality factor () and series resistance (Rg) of two devices are
calculated under dark and illumination conditions from the intercept
and slope of dV/d(In I) vs. I plots (Fig. 6). The resultant ideality factor (1)

/./.
1.5 (@)
1.2
=
< 0.9 —m—Dark
E —e—Light
T 0.6
=
0.3
0.0 : : .
1.2x10° 1.6x10° 2.0x10°
1(A)

values are 2.25, 3.21 under dark condition and 1.59, 1.27 under illu-
mination for coordination polymers 1 and 2, respectively. The calcu-
lated 1 values suggest that the MS junctions of both complexes are not
exactly ideal. This deviation originates from various reasons e.g.
mismatch of interfacial states, in-homogeneities in Schottky barrier
height and series resistance in the junction [55]. But complex 2 shows
more ideality in device fabrication over 1.

The potential barrier height (®g) values are calculated from the in-
tercepts of H(I) vs. I plots of both complexes 1 and 2 (Fig. 7). The values
of ‘H’ are calculated by using 1) values (obtained from Fig. 6) in equation

0.6{(®)
/
_ —
< 0.4-
s« —m— Dark
E —e— Light
=
2 0.2-
0.0 . . ;
1.2x10° 1.6x10° 2.0x10°
1(A)

Fig. 6. dV/d(In I) vs. I plot under dark and illumination conditions for (a) complex 1 and (b) complex 2.
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Fig. 7. H () vs. I graph under dark and illumination condition for (a) 1 and (b) 2 thin film devices, respectively.

(6). The plots of H (I) vs. I provide straight lines with the y-axis in-
tercepts, which are equal to n®p values. All the device related parame-
ters e.g., potential height (¢p), ideality factor (n), and series resistance
(Rg) are listed in Table S1 (for 1) and Table S2 (for 2).

Now SCLC theory has been introduced for detailed analysis of MS
junctions in the light of charge transport phenomena. The application of
SCLC theorem helps to calculate several important transport parameters
e.g. effective carrier mobility (pes), diffusion length (Lp), transient time
(1), carrier concentration etc. Fig. 8(a-d) represent log-log plot of
complexes 1 and 2 under dark and illumination conditions. Both plots
show two separate linear regions of different slopes, which suggest that
two different conduction mechanisms are operating in MS junction. At
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low potential (region-I), the device exhibits an ohmic nature where,
current is directly proportional to applied voltage (I V). Region-I is
attributed to thermionic emission where bulk generated electrons
govern to produce current than the injected free carriers [56-58]. At
higher bias, the I-V curve follows power law nature (I « V™), where
slope values (m) are determining factor to separate ohmic and SCLC
regions. In case of the ohmic region, the slope is < 1 whereas >2 for
SCLC region [59]. Just after the region-I current becomes directly pro-
portional to the square of applied voltage (I « V2). Therefore in region-II,
current is governed by space charge limited current (SCLC) and is also
proportional to the square of applied bias [60,61]. Therefore, standard
SCLC theory was applied here to get further insight into the charge
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Fig. 8. log (I) vs. log (V) plot for complex 1 under (a) dark and (b) illumination conditions and log-log plot of complex 2 under (c) dark and (d) illumina-

tion conditions.
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transfer process.

From the I vs. V2 graph (Fig. S3) carrier mobility values have been
evaluated by using the Mott—Gurney equation [62]:

9“gﬂ€ller V2

_ v 8
T (8)

where J, €, €, Jlefr and d are current density, permittivity in free space,
relative dielectric constant of CPs, effective carrier mobility and thick-
ness of the film respectively. Before calculating pesf, dielectric constants
for both complexes have been measured from the plots of capacitance vs.
frequency (Fig. S4) with the help of following equation [63]:

_1CL

= 9
¢ & A ©

Here, C; saturation capacitance, L; film thickness, A; diode area,
respectively. The calculated relative dielectric constants for complex 1
and 2 are 4.23 and 1.27, respectively. Relatively lower dielectric con-
stant value of complex 2 ensures its potential use in opto-electronic
device to minimize power loss.

Here thickness of the films is about 1 pm for both devices made by
complexes 1 and 2. Transit time () of the charge carriers is another key
parameter in analyzing charge transport across the junction. The t
values have been calculated from equation (10) with help of the slopes
of forward -V curves (Fig. 5) [64].

e, A [V
=78 <7> (10)

Effective carrier mobilities and transit times for 1 and 2 are pre-
sented in Tables S1 and S2. Higher mobility value of 2 indicates easier
electron transport through the MS junction compared to 1. After light
illumination, mobility enhancement of the carrier signifies a good
photo-responsivity for this kind of polymeric semiconductor. These
entire device related parameters imply the eventual superiority of
complex 2 compared to complex 1.

4. Conclusions

Two similar NyO donor tridentate ligands on reaction with Cu
(Cl04)2-6H20, produce two new Cu(Il) based 1D polymeric chains in
presence of azido co-anion. Although the ligands are very similar, the
connectivity in the chains are different: in 1 the Cu(Il) centres are
connected only by yq,3-N3 bridge whereas in 2 alternating y1,1-N3 and
u1,3-N3 bridges are present. The semiconducting nature of both the
chains is evident from their wide electronic band gaps. The I-V char-
acteristics of complexes 1 and 2 show non-linear rectifying properties
under illumination condition, suggesting Schottky Barrier Diodes char-
acteristics. Measurements of different device parameters like carrier
mobility, transit time, and diffusion length, barrier height, ideality fac-
tor show that both polymeric complexes are promising material for SBD
devices and device applicability of 2 is better than that of 1.
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