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Development of electrical conductivity-based
photosensitive switching devices using metal
complexes with Schiff base ligandsf

Shibashis Halder

Investigations of the electrical conductivity as well as the charge transportation properties of various
types of metal complexes are observed to be an emerging trend in contemporary research. Scientific
analyses on the implementation of metal complexes in the fabrication of electrical conductivity based
photosensitive switching devices are being carried out by different research groups. But, until now only
a few research articles have been reported which are related precisely to this research area. Given the
current energy crisis faced by civilization, the development of energy efficient sun light-dependent
photosensitive switching devices is a real requirement. Given that the processes of synthesis of Schiff
base molecules are uncomplicated as well as cost efficient, the preparation of Schiff base-containing
metal complexes is also simple and less expensive. Consequently, large scale production of Schiff base-
containing metal complexes along with their industrial execution in the development of photo-switching
devices is considered to be highly significant. From this perspective, the recent advancements in the
area of research where Schiff base-containing metal complexes have been applied in the fabrication of
electrical conductivity-based photosensitive switching devices have been discussed in this review article.
It is noteworthy that researchers in the fields of chemistry, physics and material science should benefit
from this overview.

complexes.”” The application of metal-organic hybrid materi-
als in the making of electronic devices is catching the attention

In recent years, a growing trend has been observed towards the
investigation of the electrical conductivity as well as the charge
transportation properties of different kinds of metal
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of today’s researchers.®™”

The nature of the combination between the metal centres
and the organic moieties within the structural architecture of a
metal complex as well as the extent of resonance are considered
as pivotal factors for determining the conducting properties of
the material.*®*2° For a long time, Schiff-base molecules have
played a significant role in developing stable complexes due to
their strong tendency for complexation with metal ions.*' "
Recently, numerous metal complexes with conjugated Schiff
base ligands have been reported to exhibit fascinating electrical
conducting properties.*>~°

An electrical conductivity-based photosensitive switching
device may be identified as a device which can exhibit I-V
characteristics that display enhanced magnitude of conduc-
tivity in the presence of light compared to that in the dark.

The simplistic route of synthesis for Schiff base compounds
correspondingly makes the development of metal complexes,
containing Schiff base molecules as ligands, time efficient as
well as less expensive. In addition to this, slight modification
by incorporation of different substituent groups within the
structural architecture of Schiff base molecules results in the
modulation of various significant characteristics of the metal
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complexes developed with those Schiff base molecules. Due to
these reasons, Schiff base containing-metal complexes can be
considered as an ideal choice for the fabrication of electrical
conductivity based photosensitive switching devices.*”*°
Since the large scale production of Schiff base containing
metal complexes is reasonably easy, their industrial implemen-
tation in making photo-switching devices is easily achievable
and therefore highly demanded in contemporary research.
Herein, a detailed overview was presented regarding the
reported metal complexes (containing Schiff base molecules
as ligands), which were implemented in the development of
electrical conductivity-based photosensitive switching devices.

Discussion

For the fabrication of an electrical conductivity based photo-
sensitive switching device, the material should be layered as a
thin film on the surface of ITO (indium tin oxide) covered glass.
To clean the glass substrate coated with indium tin oxide,
initially either acetone or isopropanol is utilized, subsequently
washing with water; finally an ultrasonication process is imple-
mented. Thereafter, to dry it, generally a vacuum chamber is
used. To prepare the material’s thin film on the surface of the
ITO coated glass, initially preparation of a finely dispersed
solution of the required material is carried out in a proper
solvent with the help of the ultrasonication method. After
obtaining the well dispersed solution of the sample, the devel-
opment of the thin layer is carried out by depositing the sample
on the surface of the glass coated with ITO following the spin
coating technique. To modulate the layer’s thickness, the rate
as well as the time of spinning has to be controlled. Prior to
aluminium-deposition as the front contact electrode, the
already placed thin layer of the sample has to be appropriately
desiccated using a vacuum oven at nearly 100 °C. The deposi-
tion of the Al-electrode can be carried out over the thin film
with the help of the vacuum coating technique at a pressure of
nearly 107® Torr. For the characterization of the electrical
properties of the material, the current(l)-voltage(V) character-
istics of the designed device are monitored by applying any
kind of source meter utilizing the two-probe method.***! The
I-V features of the designed device may be monitored in the
dark as well as under illuminated conditions. The construction
of an electrical conductivity-based photosensitive switching
device is depicted in Fig. 1.

Any material’s electrical property can be measured as its
efficacy in charge transportation. Transportation of electrical
charge has a direct connection with the carrier mobility (i.e. m)
as well as with the charge carrier concentration (i.e. n). The
structural architectures as well as the electronic properties of
the systems play pivotal roles in controlling these variables.
Fundamentally, the charge transport processes within solid
materials can be established via two mechanistic pathways:
the hopping charge transport mechanism and band-like
(or ballistic) transport mechanism.**** The hopping charge
transport mechanism suggests the transfer of charge carriers
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Fig. 1 Schematic depiction of an electrical conductivity-based photo-
sensitive switching device fabricated with a metal complex with a Schiff
base ligand.

between non-bonded discrete sites. This charge transportation
pathway is mainly attributed to the conducting properties
of organic semiconductors as well as disordered materials.
Contrary to this, the pathway of band-like transportation sug-
gests strong interactions in between suitable sites (for the
development of uninterrupted energy bands) that exist within
delocalized charge carriers. This charge transportation pathway
can be ascribed to the conducting properties of the inorganic as
well as hybrid materials.*>*®

Fascinatingly, it has been observed that the conductivity of
the hopping type is always triggered due to thermal energy,
i.e.; with increase in temperature the conductivity of the
material will increase. This observation can be exemplified
with the equation as follows,

o = g exp[—(To/T)"]

where the conductivity, temperature and dimensionality of the
material are represented by “¢”, “T” and “d”’ respectively; “c,”
as well as “T,” are constants and their values are material-
specific.

In addition to this, the conducting properties of semicon-
ductor materials are also found to display Arrhenius depen-
dency,49’52

o = 0o exp[—(E./kT)]

where the activation energy is represented by “E,”. The materi-
al’s bandwidth is generally related to the magnitude of “E,”.

Researches in the field where Schiff-base containing metal
complexes were reported to exhibit photo-sensitive conducting
properties first emerged almost a decade ago. Now, detailed
discussions on these photo-sensitive conducting complexes
are being presented. Table 1 contains the structure of these
complexes along with their conductivity values. Table S1, ESI}
contains a list of abbreviations.

Roy et al. reported the synthesis and characterization of a
new thiocyanate bridged two dimensional metal organic

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table1 Structure of the Schiff base-containing metal complexes reported to be used in making electrical conductivity-based photosensitive switching devices

S.no.  Structure Conductivity (under dark) (Sm™")  Conductivity (in light) (Sm™")  Ref.
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Conductivity (under dark) (S m™")

Conductivity (in light) (S m™)  Ref.
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8.26 x 102

2.02 x 1072

3.63 x 1073

2.13 x 1073

3.99 x 1073

22.07 x 1072 56
8.55 x 1072 57
4.13 x 1073 58
3.19 x 1073 59
7.13 x 1073 59
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Table 1 (continued)
S.no.  Structure Conductivity (under dark) (S m™")  Conductivity (in light) (S m™")  Ref.
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Table 1 (continued)
S. no. Structure Conductivity (under dark) (S m™ Conductivity (in light) (S m™ Ref.
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Table 1 (continued)
S.no.  Structure Conductivity (under dark) (S m™")  Conductivity (in light) (S m™")  Ref.
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Table 1 (continued)
S.no.  Structure Conductivity (under dark) (S m™")  Conductivity (in light) (S m™")  Ref.
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Table 1 (continued)
S.no.  Structure Conductivity (under dark) (S m™")  Conductivity (in light) (S m™")  Ref.
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S. no. Structure

Conductivity (under dark) (S m™")  Conductivity (in light) (S m™")  Ref.
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3.69 x 1074 10.68 x 10 72
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framework, [CAL"(u-1,3-SCN),],, (1), [where HL' represents 2-(2-
(ethylamino)ethyliminomethyl)-6-ethoxyphenol] (Fig. 2(a)).>®
The band gap determined by the authors suggested the possi-
bility of the material to possess some conducting properties. To
fabricate an electrical conductivity-based photosensitive switch-
ing device the material was reported to be sandwiched as a thin
film in between an ITO coated glass surface and metallic
aluminium. The conductivity of this device was reported as
2.16 x 108 Sem ™' and 1.01 x 1078 S em ™ in the presence of
light and in the dark, respectively (Fig. 2(b)). The authors
reported that the repetitive measurements of the conductivity
of the device were performed at a fixed bias voltage of 10 V.
Halder et al. reported a thiocyanate bridged Cd(u) MOF,
[Cd(3-bpd)(SCN),], (2) (3-bpd represents 1,4-bis(3-pyridyl)-2,3-
diaza-1,3-butadiene) (Fig. 3(a)).>* This metal organic framework
was reported to be well-characterized using X-ray diffraction
analysis, elemental analysis, thermogravimetric analysis and
various spectroscopic techniques. X-ray diffraction study revealed
the existence of a 2D ripple like polymeric network. To study the
conducting characteristics of the MOF a device was reported to be
fabricated by sandwiching the material in between ITO coated
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permission from ref. 53. Copyright 2015 Royal Society of Chemistry.
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glass and metallic Al. The conducting properties of the metal
organic framework were reported to be monitored in dark condi-
tions as well as under the illumination of light also. The authors
reported that the conductivity of the MOF enhanced in the
presence of light compared to that in the dark. It was reported
that on enhancement of the incident radiation intensity, the
photosensitivity of the fabricated device further improved. The
conductivity of the device was reported as 4.53 x 10~7 S cm™ " and
1.93 x 10 ®S em ™" in dark conditions and under the illumination
of light at a constant bias voltage of 1.0 V, respectively (Fig. 3(b)).
According to the authors, this assembly can be successfully
implemented as a conductivity based photo-switching device.
Halder et al. again reported a newly synthesized thiocyanate
bridged 2D cadmium-based MOF, [Cd(4-bpd)(SCN),],, (3) (where
4-bpd represents 1,4-bis(4-pyridyl)-2,3-diaza-1,3-butadiene).
X-ray diffraction analysis of the single crystal of the complex
displayed a captivating 2D ladder-like molecular design.
A specific device fabrication was reported to be carried out by
the authors where the MOF was sandwiched between ITO
covered glass and aluminium. This specially designed device
was observed to display some fascinating properties related to
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(a) A perspective view of the asymmetric unit of 1; (b) conductivity of ITO/1/Al configuration at light-on and light-off conditions. Reproduced with

25
204 | | oo !
. T N T T
2 T N N T L
1 1 [ ' 1 1
g 1859 ! | ' | ' ' 1 !
[ 1 o !
brd T T 'y
= 1 o b gt : !
= 4 |
2 =0 L R T B T
B | T T T N T
=054 ! ¢« U ¢ U oot
Q ‘_' L T N S G .
o'o T T T T T
0 100 200 300 400 500 600
Time (s)

(a) A thermal ellipsoid plot of an asymmetric unit of 2 drawn with 50% ellipsoidal probability; (b) conductivity of the device fabricated with 2 at

light-on and light-off conditions (bias voltage = 1.0 V and intensity of incident light = 80 mW cm™2). Reproduced with permission from ref. 54. Copyright

2015 Royal Society of Chemistry.
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electrical conductivity. The constructed device’s I-V features
were recorded under light illuminated conditions and also in
the dark. The current-voltage curves obtained for this device
exhibited a non-linear pattern. The values of the electrical
conductance of the configured device were presented by the
authors as 2.90 x 10°* S m ' and 7.16 x 107* S m™ %, in the
dark and in light illuminated conditions, respectively. The
conductivity was reported to be measured by applying a bias
voltage sequentially within a range of £5 V. The authors
investigated various parameters to rationalise that the config-
ured device can be proficient to work as an electrical
conductivity-based photosensitive switching device. These
results were justified well with the support from density func-
tional theoretical analyses. In accordance with the theoretical
interpretations, it was reported that under the irradiation of
light there occurs a significant decrease in the magnitude of the
energy necessary for the allowable electronic transition (valence
band to conduction band). This may be attributed to the reason
that under the illumination of light, slight fluctuations occur in
several bond lengths of the 4-bpd moiety. As said by the
authors, this may be the reason for the enhancement in
electrical conductivity.

Ghorai and co-workers reported a newly synthesized Cd-
based 1D coordination polymer (4). This coordination polymer
comprises a Schiff base ligand based on a quinoline moiety
together with a cyanate moiety.>® A device was configured by
sandwiching this coordination polymer in between ITO layered
glass and metallic aluminium. This configured device was
described to display fascinating electrical characteristics. The
device’s I-V curves exhibited rectifying non-linear nature. In
addition to this, it was reported that the electrical conductivity
of the fabricated device increases under the illumination of
light compared to that in the dark. The conductivity values were
reported as 8.26 x 107> S m™ " and 22.07 x 10" > S m ™" under
dark condition and in the presence of light, respectively. The
conductivity measurement was performed by applying a bias
voltage of 2 V. The authors carried out theoretical analyses to
support these experimental findings. The direct band gap
obtained from DFT analysis was reported as 1.836 eV, which
is in good agreement with the value of the band gap obtained
experimentally (2.16 eV). The enhancement of conductivity of
the material in the presence of light was also nicely explained
by theoretical analysis.

Roy and co-workers reported a new lead(u)/nickel(u) coordi-
nation polymer [(NCS)Pb(H,0)-L*Ni(NCS)], (5) (where H,L>
represents N,N’-bis(3-methoxysalicylidene)propane-1,3-diamine).””
The characterization of this coordination polymer was performed
by numerous spectroscopic methods, which include X-ray single
crystal diffraction analyses. The value of the optical band-gap of the
material was calculated as 3.18 eV with the help of the Tauc plot.
This finding signifies semiconducting behaviour of the material.
This coordination polymer was sandwiched between the ITO
coated glass surface and Al to generate a device to study its
electrical properties. It was reported by the authors that the
conductivity of this device enhanced under the irradiation of
light compared to that under dark conditions. The values of

5044 | Mater. Adv, 2023, 4, 5033-5049

View Article Online

Materials Advances

electrical conductivity of the configured device were reported as
2.02 x 10°* S em ™" in the dark and 8.55 x 10™* S cm ™" in the
presence of light.

Khan et al. reported a newly synthesized Cu-based coordina-
tion polymer, [Cu,L?,(1-1,3-SCN),], (6) (HL® represents 2-(((2-
(ethylamino)ethylimino)methyl)-6-ethoxyphenol).>® The Schiff-
base ligand was reported to be tetradentate in nature with N,O,
donor sites. Single crystal X-ray diffractrometric analyses reveal
the presence of thiocyanate bridging (end-to-end) within the
structural architecture of the complex. To study the photo-
sensitive sensing properties of this coordination polymer, a
device was designed where the material was layered as a thin
film in between metallic Al and the glass surface covered with
indium tin oxide. This configured device exhibited the con-
ductivity of 3.63 x 10> S cm™ " under dark conditions whereas the
conductivity was reported to be increased to 4.13 x 10> Scm™ ' on
irradiation of light. The photosensitivity of the device was reported
as 2.833. The conductivity measurements were reported to be
carried out at a bias voltage of 2 V.

Konar et al. reported two newly synthesized Zn(u) based
complexes, [Zn(Pymox)Cl,] (7) and [Zne(Pymox)e(p,-O)s] (8)
(“Pymox” represents 3-[(4,6-dimethyl-pyrimidine-2-yl)-hydrazono]-
butan-2-one oxime).>® The values of the optical band-gap obtained
from Tauc plot were reported as 3.43 eV and 2.36 eV for
[Zn(Pymox)Cl,] and [Zne(Pymox)e(},-O)s], respectively. The X-ray
single crystal diffraction analyses confirmed the mononuclear and
hexanuclear nature of [Zn(Pymox)Cl,] and [Zne(Pymox)e(1,-O)s],
respectively. To evaluate the conducting properties of these com-
plexes, both of them were layered as a thin film in between an
indium tin oxide covered glass surface and metallic aluminium. It
was reported that both the devices exhibited enhancement in
conductivity under light irradiation compared to that in the dark.
For [Zn(Pymox)Cl,], the conductivity were measured as 2.13 X
107*Sm "and 3.19 x 10> S m™ " in the dark and in the presence
of light, respectively within a successive bias voltage of + 2 V.
Whereas for [Zng(Pymox)s(L1,-O);] the conductivity was reported as
3.99 x 107* Sm™" in the dark and 7.13 x 10> S m™" under the
illumination of light.

Recently, three newly synthesized Cd-based coordination
polymers (9, 10 and 11) were reported by Ghorai and co-
workers.®® These coordination polymers consisted of Schiff-
base ligands containing quinoline moieties. As revealed by an
X-ray single crystal diffraction study, pseudohalides were
involved pivotally to generate the polymeric structure of these
complexes. Devices were configured to analyse the electrical
properties by developing thin films of these complexes between
indium tin oxide coated glass and aluminium. The I-V curves
obtained from these devices showed rectifying non-linear char-
acter. The electrical conductivities of all these devices were
found to get enhanced under the illumination of light than in
the dark. The values of the conductivity in dark conditions were
reported as 1.26 x 10 ®*Sm ', 1.78 x 1077 S m™ ' and 1.07 x
1077 S m ! for the devices configured with 9, 10 and 11,
respectively. Whereas, after irradiation under light the conductivity
values were measured as 6.72 x 107> Sm %, 6.15 x 107 Sm *
and 2.44 x 1077 Sm™ ! for the devices fabricated with 9, 10 and 11,

© 2023 The Author(s). Published by the Royal Society of Chemistry
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respectively. The conductivity of these devices was reported to be
measured by applying a bias voltage successively within a range of
+2 V. Among these three complexes, 9 exhibited the highest
photosensitivity whereas the lowest photosensitivity was recorded
for 11. As reported by the authors, the transportation of electrons
among the neighbouring Cd-centres can be attributed to the
delocalized m-electrons of the organic ligands as well as those of
the pseudohalide moieties.

Interesting electrical properties of a newly synthesized
nickel(u)/lead(u) tetranuclear complex (12) were reported by
Roy and co-workers.® Characterization by X-ray single crystal
diffraction study disclosed the occurrence of two [(NiO,)Pb]
centres linked through two dimethylformamide moieties.
Tauc’s plot helped to evaluate the optical band-gap, which
was found to be 3.08 eV. This finding recommended the
authors regarding the probable semiconducting characteristics
of the material. To analyse the electrical properties, a device
was configured with this material in such a way that it was
layered as a thin film between indium tin oxide covered glass
and Al. The configured device exhibited conductivity values of
23.12 x 107" S m™" under the irradiation of light and 7.47 x
10~* S m~ " in the dark. The conductivity measurements were
reported to be carried out by implementing a bias voltage
successively within a range of +2 V. In this case, the current-
voltage curve was found to be non-linear.

Two newly synthesized coordination polymers, [Pb,(bdc); 5-
(aiz)], (13) and [Pby(bdc), 5(aiz)-(MeOH),],, (14), were reported
by Dey and co-workers (where, “H,bdc”” represents 1,4-benzene
dicarboxylic acid and “aiz” represents (E)-N'-(thiophen-2-yl-
methylene)isonicotinohydrazide).®> X-ray single crystal diffrac-
tometric study suggested the polymeric structural architecture
of these coordination polymers. Calculation of the optical
band-gaps for both of the complexes was reported to be carried
out with the help of UV-visible spectroscopic analyses. Theore-
tical studies were performed by the authors to justify these
experimental findings. The optical band gaps obtained from
Tauc’s plot were reported as 3.46 eV for 13 and 3.01 eV for 14.
The values of the theoretical band gaps obtained from DFT
computation are 2.84 eV for 13 and 2.52 eV for 14. The obtained
values of the band-gaps provide indications regarding the
probable semiconducting properties of both the coordination
polymers. To properly investigate the electrical properties,
specific kinds of devices were designed by incorporating the
complexes as a thin layer between metallic aluminium and a
glass surface covered with ITO. The current-voltage plots for
both the devices displayed enhancement in electricity under
the illumination of light compared to that under dark condi-
tions. The device configured with [Pb,(bdc), 5(aiz)], exhibited
enhanced value of conductivity compared to the device config-
ured with [Pb,(bdc), s(aiz)-(MeOH),],. The values of electrical
conductance for the device fabricated with [Pb,(bdc), s(aiz)],
were measured as 6.12 x 10 S m ' and 2.94 x 107 °* S m™*
under the illumination of light and in the dark, respectively.
While the obtained values of the electrical conductivity
for the device developed with [Pb,(bdc), s(aiz)-(MeOH),],
were found to be 3.66 x 1077 S m™~ " and 2.92 x 1077 Sm™"

© 2023 The Author(s). Published by the Royal Society of Chemistry
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under the illumination of light and in dark conditions,
respectively.

Interesting electrical properties of a newly synthesized
sodium-cobalt complex (15) (Fig. 4(a)) were reported by Ghosh
and co-workers.®> X-ray single crystal diffraction analyses
revealed the existence of end to end azide bridging within the
structural architecture. The experimentally obtained band gap
specified the probable semiconducting characteristics of the
hybrid metal complex. To study the conducting properties, a
device was configured by layering the complex as a thin film
between aluminium and a glass surface covered with indium
tin oxide. Fascinatingly it was observed that the conductivity of
the fabricated device got enhanced under the irradiation of
light than in dark conditions. As reported, the configured
device exhibited conductivities of 0.88 x 107 S m ' in dark
conditions and 2.38 x 10°% S m~ ! under the illumination of
light (Fig. 4(b)). The conductivity measurements were per-
formed by implementing a bias voltage of +2 V. The authors
reported the value of photosensitivity as 1.45. To rationalise
these experimental findings, the authors carried out theoretical
analyses. Density functional theory calculation suggested the
theoretical band gap as 1.80 eV and justified its enhanced
conductivity in the presence of light.

Interesting conducting characteristics of a newly synthe-
sized Schiff base containing a hetero-dinuclear sodium(i)/
cobalt(mn) complex (16) was reported by Roy et al.®* X-ray single
crystal diffraction analyses revealed the presence of captivating
C-H---n(N3) contacts within the structural architecture. The
band-gap was found to be 2.85 eV. Encouraged by this finding,
the authors designed a specific kind of device to study the
conducting properties of the material by layering it as a thin
film between metallic Al and an ITO covered glass surface. The
I-V curve obtained for this device showed non-linearity. It was
reported that under irradiation of light the conductivity of the
configured device enhanced compare to that under dark con-
ditions. The measured value of conductivity of this device was
mentioned as 14.03 x 107> S m~" under the illumination of
light and 8.24 x 107> S m™ " in the dark. The outstanding
photosensitivity displayed by the device fabricated with this
dinuclear complex can be attributed to its greater conductivity
under the illumination of light. The double donor-acceptor
characteristics of the dinuclear complex may be attributed to
the above discussed observations. The electron rich portions
within the complex are the aromatic ring together with the
imine bonds; while the electron deficient portions are the metal
centres accompanied by the azide moiety. As stated by the
authors, on light illumination, a transfer of charge takes place
from the electron enriched portion to the electron deficient
portion within the molecule. The consequence of this is the
enhancement of the electrical conductivity under the irradia-
tion of light.

Captivating electrical properties of two nickel-containing
1D coordination polymers were reported by Ghorai and co-
workers.®® Both the coordination polymers were reported to
consist of Schiff base compounds as ligands. These coordination
polymers are designated here as [Ni(L*)(NCS),], (17) and [Ni(L%)-

Mater. Adv., 2023, 4, 5033-5049 | 5045
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Fig. 4 (a) A thermal ellipsoid plot of a hetero-binuclear unit of 15 drawn with 40% ellipsoidal probability; (b) conductivity of the ITO/15/Al configuration

under light-on and light-off conditions. Reproduced with permission from ref. 63. Copyright 2019 Royal Society of Chemistry.

(NCS),], (18) (where L* represents (E)-N-(pyridin-2-ylmethyl-
ene)quinolin-8-amine and L’ represents (E)-N-((6-methylpyridin-
2-yl)methylene)quinolin-8-amine). As revealed by the analyses
done with X-ray single crystal diffractometry, both the above
mentioned coordination polymers were found to be isostructural.
They are also observed to consist of thiocyanato moieties as zigzag
bridges. As reported by the authors, there also exist feeble inter-
chain interactions amongst sulphur atoms. To investigate the
conducting properties, devices were fabricated by layering both
the coordination polymers as a thin film in between aluminium
and a glass surface covered with indium tin oxide. It was observed
that both the devices exhibit enhancement in conductivity under
the irradiation of light compared to that in the dark. The values
of the conductivity obtained for the device configured with
[Ni(L*)(NCS),], were reported as 7.0 x 10> S m ' in dark
conditions and 3.5 x 10* S m~" under the irradiation of light.
Similarly, the conductivities for the device designed with
[Ni(L%)(NCS),], were recorded as 2.0 x 107> S m™ ' in the dark
and 4.9 x 107* S m™" in the presence of light. For both of the
devices, the obtained I-V plots exhibited rectifying non-linear
nature. The capacity of donation of m-electrons of the Schiff-
base moieties existing within the Ni(u) complexes may be the
reason behind the enhancement of conductivity in the case of
both the configured devices under the illumination of light. These
fascinating conducting properties may be tuned simply by insert-
ing or altering different substituent groups within the Schiff-base
moieties. As stated by the authors, the device configured with
[Ni(L°)(NCS),], exhibited increased conductivity under the illumi-
nation of light, which may be attributed to the existence of an
additional electron-donating methyl-substituent in L* (which is
missing in the case of L?).

A newly synthesized thiocyanate-containing copper complex,
[CuL®(NCS)] (19), was reported by Khan et al. (where HL®
represents 1-(((2-(diethylamino)ethylimino)ethyl)naphthalene-
2-01).°® This complex was found to contain a Schiff base ligand
having a naphthalene moiety. As reported by the authors the
calculated optical band gap of the material is 2.92 eV. This

5046 | Mater. Adv., 2023, 4, 5033-5049

finding provided an indication about the semiconducting
characteristics of the material. To investigate the electrical
property of the complex a device was configured by layering
the complex as a thin film in between metallic aluminium and
ITO covered glass surface. The I-V plots of this configured
device were found to display non-linear nature. It was reported
that under dark conditions, the conductivity of the device gets
reduced compare to that under the irradiation of light. The
values of conductivity of the device fabricated with [CuL®(NCS)]
were recorded as 21.29 x 10~* S m~" under the irradiation of
light and 6.49 x 10™* S m™" in the dark. The conductivity
measurements were carried out by implementing a bias voltage
of £2 V. To justify the experimental findings the authors
carried out theoretical analyses. The theoretical band gap was
obtained by DFT calculation, which matched well with the
experimentally obtained band gap suggesting the semiconduct-
ing nature of the material.

Recently, interesting conducting properties of two novel
cadmium-based complexes, [Cd,L”5(NO3),(1y,1-N3)o(CH;0H),]
(20) and {[Cd,L’(IPA)],-(CH;OH)}, (21), were reported by Ghosh
and co-workers (where H,L’ represents N,N’-bis(3-methoxy-
salicylidene)-diethylenetriamine and IPA represents isophthalic
acid).®” Both of these complexes contain Schiff base ligands as
constituents. As revealed by X-ray single crystal diffraction
analyses, [CdL’5(NO3),(py 1-N3)o(CH;OH),] displays a tetranuclear
structural architecture whereas {[Cd,L’(IPA)],-(CH;0H)},, is 1D
polymeric in nature. As stated by the authors, both of these two
complexes were utilized in the fabrication of a specific type of
device where the complexes were layered as a thin film in between
aluminium and an ITO covered glass surface. Both of these
devices were reported to show enhanced conductivity under the
irradiation of light compared to that in the dark. According to the
authors, these characteristics of the materials make them
potential candidates to be used for the fabrication of electrical
conductivity-based photo-switching devices. The conductivity of
the device configured with [Cd,L7,(NOs)y(ty1-N3),(CH;O0H),]
was measured as 13.1 x 10°° S em™' in the dark and

© 2023 The Author(s). Published by the Royal Society of Chemistry
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11.2 x 1077 S em™ " under the irradiation of light. Similarly, for
the device configured with {{Cd,L’(IPA)],-(CH;0H)},, the conduc-
tivity was recorded as 5.4 x 10" S ecm ' under dark conditions
and 13.5 x 10”7 S cm ™' in the presence of light.

Electrical properties of a newly prepared 2D cadmium-based
coordination polymer, {{Cd,(ppmh),(fum),(H,0),]-3H,0}, (22),
were discussed by Chandra et al. (where “H,fum” represents
fumaric acid and “ppmh” represents N-pyridin-2-yl-N'-pyridin-
4-ylmethylene-hydrazine).®® As disclosed by the characteriza-
tion through X-ray single crystal diffraction analyses, within the
structural architecture there exist fumarato bridging amongst
contiguous cadmium centres using bidentate coordination.
The optical band-gap of the material was measured as 3.29 eV.
This value indicated the probable semiconducting character-
istics of the coordination polymer. Computational analyses
carried out by the authors also justified this finding. To investi-
gate the electrical properties of the material, a device was
reported to be designed in such a way that the coordination
polymer is placed as a thin film in between metallic aluminium
and a glass surface covered with ITO. The I-V curves obtained
from this device showed non-linear character. It was reported
that the conductivity of the device got reduced in the dark
compared to that in light. The values of conductivity were
found to be 2.45 x 107* S m™" under the irradiation of light
and 0.87 x 107> S m™ " in the dark. The conductivity measure-
ments were performed on the implementation of a bias voltage
of £3 V.

Recently, interesting conducting properties of two newly
synthesized cadmium-based complexes were reported by Roy
et al. Both of these complexes contain Schiff base ligands as a
constituent unit. Among these two, one was trinuclear in nature
(23) and the other one (24) was a coordination polymer.®® The
structural features of these complexes were revealed by char-
acterization through X-ray single crystal diffraction analyses.
For the trinuclear complex, the band-gap was calculated as
3.43 eV and in the case of the coordination polymer it was
found to be 3.21 eV. These findings gave indications about the
semiconducting characteristics of the materials. To study the
electrical properties of the complexes, specific kinds of devices
were configured where the materials were layered as a thin film
in between aluminium and a glass surface covered with indium
tin oxide. The current-voltage plots of the devices displayed
rectifying non-linear character. The values of conductance of
the device configured with the trinuclear complex (23) were
measured as 1.81 x 10°* S m™" in dark conditions and 4.72 x
107" S m™" under the illumination of light. The values of
conductance of the device configured with the coordination
polymer (24) were recorded as 8.25 x 10°* S m~' under the
illumination of light and 3.89 x 10~* S m~" in dark conditions.
The conductivity measurements were carried out by imple-
menting a bias voltage successively within a range of £2 V.
As stated by the authors, in the cases of both these materials
the charge transportation largely occurs via space, which can be
explained by the hopping transport method. For the justifica-
tion of the experimental findings the authors carried out
theoretical calculations. DFT analysis helped to obtain a

© 2023 The Author(s). Published by the Royal Society of Chemistry

View Article Online

Review

theoretical band gap, which was in good agreement with the
experimental findings.

Paul et al. reported interesting electrical properties of a
newly synthesized two dimensional Zn(u)-based coordination
polymer, [Zn,(BDC),(QPR),(H,0)], (25) (where, H,BDC repre-
sents 1,4-benzenedicarboxylic acid and QPRrepresents
7-[(pyridin-4-ylmethylene)-amino]-chromen-2-one).”® Accord-
ing to the authors, this coordination polymer was apparently
the firstly reported coumarinyl-pyridyl molecular architec-
ture containing a terephthalate moiety as a linker. With
the help of the Tauc plot, the authors measured the optical
band-gap and it was reported as 2.91 eV. This result indicated
the semiconducting properties of the material. To investigate
the electrical properties of the coordination polymer a device
was designed by layering the material as a thin film in
between metallic aluminium and a glass surface covered
with ITO. The conductivity of the configured device was
measured as 8.07 x 10> S m "' in the dark and 9.26 x
107* S m " in the presence of light. This observation makes
the coordination polymer a capable candidate to be used in
the fabrication of electrical conductivity-based photo-
switching devices.

Recently, Debsharma et al. reported a newly synthesized two
dimensional zinc-based coordination polymer, containing a
tridentate Schiff base ligand. The coordination polymer was
designated as {[Zn(SIZ),]-DMF}, (26) (where HSIZ represents
(E)-N'-(thiophen-2-ylmethylene)isonicotinohydrazide and DMF
represents N,N-dimethylformamide).”" X-ray single crystal
diffraction analyses revealed the presence of - - -m interactions,
C-H---n interactions and H-bonding, which build up the
fascinating structural architecture of the complex. From the
Tauc plot, the direct and indirect optical band-gaps of the
polymeric material were evaluated as 2.91 eV and 2.80 eV,
respectively. To analyse the conducting properties of the mate-
rial, it was layered as a thin film in between Al and a glass
surface covered with indium tin oxide. This configured device
exhibited conductivity of 2.53 x 107° S m~" in dark conditions
whereas the conductivity was reported to be enhanced to 5.97 x
107" S m~ ' upon irradiation of light. The conductivity measure-
ments were carried out by implementing a bias voltage of £1 V.
These observations justified the probable application of this
coordination polymer in making electrical conductivity-based
photo-switching devices.

Recently, Majumdar and co-workers have reported interesting
electrical properties of a newly synthesized cadmium-based coordina-
tion polymer (27) containing Salen-type ligands.”* The optical band
gap was calculated as 3.54 eV, which indicated its semiconducting
nature. To investigate the electrical properties of this material, a
device was configured by layering this coordination polymer as a thin
film between ITO covered glass surface and metallic aluminium. This
configured device was found to exhibit enhanced conductivity under
illumination of light compared to that in the dark. The values of
conductivity were reported as 3.69 x 10°* S m™' in the dark and
10.68 x 10~* S m~" under the illumination light.

It has been observed that the coordination interaction of
organic ligands with different kinds of metal ions as well as
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metal clusters, occasionally, results in the enhancement of
the charge carrier mobility, which consequently increases the
electrical conductivity of the material. Nonetheless, this
cannot be considered as a general phenomenon; actually
the mechanistic route related with the electronic movement
plays a pivotal role in determining the conductivity of the
material. As discussed previously, secondary interaction
together with structural features are considered as important
aspects for electrical conductivity. In many instances, it has
been observed that under light irradiation tiny changes in
bond angles or in dihedral angles occur within the structural
architecture of the molecules, which affects the charge trans-
port capabilities of the materials. These eventually result in
an enhancement in conductivity. For polyheteronuclear com-
plexes, the transportation of charge can be influenced by the
nature of the binding of the metal centres as well as the
inhomogeneities present within the structure; nonetheless,
rigorous research should be done to get into the details
behind the mechanism of charge transportation for this type
of complex.

Although this is not a general observation, but usually it can
be observed that the devices fabricated with either one dimen-
sional or two dimensional coordination polymers are found to
exhibit greater conductivity in both illuminated conditions and
in the dark. More detailed and rigorous research in this field
would definitely help in determining the specific pattern of the
effect of dimensionality of materials on the conductivity of the
configured devices.

Conclusion

This article basically presents a summary related to the recent
advancement in the area of research where Schiff base-
containing metal complexes have been applied in the fabrica-
tion of electrical conductivity-based photosensitive switching
devices. To date only a handful of research articles have been
published related to this specific research area. In this era of
energy crisis, the development of energy efficient sun light-
dependent photo-switching devices is a genuine requirement.
Therefore, the fabrication of electrical conductivity-based
photo-switching devices using less expensive as well as easily
synthesizable Schiff base-containing metal complexes can be
considered as exceedingly significant as well as a requirement
for contemporary research. In consideration of the need of
civilization, crucial discussion on the development of different
kinds of photo-switching device is really relevant. Since the
synthesis process of Schiff base molecules is straightforward
and cost efficient, the preparation of Schiff base-containing
metal complexes can also be considered as simple and less
expensive. For this reason, the large scale production of Schiff
base-containing metal complexes and their industrial imple-
mentation in the fabrication of photo-switching devices are
highly appreciable. It is noteworthy that this overview should
benefit researchers in the fields of chemistry, physics and
material science.
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