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This paper describes a unique method that uses Iron (phen)
molecule [phen: 1,10-phenanthroline] placed on a glass substrate to
create a photodetector (PD) that is sensitive to visible light as a
structural, morphological, and optical heterostructure device. The
properties of the samples were investigated using techniques such as X-
ray diffraction (XRD), energy dispersive X-ray spectra (EDX), field
emission scanning electron microscopy (FESEM), and UV-Vis
spectrophotometry. The photosensitivity of the /ron (phen) /glass PD
was evaluated at different bias voltages (5, 10, 15, and 20 V) at
wavelength of 510 nm. The photosensitivity values were found to be
58.45, 76.82, 84.9, and 87.83, indicating the PD's ability to generate a
measurable electrical response to light stimuli in the visible range.
Furthermore, the response and recovery times of the /ron (phen) PD
were assessed when exposed to pulsed visible light at a wavelength of
510 nm and bias voltages of 5, 10, 15 and 20 V. The results indicated
favorable response and recovery times, suggesting the PD's capability to
quickly detect and recover from changes in light intensity. At a bias
voltage of 20 V and under illumination with visible light at 510 nm, the
Iron (phen) PD demonstrated a maximum current gain of 9.22 and a
quantum efficiency (1) of 28.17. These values indicate the PD's ability
to amplify the generated electrical current and efficiently convert
incident photons into detectable electrical signals. Overall, the
fabricated /ron (phen) glass PD exhibited promising photosensitivity,
response and recovery times, current gain, and quantum efficiency when
exposed to visible light. The findings suggest the potential application

of /ron (phen) as a material for visible light photodetection.
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(phen) can undergo various relaxation

[ron(phen)(SCN) also known as
(1,20 phenanthroline) (thiocyanato)
iron (1), is a coordination compound
that has garnered attention for its
photodetection properties within the
visible light range. This compound
exhibits a high capacity for absorbing
visible light, rendering it suitability for
photodetector applications operating in
this spectral region[1]. Visible light
encompasses  wavelengths  ranging
from approximately 400 to 700
nanometers, corresponding to different
colors in the electromagnetic spectrum.
The Iron (phen) possesses the ability to
absorb visible light due to the presence
of phen ligands, which act as
chromophores[2]. When Iron (phen)
absorbs  visible light, electronic
transitions occur within the molecule,
causing it to transit from its ground
state to an excited state[3]. Upon
absorption of visible light, the /ron

mechanisms. One possible outcome is
the emission of fluorescence, whereby
the molecule releases the absorbed
energy in the form of light at longer
wavelengths[4]. The fluorescence
emission  characteristics of [ron
(phen) are reliant upon factors such as
molecular  structure,  surrounding
environment, and energy levels of the
excited states. Furthermore, /ron
(phen) can undergo nonradiative
relaxation  processes, Wwhere the
absorbed energy dissipates as heat
within the molecule[5]. This heat
generation can be improved in specific
applications like photothermal therapy
or heat-assisted catalysis[6].

In the context of photodetection,
the Iron (phen) can be integrated into
a photodetector device to convert
absorbed visible light into an electrical
signal. When it absorbs visible light,
charge separation occurs, leading to
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the creation of an electron and a
corresponding positive charge (hole)
within the molecule[7]. These charges
can be separated and collected by
appropriate electrode systems,
generating an electrical current or
voltage that indicates the presence of
visible light[8]. The performance of
Iron (phen) -based photodetectors
within the visible light range depends
on several factors, including absorption
efficiency, charge carrier mobility,
response time, and device
architecture[9]. Researchers have been
exploring strategies to optimize these
properties through molecular
engineering, interface engineering, and
device optimization. /lron (phen)-
based photodetectors within the visible
light range hold potential applications
in areas such as optical
communication, imaging, light
sensing, and optoelectronic devices.
Their tunable absorption properties,
high sensitivity, and compatibility with
existing fabrication techniques make
them attractive for integration into
various photonic and electronic
systems[10]. It is important to note that
the specific performance
characteristics and efficiency of /ron
(phen) -based photodetectors in the
visible light range may vary depending
on factors such as device design, film
morphology, and  environmental
conditions. Therefore, experimental
characterization and optimization are
crucial for achieving the desired
photodetection performance within the
visible light region[11].

The present paper comes up with
the discoveries in the Fabrication of
Iron (phen) for the applications of

photodetection. It probes into the
visible light area, uses nanostructured
elements, studies the influence of the
stimuli, and creates a flexible device
architecture.  The inclusions  of
emerging and new factors set the
research apart from the recently
developed and old research, bringing
the modern and successful /ron
(phen) -based photodetectors.

2. Experimental part

2.1 Preparation of bis
(phenanthroline) dithiocyanato iron
(I1) Fe(Phen),(SCN),

A solution (0.468 g, 2 Milli-mole) of
1,10-phenanthrolinium  hydrochloride
monohydrate, in 20 ml of distilled
water was added drop by drop to an
aqueous solution of (0.278 g, 1 Milli-
mole), ferrous sulfate heptahydrate, in
15 ml of distilled water with gentle
stirring. The mixture was stirred at
room temperature for 3 hours. Then, a
solution 0.152 g, 2 Milli-mole) of
ammonium thiocyanate, NH;,SCN, was
added. The reaction mixture was
stirred to 3 hours to obtain a dark red
color participate which then collected
by filtration. The crude solid was
washed several times with distilled
with water and ethanol to obtaine red
crystals of bis (phenanthroline)
dithiocyanato iron ) Iron
(phen)(SCN) in 89% vyield.

2.2 Layer of thin films of
phenanthroline molecular using
spin-coating:

1- Iron (phen) was dissolved in
ethanol to make a concentration
of 0.1-1.0 mM.
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2- The substrate was cleaned
using ultrasonication for 10
min, Acetone, Ethanol, and N,
gun.

3- The solution was dropped onto
the substrate, during rotation at
2000-4000 rpm for 30-60 s.

The samples were dried under vacuum
for 1-2 h to evaporate the solvent and
to form a uniform thin film[12].

3 Results and discussion

3.1 Crystal structure analysis

XRD phase formation
investigation was performed using an
XPERT-PRO X-ray diffractometer
with Cu-Ka radiation (A = 1.54 A) over
the range 20 ~ 10- 80° with a step size
of 0.02°. The results of X-ray
diffraction of iron (phen) were shown
the crystal structure revealed by XRD
of the SCO sample at room
temperature. Phase, crystalline
structure, and crystallite size were
identified for a thin film form of the
sample.

In Figure 1(a,b), the X-ray
diffraction (XRD) pattern and surface
morphology images of the thin film
made of /ron (phen) are presented.
The XRD spectrum, specifically
represented in Table 1, the average
crystallite size determined by XRD is
33.16 nm. The diffraction peaks
positions (20°) associated with the
XRD pattern are presented in (Table
1).

3.2 Surface morphology

The surface morphology of Iron
(phen) was examined using FESEM
images.  Additionally, the EDX

spectrum analysis revealed peaks
corresponding to elements such as Al,
Fe, C, and N. The presence of Al can
be attributed to the glass substrate used
in the study.

Surface morphology and
topography are significant
characteristics of molecular materials,
ranging from the nano- to the
macroscale. These properties are
influenced by the chemical
nature/structure and production
processes of the materials. The surface
morphology of molecular materials
plays a crucial role in determining their
final surface properties, including
wettability (refers to the ability of a
liquid to spread over or make contact
with a solid surface) and adhesiveness,
which effect the light absorption and
scattering. From the SEM image, it is
clearly observed that the /ron (phen)
thin film sample shows rough surface
with aggregation of large number of
globules that amassed over the
gathered particle surfaces forming
irregular grains mostly in the range of
mesoscopic (refers to an intermediate
size scale between the microscopic
(atomic or molecular) and macroscopic
(visible to the naked eye) scales)
length scale. The irregular shape of the
constituents might be resulted from the
different mechanisms lead to (the
irregular shape of the constituents in
the Iron (phen) thin film sample may
be a result of different mechanisms
that cause the agglomeration of smaller
particles. These mechanisms can be
influenced by surface energies and
chemical composition, which are
common in organic compounds)
agglomerations of smaller particle-like
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caused by surface energies and
chemical composition on the surface of
these components of the thin film
sample which is common in many
organic compounds.

EDX investigation was performed
to confirm the presence of Iron (Fe),
Carbon (C), Nitrogen (N), and Oxygen
(O), to look at the binding energies,
chemical composition of the thin film
structures. The acquired EDX grouping
of nanoparticles is outlined in Figure
1c which demonstrate the
characteristic ~ signals  for  the
components of Fe, C, N, and O. In
common, the weight rates Fe, C, N,
and O were determined from EDS for
the three structures. The peaks at
binding energies of 0.5, 6.45, and 7.1
keV correspond to FeLa, FeKoa, and
FeKp, respectively, while the value of
approximately 0.4 and 0.2 KkeV
corresponds to the binding energies of
oxygen (O-Ka) and (C-Ko). This
finding confirms that the prepared
sample structure consisted of Fe, C, N,
and native oxides with small amount of
reaction residuals or impurities.

3.3 Optical properties

Figure 2(a and b) illustrates the
absorption and transmission spectra of
a thin film composed of Iron (phen).
The film's absorption  spectrum
displays a pronounced and intense
absorbance in the ultraviolet (UV)
region, specifically  within  the
wavelength range of 300 to 900 nm. In
turn, the transparency of the optical
transmission in a visible range of the
spectrum of the film is relatively high.
The primary cause of the film's
absorption can be attributed to

permitted direct transitions, which are
described by the widely recognized
relationship[13] [14]:

ahv = A, (hv — Eg)Y/? ... (1)

where o represents the absorption
coefficient, hv denotes the incident
photon energy, Eg signifies the energy
bandgap, and A o is a characteristic
parameter that remains constant for the
respective transitions, regardless of the
photon energy. By plotting (ohv)?
against hv, as depicted in Figure 2(c),
the value of Eg was determined to be
3.2 eV (an imaging sensor with a large
energy gap is an  optimal
Photosensitizer as it tends to result in
efficient light absorption with minimal
energy losses, enhanced photostability,
and selective excitation.). Notably, this
value closely aligns with previously
reported findings[15][16].

3.4. Photodetector characteristics

Current-voltage (1-V) and
photoresponse properties were
measured by Keithley-2430 source
meter and  Fluke-8808 @ DMM
respectively, connected to PC for data
analysis using Visible wavelength of
510 nm illumination.

Figure 3(a) exhibits the current-
voltage (I-V) characteristics of the Iron
(phen) photodetector (PD) in two
conditions: in the dark and under
visible illumination at a wavelength of
510 nm and intensity of 33 uW/cm?
The curve demonstrates ohmic
behavior, suggesting a favorable
contact between the Iron (phen)
material and the electrodes. To explore
the impact of bias voltage on the
photocurrent behavior (I,,) of the Iron
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(phen) PD, the relationship between
L, and interval time (I —t) was
depicted in Figure 3(b) at different
voltages under alternating ON/OFF
visible light illumination at 510 nm. It
is evident that increasing the bias
voltage leads to higher photocurrent
values, which can be attributed to an
increase in carrier diffusion velocity
(v). The carrier’s mobility and
electrode separation I, this velocity is a
product of bias voltage V and given as
(v=pV/D[17]. Additionally, the
carrier's transit time (T;) decreases
with increasing bias voltage (e.g.,
T=IluV) [17]. The levels of dark
current (Idark) and photocurrent (Iph)
remain stable without deviation, even
after multiple cycles. Figures 3(c), (d),
(e), and (f) illustrate the (I — t) curves
at bias voltages of 5 V, 10 V, 15V,
and 20 V, respectively, under various
ON/OFF visible light illuminations
(510 nm, 33 puW/cm?). It could be
noted that, after several cycles, the
value of the peak photocurrent remains
stable at all bias voltages, thus,
indicating good stability and high
reproducibility in the flexible PD. The
photosensitivity ~ S,,  was  then
calculated using the following
relationship [18][19]:

I,p—1
Spn(%) = (%) x 100 ...... 2)

Quantum efficiency n following
relation is [20]:

_ [lonhw
(%) = [ . pin] X100 .......... 3)
where Pin represents the incident
power, h is the Planck constant, g is
the electric charge, and v is the

frequency of the incident light. The

values of (I,s), (I4u ) Spn, @nd gain
were calculated based on Figures 3(d-
g) and equations (2) and (3), and are
listed in Table 2. At bias voltages of 5,
10, 15, and 20 V, the photosensitivity
values for visible light (510 nm) were
found to be 58.45, 76.82, 84.9, and
87.83, respectively. Notably,
increasing the bias voltage resulted in
higher S,, values for the visible
wavelength[21].

The PD exhibited a maximum
current gain of 87.83 (by using the
Scherrer equation: This T = (K*A)/(
B *Cos(0)) where 7 is the particle
size) under visible light at 510 nm and
a bias voltage of 20 V, as determined
from the (I —t) characteristics. The
quantum efficiency (n), listed in Table
2, also increased with increasing bias
voltage and reached a maximum value
of 28.17 under visible illumination at
510 nm and a bias voltage of 20 V.
This maximum value was achieved due
to the higher photocurrent observed at
20 V compared to 5, 10, and 15 V.
The response time (tz..) and recovery
time (trec) Were calculated based on
Figures 3(c-f). For visible light at 510
nm, the PD exhibited a response time
of 24, 22.77, 22.73, and 14.5 seconds,
and a recovery time of 45, 38.3, 41.8,
and 34.5 seconds at bias voltages of 5,
10, 15, and 20 V, respectively (as
shown in Table 2).

The superior optical sensitivity
and quantum efficiency in the near-
visible region are what advances the
practical applications that require the
detection of visible wavelengths. The
more significant intensity of ultraviolet
radiation absorption may relate to the

109



JOURNAL OF KUFA-PHYSICS | Vol. 16, No. 1 (2024)

Hayder Fahim, Hashim Jabbar, Adil A. Al-Fregi

molecular structure and electronic
features of the same as they are in
close harmony with the ultraviolet
photons' energy level.
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(SCN), sample.

3

Fe(phen),(SCN),
a
<,
[3)
c
©
2
o
%)
Q
< ]
T T T
400 600 800

Wavelength(a) (nm)

@
=3
1

Transmittance (T)

Fe(phen),(SCN),

4(‘]0 6!‘)0
Wavelength(a) (nm)

800

110



JOURNAL OF KUFA-PHYSICS | Vol. 16, No. 1 (2024) Hayder Fahim, Hashim Jabbar,
Adil A. Al-Fregi

c Fe(phen),(SCN),

N
<
<
< -
£ 10
(&]
>
2
N
=
>
=
8

0

Energy (eV)

Figure 2: Shows (a) absorbance, (b) transmittance spectrum and (c) Energy gap of the
Fe(phen),(SCN), thin film.
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Figure 3: Show (a) 1-V characteristics in the dark and under visible illumination, (b) Photo-
current response spectra at 510 nm wavelength at different bias voltage; and (c), (d), (e) and (f) Photo
current response spectra at 510 nm wavelengths at 5 V, 10 V, 15, and 20 V respectively, of the
Fe(phen),(SCN), photodetector.
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Table 1: Selection of Bragg peaks extracted from X-ray diffractograms.

Complex Average crystallite | The diffraction peak position (20°)
thin film size (XRD) (nm)
Fe(phen),(SCN), 33.16 11.02, 17.55, 19.22, 21.40, 22.10, 23.82, 25.53,
38.83

Table 2: Show the photo response parameters exposure to visible wavelength

of the Fe(phen),(SCN), photo-detector.

5 510 24 45 0.2 3.4 | 58.45 3.55
10 510 22.77 38.3 0.61 5.31 | 76.82 10.63
15 510 22.73 41.8 11 7.62 | 84.9 19.03
20 510 14.5 34.5 1.63 9.22 | 87.83 28.17
4. Conclusion structure. Overall, this study presents a
A flexible photodetector promising approach to developing

utilizing /ron (phen) material was
successfully manufactured on a glass
substrate. The experimental findings
demonstrated excellent characteristics,
including long-term stability, high
sensitivity ~ (87.83%),  quantitative
efficiency fairly acceptable (28.17%),
and a substantial photocurrent response
to 510 nm light. When a bias voltage
of 20 V was applied, the photodetector
exhibited a response time of 14.5
seconds and a quick recovery time of
34.5 seconds upon exposure to 510 nm
light. These impressive results can be
attributed to the material’s
advantageous properties, such as the
spin crossover of /[ron (phen)
molecule and a well-formed crystal

flexible photodetectors with
exceptional performance capabilities.

There is no comparison with other
research  because the  prepared
compound is new and was prepared as
a photodetector for the first time.
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