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Investigating visible range photoresponse of organic single-crystal 
of green fluorescent protein analogue 
Vishal Virole,a,b Niteen Dabke,a,b Sahil Verma,b,c Ajay Kumar,a,b Rinu Pandya,a,b Sudhir Husale,b,c    

Kumar Vanka,a,b Rajesh Gonnade,a,b and Rajesh Kanawade*a,b

The growing demand for lightweight, flexible, semi-transparent and low-cost photodetectors (PDs) in wearable electronics 
and optical communication systems has promoted studies to investigate organic materials as feasible alternatives to 
conventional inorganic PDs. However, modern organic PDs often demonstrate responsivity, detectivity, and photoresponse 
speed limitations, particularly in the visible range. Here, we present the photoresponse of the organic single-crystal analogue 
of the Green Fluorescent Protein (GFP) chromophore photodetector, fabricated on a silicon nitride substrate. A significant 
increase in photocurrent was detected upon illumination with visible wavelengths (532 nm, 630 nm, and Halogen light). A 
remarkably consistent and repeatable photoresponse was obtained during the On and OFF illumination cycles. A device 
showed the dependence of photocurrent on the applied bias voltages. The measured photocurrent, responsivity, detectivity, 
rise times & decay times, noise equivalent power and external quantum efficiency are studied for different wavelengths. 
Strikingly, the fabricated device demonstrates excellent performance in the visible region compared to several conventional 
organic and inorganic PDs. The observed responsivity and detectivity values for the device are 98 mA/W and 7.94 x 108 Jones 
respectively. Furthermore, the device also exhibits rapid photoresponse dynamics with a rise time of 180 ms and a decay 
time of 152 ms. The excellent photodetection features indicates that the single crystal GFP could serve as a versatile 
broadband material for future applications in optoelectronics.  

1. Introduction
Photodetectors (PDs) are the devices that convert optical signals into 
electrical outputs, are essential components across various 
applications, including imaging1, medical diagnostics2, distance 
measuring3, optical signal communications4, etc. Currently, inorganic 
materials such as silicon (Si), germanium (Ge), indium gallium 
arsenide (InGaAs), and compounds such as III-V semiconductors 
dominate the commercial PD market.5 These materials are well-
known for their high sensitivity, charge-carrier mobility, stability, and 
rapid response times.6-8 Furthermore, inorganic photodetectors 
(IPDs) exhibit excellent integration with existing electronics systems, 
ensuring their suitability for compact minuscule photodetectors and 
other specialized  devices. However, the practical applications of 
commercial inorganic photodetectors is constrained by several 
drawbacks, including complex and expensive manufacturing 
processes and mechanical inflexibility, especially in terms of demand 
for large, flexible and affordable devices. They are inherently rigid 
and fragile, expensive, requires complex processing, and necessitate 
a low-temperature cooling system during operation.9 

To overcome the challenges, organic photodetectors (OPDs) have 

gained significant attention in the last 20 years due to their inherent 
advantages, such as low fabrication costs, light weight properties, 
material tunable properties, semi-transparency, solution 
processibility, and mechanical flexibility, which effectively offsets the 
limitations of conventional inorganic photodetectors.10-12 They also 
possess superior photoelectrical properties due to their large 
absorption coefficient than that of inorganic materials. Organic 
materials, unlike their inorganic counterparts, are processable at low 
temperatures and their direct fabrication onto soft flexible 
substrates is easy. They also possess superior photoelectrical 
properties due to their large absorption coefficient.13-15 Due to their 
well ordered molecular packing, absence of any grain boundaries and 
reduced trap density, organic crystalline materials are being  
increasingly used in photodetection and wearable electronic 
devices.16 Photodetectors with a significant performance in 
ultraviolet-visible (UV-Vis) to near-infrared (NIR) region have 
immense potential in various applications, such as in medical 
diagnostics, imaging, night time monitoring, quality control check, 
and visual recognition system.17-22 Hence, organic materials because 
of their promising properties are attractive candidates for broadband 
flexible devices. 

Furthermore, novel broadband OPDs with that are sensitive to 
UV,-Vis, and NIR wavelengths have been introduced as well. For 
example, PM6:BTP-eC9 OPD system operating in UV-Vis-NIR region 
is demonstrated using a cost-effective processing strategy with high 
performance.23 Qi et al. demonstrated  the application of PSeTPTI  as 
a donor material in phototransistor (PT) OPDs with high-
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performance, and thermal stability. This material showed a wide 
absorption spectrum spanning from the UV to the visible range and 
could prolong the response time due to the presence of electron 
traps.24 Also, in flexible devices, demonstration of CuPc/PC60BM on 
flexible PET substrates and 10 mm2 of active area highlights its 
improved responsivity in the visible spectrum.25 Furthermore, 
organic single crystals of pentacene demonstrated remarkable 
performance in the visible region (532 nm and 658 nm).16 Despite 
their potential, only a few research efforts have focused on high-
performance OPDs based on organic single crystals. As However, 
extensive efforts are being made to improve the electrical 
performance of OSCs. 

Hence our aim in this study is to explore the organic crystalline 
materials with significant photoelectrical properties and flexibility 
and holds potential to be used in next generation wearable devices. 
Here, we report a single crystal analogue of the green fluorescent 
protein (GFP), for visible range photodetection.  GFP exhibits strong 
light absorption properties, outstanding charge transport properties 
and is mechanically flexible. While other GFP chromophore 
analogues have shown promise in optoelectronic applications, most 
research has been centred around their photoluminescent 
functionalities, particularly in areas such as security tags, bioimaging 
and biosensing devices.26-28 In our previous study, we have explored 
this material for optical waveguiding capabilities and potential 
applications in fluorescent inks.26 Despite its excellent optical 
properties, GFP single crystal-based photodetectors are not been 
reported yet. Furthermore, GFP analogues can be a promising 
candidate for photodetector applications due to their bandgap of 
around 2.8 eV, inherent ability to efficiently generate electron-hole 
pairs upon light absorption, and good charge separation properties. 
Hence, the effort of this study is to investigate GFP single crystal 
analogue for photoresponse measurements.

In this study, we evaluated the photocurrent response of the GFP 
single crystal under varying applied bias voltages and using three 
distinct light sources to thoroughly examine its performance across 
different illumination conditions. The resulting photodetector 
exhibits a remarkable photo response, with high responsivity and 
detectivity values when exposed to a 532 nm, 630 nm laser and 
Halogen light source, indicating its excellent potential for visible-
range photodetection applications. The device demonstrates 
excellent photodetection performance with fast response speeds 
(rise and decay times), comparable responsivity (R), detectivity (D), 
high external quantum efficiency (EQE) and improved noise 
equivalent power (NEP). A proportional investigation including the 
optical analysis using UV-visible (UV-Vis) and photoluminescence (PL) 
spectroscopy, High-resolution transmission electron microscopy 
(HR-TEM) and time dependent density functional theory calculations 
were performed. The results imply that the synthesized high-quality 
crystals shows great technological potential for the development of 
next generation efficient and sensitive photodetectors in the visible 
range.

2. Materials and Methods

2.1. Synthesis

A GFP chromophore analogue was prepared according to a 
previously reported method. The synthesis involved multiple 
steps, starting with the condensation of an aromatic aldehyde 
with a primary amine to form a Schiff base.26, 29 This Schiff base 
then reacted with an imidate intermediate in a (2+3) 
cycloaddition reaction, yielding the GFP chromophore 
analogue, A. Crystallizing compound A with Toluene resulted in 
the formation of plate-like crystals, designated as Form A1. 

2.2. Material characterizations

Absorption spectra and photoluminescence of the Form A1 
crystal were measured  using UV– Vis spectrophotometer 
(model UV 3092, Labindia) and fluorescence spectrometer 
(Edinburgh Instruments, Model FS5 spectrofluorometer), 
respectively. High-resolution transmission electron microscopy 
(HRTEM) images obtained with JEOL JEM F-200 instrument, 
operating at 200 kV. The CSI Nano-Observer AFM instrument 
was utilized to measure the topography. Kelvin probe force 
microscopy (KPFM) was used to measure work function of the 
sample which works by measuring the contact potential 
difference (CPD) between a conductive AFM tip and the sample 
surface, analyzing long-range electrostatic forces generated by 
the probe-sample interactions30. The Pt/Ir coated calibrated 
KPFM tip with work function (Φ) value of 4.85 eV was utilized 
for the surface potential measurements.  Furthermore, the 
crystal was analysed using the Density functional theory (DFT) 
and time-dependent density functional theory (TD-DFT) 
calculations performed with the Gaussian 09 software package. 
The B97D331 functional, incorporating Grimme's D332 dispersion 
correction, was employed at 6-311G(d,p)33 basis set level to 
evaluate the HOMO–LUMO gap and to gain insights into the UV-
Vis absorption spectra.

Fig.  1 Schematic diagram of the growth of a Form A1 single-crystal.
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2.3. Experimental setup for photocurrent analysis

The photodetector device was fabricated using a single-crystal 
of A1 GFP, which was carefully positioned on a silicon nitride 
substrate. The crystal was aligned on the substrate to achieve 
optimal contact and effective interaction with the incident light. 
Silver (Ag) paste was carefully applied to form source and drain 
contacts on the crystal to establish electrical connections. The 
silver paste was chosen for its excellent conductivity and ease 
of application, enabling low-resistance electrical pathways34. 
The contacts were manually placed using a precision tip to 
ensure minimal damage to the crystal surface and uniform 
distribution of the paste, thereby enhancing charge injection 
and minimizing contact-related losses. The photocurrent 
measurements of the crystal was  evaluated in a probe station 
(EPS150TRIAX, Cascade Microtech). A Keithley 2634B source 
meter was employed to measure the electrical response, 
including I-V curves and time dependent photocurrent. The 
device was illuminated with two available laser sources at 532 

nm (486 mW/cm2) and 632 nm(78 mW/cm2) and a broadband 
Halogen lamp for photocurrent measurements. The effective 
illumination area of the crystal was approximately 36 μm², and 
the light was directed onto the active region to ensure uniform 
exposure. The power density of all light sources was calibrated 
and maintained at a constant level throughout the experiments 
to ensure reproducibility and allow for direct comparison of the 
device performance under different illumination conditions. 
The time-dependent photocurrent measurements of the device 
was recorded at several applied bias voltages, ranging from ±2V, 
±5V, ±7.5V, ±10V, ±15V, and ±20V. This was done to evaluate 
the device's responsivity under various operating conditions. 
The dynamic response of the photodetector was measured 
under ON/OFF light cycles after every five seconds interval of 
time to assess its stability, rise time, and decay time at each bias 
voltage.

3. Results and Discussion

Fig.  3 (a) The Form A1 absorption and photoemission spectra, (b and c) HRTEM image of the crystal (inset shows SAED pattern), (d) AFM micrograph of the crystal; 
inset illustrates the height profile indicated by the white dashed line, (e) Surface potential map obtained by KPFM. 

Fig.  2 (a) Experimental setup, MPS150 Cascade Microtech EPS150TRIAX probe station. Inset shows the optical image of crystal (b) Schematics of the photocurrent measurement. 
(c) Form A1 crystal I-V curves for 532 nm, 630 nm, Halogen and in dark.
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3.1. Characterization and measurements

Photoluminescence (PL) and absorption properties were 
studied for the optical characterisation studies. Fig. 3(a) shows 
the absorption and emission spectra of the crystal at ambient 
temperature within the wavelength range of 300-700 nm. The 
analysis revealed an absorption maximum at 400 nm and an 
emission peak at 449 nm, which corresponds to the crystal's 
characteristic blue emission. The optical bandgap of the 
material was calculated using the Tauc relation, yielding a value 
of 2.84 eV. This value closely matches the theoretical values 
predicted by DFT calculations. This consistency between 
experimental and computational results emphasizes the 
material's optical properties and applicability for visible-range 
photodetection applications.

HRTEM of Form A1 crystal was performed. Fig. 3(b and c) 
revealed well-defined lattice fringes, indicating a high degree of 
crystallinity, essential for charge transport and optoelectronic 
applications35. The lattice fringes observed in the HRTEM 
micrographs correspond to an interplanar spacing of 
approximately 0.29 nm which represents the (021) plane. The 
selected area electron diffraction (SAED) pattern represents the 

single crystalline nature of the material.
Atomic Force microscope (AFM) in tapping mode was 

employed over a 10 x 10 µm2 area to characterize the surface 
morphology shown in Fig 3(d). The inset shows the height 
profile indicating the relatively smooth and uniform surface 
profile which is crucial for reliable photodetector performance. 

To further characterize the electrical properties of the crystal, 
we performed KPFM measurements, an electrical mode of AFM, 
allows for the determination of work function, surface potential 
and charge distribution.36 Fig. 3(e) portrays the surface mapping 
of the crystal over 10 x 10 µm2 area. The CPD between the tip 
and the sample is expressed as37:

                                          𝐶𝑃𝐷 = 𝛷𝑡𝑖𝑝 𝛷𝑠𝑎𝑚𝑝𝑙𝑒

𝑒 ,                                   (1)

Where Φtip and Φsample represents the work functions of the tip 
and sample, respectively. In Fig. 3e, CPD between tip and 
sample can be seen clearly. Thus, the material's work function 
evaluated as 5.25eV by using the equations 2 and 3. 

                             ∅𝑠𝑎𝑚𝑝𝑙𝑒 ― ∅𝑡𝑖𝑝 ≈ 0.4𝑒𝑉,                                      (2)

Fig.  4 Time dependent photocurrent measurements for various applied bias voltages. Photoresponse to (a) 532nm, (b) Halogen and (c) 630nm sources respectively.

Fig.  5 Photocurrent analysis in response to illumination with Halogen lamp, 532 nm laser, and 630 nm laser fixed at -2V, -5V, -7.5V, -10V, -15V, and -20V, respectively.
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                                   ∅𝑠𝑎𝑚𝑝𝑙𝑒 ≈ 5.25𝑒𝑉,                                                (3)

3.2. Time-dependent photocurrent analysis

Fig. 4 depicts the time-dependent photocurrent response of the 
Form A1 GFP single crystal photodetector under six different 
bias voltages and illuminated by three different light sources, 
with ‘ON’ indicates the light exposure. The photocurrent Iph was 
estimated using the relation Iph = Ilight - Idark, where Ilight and Idark 
are the currents measured when the lights were turned ON and 
OFF, respectively. The photocurrent exhibited a clear 
dependence on the applied bias voltage, indicating enhanced 
separation and drift of photogenerated carriers, with the 
maximum photocurrent observed at -20V for all light sources. 
Specifically, the 532 nm laser at 486mW/cm2 shows the highest 
response, with the photocurrent increasing from 0.008 µA at -
2V to 1.73 µA at -20V. Also, a maximum photocurrent of 0.06 
µA for 630 nm at (78 mW/cm2) and 1.0 µA for the Halogen lamp 
is observed. This indicates the material’s optimal sensitivity is in 
the visible spectrum. The device also demonstrated excellent 
photocurrent stability across multiple ON/OFF cycles, showing 
consistent and repeatable behaviour under all light sources, 
emphasizing the material’s robustness and reliability. 

For comparative analysis of the photoresponse to different 
light sources, we plotted the time-dependent photocurrent 
curves for various voltages, as shown in Fig. 5. This highlights 
the photodetector’s wavelength selective sensitivity and 
performance consistency under varying illumination sources 
and bias conditions. Furthermore, the device maintained 
excellent photocurrent stability across all light sources, with 
negligible fluctuation in current during repeated ON/OFF cycles, 
indicating reliable performance under various illumination 
sources. 
Table 1. Transient photocurrent response of Form A1 GFP single 
crystal

3.3.  Performance parameters of a photodetector

The performance of a photodetector device was evaluated 
based on different figures of merit. To examine the device’s 
photoresponse, it is essential to evaluate some of the important 
parameters which includes responsivity, detectivity, rise time, 

decay time, noise equivalent power and external quantum 
efficiency. 

Responsivity, refers to the ratio of output photocurrent to the 
power of incident light at a given wavelength, provides a direct 
measure of the device’s efficiency in converting light into optical 
signals38, 39 In this study, the responsivity of the A1 GFP 
photodetector was found to rise significantly upon applied bias 
voltage, reaching a maximum of 98.89 mA/W at -20V under 532 
nm illumination. This enhanced responsivity at higher bias 
voltages can be attributed to the increased separation and 
mobility of photogenerated carriers, leading to stronger 
photocurrent.40 This shows the superior performance of the 
device in the visible spectrum. This characteristic is crucial for 
imaging or optical communication applications, where precise 
light detection in specific wavelengths is needed. 

Detectivity, expressed in cm Hz1/2 W-1 or Jones, measures the 
photodetector’s sensitivity to weak optical signals.41 It 
considers both the responsivity and noise in the system, which 
provides a more comprehensive measure of performance. Our 
photodetector exhibits a maximum detectivity of 7.94 × 108 
Jones at 532 nm under -20 V bias, making it highly competitive 
with conventional organic photodetectors. The high detectivity 
is associated with low dark current and efficient charge 
transport within the A1 GFP crystal structure.12 This minimizes 
thermal noise and improves the signal-to-noise ratio, enabling 
the device to detect faint light signals precisely. 
These responsivity and detectivity parameters can be calculated 
using equations 4 and 5. 

                                            𝑅 =   Iph

Pd ×A ,                                                      (4)

                                              D = Rph A

2eId
 ,                                               (5)

where, A is the active area, Pd is the power flux density, and e is 
the charge of an electron. 

This indicates that the responsivity is a function of both the 
effective area and the laser power. Fig. 6 (a and b) shows the 
responsivity and detectivity response of the device at various 
applied  voltages and in response to both laser wavelengths. 
Higher bias voltages resulted in increased responsivity for all 

Laser Wavelength
(nm)

Bias Voltage (V) Responsivity 
(mA W-1)

Detectivity 
(Jones)

Rise time
(ms)

Decay time
(ms)

EQE
(%)

NEP
WHz-1/2

532 -2 6.94 2.09 × 108 279 217 1.62 2.30 × 10-11

-5 20.56 3.09 × 108 218 186 4.80 2.52 × 10-11

-7.5 30.91 4.09 × 108 232 238 7.21 2.53 × 10-11

-10 51.49 4.33 × 108 194 208 12.01 2.28 × 10-11

-15 78.32 6.83 × 108 159 191 18.27 2.29 × 10-11

-20 98.89 7.38 × 108 180 152 23.07 2.38 × 10-11

630 -2 2.10 6.66 × 107 593 536 0.49 4.14 × 10-11

-5 7.04 1.41 × 108 553 431 1.64 3.58 × 10-11

-7.5 8.55 1.39 × 108 434 511 2.00 3.99 × 10-11

-10 11.18 1.57 × 108 547 484 2.61 4.04 × 10-11

-15 22.64 2.59 × 108 480 533 5.28 3.49 × 10-11

-20 27.95 2.75× 108 547 585 6.52 3.65 × 10-11

Page 5 of 10 Nanoscale

N
an

os
ca

le
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 2
7 

fe
br

ua
ri

 2
02

5.
 D

ow
nl

oa
de

d 
on

 1
0/

03
/2

02
5 

21
:4

3:
32

. 

View Article Online
DOI: 10.1039/D4NR05252H

https://doi.org/10.1039/d4nr05252h


ARTICLE Journal Name

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

light sources. The Table 1 describes the photocurrent response 
of Form A1 single crystals to various laser wavelengths and 
applied voltages. EQE and NEP, two additional performance 
parameters were also extracted using the following equations:  

                                        EQE = Rhc
qλ × 100                                         (6)               

                                      NEP = 2qId

R
                                             (7)

Where h is the plank’s constant  and c is the speed of light. 

The EQE, which measures the number of charge carriers 
generated per incident photon, demonstrates the superior 
performance of this GFP-based photodetector.42 At 532 nm, the 
EQE reaches 23.07% under -20 V bias, significantly improving 
the photodetection capabilities by effectively converting 
incoming photons into electrical signals. Despite a reduced bias 
of -2 V, the EQE remained stable at 1.62%, demonstrating the 
material's capacity to sustain good performance across diverse 
operating conditions. The enhanced EQE is crucial for 
applications which require efficient light-to-electrical energy 
conversion, including imaging systems and optical sensors. The 
NEP refers to the minimal optical power needed for the 
detector to generate a signal that is comparable to the noise 
level, hence defining the weakest light signal detectable by the 
device.43 

A lower NEP value reflects a more sensitive photodetector. 
This study reveals that the A1 GFP photodetector exhibits an 

NEP value of 2.38 × 10⁻¹¹ WHz⁻¹/² at 532 nm with a -20 V bias, 
signifying remarkable sensitivity within the visible spectrum. 
The NEP is notably low even at lowered bias voltages (e.g., 2.3 
× 10⁻¹¹ WHz⁻¹/² at -2 V), confirming the detector’s capability to 
function efficiently at lower power levels. The photocurrent 
demonstrates a sharp response to the incident upon 
illumination. The Fig. 6(c) depicts the measured and fitted data 
for the rise times and decay times. The time constants for rise 
time and decay time are calculated using the equations 8 and 9.

Table 2 Summary of parameters used in this work.

                                     Iph = I0 ― I0 e
―t
τr                                          (8)

                                 Iph = I0 + A0 e
―t
τd                                             (9)

Where I0, τr , τd , and A0 represents the  saturated photocurrent, 
rise time constant, decay time constant and fitting parameter, 

Parameters Values
Experimental Light sources 532 nm (486 mW/cm2)

630 nm (78 mW/cm2)
Halogen lamp

Active device area 36 µm2

Temperature Room temperature
Substrate Silicon nitride

Material λex 400 nm
λem 449 nm
Bandgap energy ~2.84eV

Fig.  6 (a) Responsivity and Detectivity of the device for  532 nm, (b) 630 nm   (c) Decay and rise times of photocurrent, (d) Photocurrent vs Voltage response for 532 nm, 630 nm 
and Halogen.
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respectively. The fitting curve obtained from these equations 
gives the rise and decay time constants. 
As shown in Fig. 6(d), the photocurrent vs. voltage plot highlights 
the stability and reproducibility of the A1 GFP photodetector’s 
performance. This indicates minimal fluctuations in 
photocurrent, demonstrating consistent response across 
multiple measurements. The photocurrent rises proportionally 
as voltage increases, reaching its maximum at -20V, reflecting 
optimal carrier separation and mobility. The device also shows 
reliable performance at lower voltages, making it suitable for 
low-power applications. 

A comparative analysis of the performance metrics 
(responsivity and detectivity) of the A1 GFP analogue and other 
reported materials is presented in Table 3. This comparison 
highlights the significant advancements achieved in this work. 
Notably, the A1 GFP single crystal exhibits a comparative 
responsivity to conventional organic and inorganic 
photodetectors reported in recent literature. The table further 
shows that the rise and decay times of the A1 GFP device are 
competitive, with values of 180 ms and 152 ms, respectively, 
demonstrating fast photoresponse dynamics compared to 
other materials. This comprehensive comparison positions the 
A1 GFP analogue as a superior candidate for next-generation 
visible-range photodetectors, providing a balance between high 
sensitivity, fast response, and robust material stability.

3.4. Computational studies

 Density functional theory (DFT) calculations were carried out 
on Form A1 crystal by B97D3/6-311G(d,p) level of theory. The 
HOMO to LUMO gap explains charge transport mechanism 
within the Form A1 crystal, where electron density is 
transferred from the conjugated imidazole moiety and the 
trimethoxybenzene moiety at the outer regions to the inner 
parts of the same moieties, as illustrated in Fig. 7.  Time-
dependent density functional theory (TD-DFT) calculations at 
the B97D3 level were performed to compare the experimentally 
obtained bandgap of the Form A1 crystal. It was observed that 
the transition corresponding to the λmax (fosc = 0.5616, calcdλabs = 
419.64 nm, expλabs = 400 nm) is originating from a π → π* 
transition between the HOMO and the LUMO+3 orbitals. During 
this transition, the HOMO is predominantly delocalized across 
the π molecular orbitals of the conjugated imidazole and 
trimethoxybenzene rings, and the LUMO gets delocalized across 
the π* molecular orbitals of this same rings and the π* orbitals 
of the C=C bonds. Additionally, the small HOMO-LUMO gap 
facilitates efficient photoexcitation, allowing the crystal to 
readily absorb photons and promote electrons from the HOMO 
to the LUMO. This characteristic improves the ability of the 
material to generate charge carriers upon light absorption, 
making it suitable for use in photodetector. The reduced energy 
barrier for electron excitation improves its sensitivity to light, 
enabling faster response times and efficient photocurrent 

Fig.  7 The Molecular orbitals along with their energy levels applying the B97D3/6-311G(d,p) level of theory.
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generation, which are essential properties for photodetection 
applications.

Table 3 A table comparing the key characteristic parameters of the 
photodetectors investigated in this work with those of previously 
reported organic/inorganic photodetectors.

3.5.  Discussion and future prospects

Form A1 crystal shows the better efficiency for generation of 
free charge carriers upon light absorption and charge transport  
under the influence of external potential. The delocalized 
nature of π-conjugated system in the molecule facilitates the 
efficient charge transport, allowing separated charges to 
migrate towards the electrodes which is crucial for 
photodetector performance. Although our device shows 
excellent photodetection performance in the visible spectrum, 
future studies should explore the photodetector's sensitivity 
across a broadband spectrum from UV and near-infrared (NIR) 
regions. The performance of the device has been studied under 
constant laser power settings; however, it can be explored for 
varying laser intensities which could provide deeper insights 
into its photodetection performance. It should be noted that, 
the experiments in this work were performed in the controlled 
environmental conditions i.e., at ~ 25 ⁰C and humidity: 50-60%. 
Therefore, further studies with varied environmental conditions 
will be required for assessing the device's performance, 
stability, and robustness for its practical deployment, 
particularly in wearable or outdoor devices. Further, other 
analogues of this family can be synthesised and studied for high-
performance broadband photodetectors with good stability 
and mechanical flexibility. 

 In medical diagnostics, it can be used in non-invasive 
monitoring devices like smartwatches or skin sensors to track 
vital signs using light-based methods. Its biocompatibility and 
high sensitivity make it ideal for implantable biosensors and 
optical communication systems, ensuring real-time data 
transmission and environmental sensing. Further, the GFP-
based photodetector holds significant promise for practical 
applications in flexible electronics, such as foldable displays and 

wearable devices, where its flexibility and lightweight nature 
allow seamless integration.

4. Conclusions
In this study, we successfully demonstrate the potential of a 
Green Fluorescent Protein (GFP) chromophore analogue as an 
organic single-crystal photodetector, particularly for visible-
range applications. The synthesized A1 GFP crystals exhibit 
significant values of device parameters, including responsivity & 
detectivity. The peak photocurrent of 1.73 µA was achieved 
under a bias voltage of -20V. The photodetector's rapid 
response times, with a rise time and decay time, further 
highlight its suitability for fast photodetection applications. 
These features make the A1 GFP analogue highly adaptable for 
next-generation technologies.
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