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Article 
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Abstract: This study describes the synthesis, and characterization of lead-free organic ferroelectric 

perovskite N-methyl-N’-diazabicyclo[2.2.2]octonium)-ammonium trichloride (MDABCO-NH4Cl3). 

The electrospinning technique was employed to obtain nanofibers embedded with this perovskite 

into PVC polymer for hybrid fiber production. The dielectric, piezoelectric and pyroelectric 

properties of these fibers were carefully examined. From measurements of the dielectric permittivity 

temperature and frequency dependence, together with the pyroelectric results, a transition from a 

high temperature paraelectric to a ferroelectric phase that remained down to room temperature, 

was found to occur at 438 K. A pyroelectric coefficient as high as 290 C K-1 m-2value obtained is 

within the same order of magnitude as that reported for MDABCO-NH4I3 and the semiorganic 

ferroelectric triglycine sulfate (TGS). The hybrid nanofibers exhibited good morphological 

characteristics and demonstrated very good piezoelectric properties. Specifically, a piezoelectric 

coefficient of 42 pC/N was obtained when a periodical force of 3 N was applied. The performance 

of these fibers is on par with materials discussed in the existing literature for fabrication of nano 

energy harvesting generators. Importantly, the perovskite nanocrystals within the fibers not harmed 

by oxidation, making them a promising environmentally friendly platform for flexible energy 

harvesting. 

Keywords: organic perovskite; electrospinning; fibers; piezoelectricity; pyroelectricity; nano energy 

harvesting 

 

1. Introduction 

Ferroelectrics are crystalline materials that simultaneously exhibit pyro-electricity and 

piezoelectricity due to their structure displaying spontaneous polarization, which can be reversed by 

the application of a static electric field. Ferroelectrics must crystallize in one of the ten crystallographic 

polar point groups. 

Among all ferroelectrics, the best-known and widely studied family is the inorganic metal oxides 

known as perovskites of type ABX₃ (where A and B are metal cations, and X is an oxide anion). 
Examples include strontium titanate (SrTiO₃), barium titanate (BaTiO₃), lead titanate (PbTiO₃), and 
lithium niobate (LiNbO₃) [1]. Lead-free inorganic perovskites are wide-bandgap materials that have 

recently produced encouraging results as UV light photodetectors. In particular, their piezoelectric 

and pyroelectric properties have the potential to enhance the photoelectric conversion process [2–4]. 
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Hybrid perovskites represent a novel category of ferroelectric crystals that hold significant 

importance, not only for their crystallographic properties but also for their environmentally friendly 

nature. Unlike their inorganic counterparts, these semi-organic ferroelectrics offer several notable 

advantages. Synthesizing them at room temperature is possible, and they exhibit greater flexibility 

and reduced weight. Additionally, they showcase remarkable structural variability, which leads to 

highly tunable properties. Because of their unique qualities, hybrid perovskites have become a crucial 

area of research, especially for their potential as replacements for inorganic materials in piezoelectric 

and pyroelectric technologies [5–8]. 

Pyroelectrics, a distinctive subset of ferroelectrics, are crystalline polar compounds characterized 

by their ability to undergo a polarization change in response to variations in temperature. This unique 

property allows them to convert temperature fluctuations into an electric current. As a result, 

pyroelectrics find valuable applications in areas such as infrared detection, energy harvesting 

processes, and thermal imaging. 

An illustrative example of a semi-organic ferroelectric is triglycine sulfate (TGS), which 

possesses a notable pyroelectric coefficient (p) of 306 μC/m² K. This coefficient is observed at the 
ferroelectric-paraelectric transition temperature of 38ºC, showcasing the material's capacity to 

generate an electric charge in response to temperature changes [5]. 

Ferroelectrics, crystalline materials that exhibit both pyroelectricity and piezoelectricity, have 

enormous technological significance. Since the discovery of the first semi-organic ferroelectric, 

Rochelle salt or sodium potassium tartrate tetrahydrate [KNaC4H4O6 (4H2O)], by Valasek in 1920, 

these materials have been a focal point of fundamental and applied research [6,7]. 

Inorganic perovskites of the ABX₃ type (where A and B are metal cations, and X is typically an 

oxide anion) form a well-established family of solid-state crystalline compounds. These materials 

have found extensive applications in the fabrication of capacitors, sensors, actuators, and various 

other devices. Notable examples include metal oxides such as strontium titanate (SrTiO₃), barium 
titanate (BaTiO₃), and lead titanate (PbTiO₃), as well as their solid solutions like Pb(Zr,Ti)O₃ (PZT), 
niobates such as PZN (PbZn₁/₃Nb₂/₃O₃), (PbMg₁/₃Nb₂/₃O₃) (PMN), and lithium niobate LiNbO₃. 

These materials have been widely used in various industries due to their functional properties, 

combining ferroelectricity with non-linear optical and electro-optical effects, along with 

multiferroicity [8,9]. 

To the moment, piezoelectrics available on the market are predominantly characterized by 

inorganic perovskites, particularly materials based on lead zirconate titanate (PZT), along with 

polymers such as polyvinylidene difluoride (PVDF) and its derivatives, such as PVDF-TrF [10,11]. 

However, because of the inherent lead toxicity, lead-based ferroelectrics have become a 

significant environmental concern. These apprehensions have spurred active research aimed at 

substituting one of the ions A or X within the perovskite-type materials with a molecular building 

unit [12,13]. 

Semi-organic crystalline materials for optoelectronic applications, proving to be competitive 

with their inorganic counterparts. These semi-organic ferroelectrics offer several advantages over 

inorganic materials. Notably, researchers can synthesize these semi-organic ferroelectrics at room 

temperature, and they offer greater flexibility and reduced weight. Additionally, they display 

remarkable structural variability, resulting in highly tunable properties. As a result, they have 

become a focal point of research for their potential application as piezoelectric and pyroelectric 

materials, aiming to replace traditional inorganic counterparts [14–17]. 

Crucially, the pursuit of lead-free alternatives gained momentum with the discovery of highly 

efficient solar cells utilizing methylammonium lead halide perovskites. This breakthrough prompted 

the exploration of lead-free HOIPs, a recently discovered and highly promising family within the 

perovskite domain [18–23]. 

A recently discovered lead-free organic-inorganic perovskite is (N-methyl-N'-

diazabicyclo[2.2.2]octonium)-ammonium triiodide, MDABCO-NH₄I₃. This material has a remarkable 
spontaneous polarization of 22 µC/cm², very close to that of barium titanate (approximately 26 

µC/cm²). With a ferroelectric-paraelectric phase transition occurring at 448 K and exhibiting multiple 
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polarization directions, MDABCO-NH₄I₃ has convincing attributes for applications in flexible 
optoelectronic devices [24,25]. 

The fabrication of nanoscale structures has received increasing attention because of their size-

dependent properties. One-dimensional structures, including nanowires, nanotubes and nanofibers, 

represent the smallest dimensional entities that exhibit innovative properties with significant 

potential applications in various fields, such as electronics, photonics, sensing and energy harvesting. 

Among the various techniques available, electrospinning has become a well-established method 

for creating micro- and nanoscale fibers, characterized by a high surface-to-volume ratio. This process 

results in the formation of mats measuring several square centimeters, made up of multifunctional 

nanostructured materials. These materials are derived from precursor polymer solutions mixed with 

functional nanoparticles under the influence of intense static electric fields [26–30]. 

Furthermore, the anisotropic shape and substantial surface area ratio of nanofibers contribute 

significantly to increasing their mechanical strength and flexibility. In this context, the exploration of 

nanoscale ferroelectrics with a perovskite structure appears to be a particularly promising and key 

area of research [14,31]. 

An interesting application of functional electrospun fibers is the collection of electrical nano 

energy at low frequencies through the piezoelectric effect. This phenomenon is driven by the 

polarization induced by the deformation of the material [32]. 

Piezoelectric nanogenerators, commonly referred to as PENGs, hold promise for powering low-

energy devices. An illustrative example involves the utilization of a semi-organic perovskite in a 

PENG, as reported for methylammonium lead iodide (CH₃NH₃PbI₃) incorporated into PVDF 

polymer fibers formed via electrospinning. This configuration yielded an output voltage of 

approximately 220 mV at 4 Hz, with an applied force of approximately 7.5 N. Notably, it generated 

a maximum output power of 0.8 mW/m² [33]. 

In this manuscript, electrospun nanofibers incorporating MDABCO-NH₄Cl₃ perovskite 
demonstrate their potential as lead-free piezoelectric nanogenerators (PENGs) for efficient 

mechanical energy harvesting. Specifically, when applied to poly(vinyl chloride) (PVC) polymer, 

these nanofibers yield a piezoelectric coefficient of 42 pC/N under the influence of periodic 

mechanical forces. Notably, the pyroelectric coefficient of polycrystalline MDABCO-NH₄I₃ within 
electrospun fibers has the same order of magnitude as the hybrid ferroelectric triglycine sulfate (TGS). 

2. Materials and Methods 

2.1. Materials and Nanofibers Preparation 

Following the synthetic procedure outlined by Yu-Meng You and Ren-Gen Xiong [24], 

MDABCO-NH₄Cl₃ was synthesized. The precursor (MDABCO)I was also synthesized according to 
the method reported by Kreuer et al. [34]. The resulting MDABCO-NH₄Cl₃ crystals were then ground 
in a mortar and sieved to a size smaller than 40 µm. 

All chemicals and solvents, obtained from Sigma-Aldrich (Schenlldorf, Germany), were used 

without any further purification. Polyvinyl chloride (PVC), with a high molecular weight and a 

density of 1.40 g/ml, was purchased from Janssen (Beerse, Belgium). To prepare the 10% PVC 

electrospinning precursor solution, the pellets were dissolved in a solvent mixing system of 5 mL of 

tetrahydrofuran (THF) and dimethylformamide (DMF) in a 50:50 (v/v) ratio. After complete 

dissolution, MDABCO-NH₄Cl₃, in a ratio of 1:5 by weight, was added in small portions, and the 

resulting solution was stirred for several hours under ambient conditions before the electrospinning 

process. The precursor solution was then loaded into a 5 mL syringe, with its needle (0.5 mm outer 

diameter and 0.232 mm inner diameter) connected to the anode of a high-voltage power supply 

(Spellmann CZE2000). 

The conventional electrospinning technique produced the nanofibers, configured to produce 

oriented fiber mats. Essentially, the equipment used consists of four principal components: a high-

voltage power supply, a precise syringe pump, a syringe fitted with a metal needle (spinneret) and a 

drum collector connected to a motor speed controller. The power supply is connected to both the 
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spinneret and the drum collector. The syringe pump regulates and controls the flow rate of the 

polymer solution as it consistently extrudes through the spinneret. An aluminum foil attached to the 

collector, amasses the fibers produced. Our electrospinning apparatus, a E-Fiber EF100 (Leonardino 

Srl / SKE Research Equipment®, Milan, Italy) was designed with a horizontal configuration 

geometry. 

Nanofibers composed of PVC polymer with embedded MDABCO-NH₄Cl₃ perovskite were 
successfully fabricated. As a reference, nanofibers using a solution of pure PVC polymer were also 

electrospun. In both cases, employing polymers containing MDABCO-NH₄Cl₃ and reference 

solutions, a voltage of 20 kV was applied between the tip and the collector. The solution flow rate 

and the needle-to-collector distance were maintained at 0.18-0.20 mL/h and 13 cm, respectively. 

2.2. Scanning Electron Microscopy (SEM) 

The investigation into the morphology, size, and shape of MDABCO-NH₄Cl₃ perovskite 
nanofibers utilized a Nova Nano SEM 200 scanning electron microscope (FEI Company, Hillsboro, 

Oregon, United States). The instrument operated at an accelerating voltage of 10 kV. We deposited 

nanofibers on a silica surface that we had previously coated with a thin film (10 nm thickness) of Au-

Pd (80-20 weight %). This deposition was achieved using a high-resolution sputter cover, 208HR 

Cressington Company (Watford, England UK), coupled with a Cressington MTM-20 high-resolution 

thickness controller. 

The diameter range of the nanofibers was determined through SEM images processed with 

ImageJ 1.51n image analysis software (ImageJ2, NIH, https://imagej.nih.gov/ij/, accessed on 12 

January 2024). To establish the average diameter and diameter distribution, measurements were 

conducted on 50 randomly selected nanofibers from the SEM images. We fitted the resulting fiber 

diameter distributions to a log-normal function. 

2.3. X-ray Diffraction and Raman Spectroscopy 

The investigation into the crystallinity and crystallographic orientation of MDABCO-NH₄Cl₃ 
within the fibers involved X-ray diffraction. θ–2θ scans were conducted, and the diffraction pattern 
was recorded using a Bruker D8 Discover X-ray diffractometer (Bruker company, Billerica, 

Massachusetts, USA) equipped with Cu-Kα radiation (wavelength of 1.5406 Å). 

2.4. Dielectric spectroscopy 

The dielectric properties of MDABCO-NH₄Cl₃ crystals and were assessed through impedance 

spectroscopy within the temperature range of 300-450 K and a frequency span of 100 Hz – 1 MHz. 

Complex permittivity, denoted as ε=ε'-iε'', where ε and ε'' represent the real and imaginary 
components, respectively, were determined based on the measured capacitance (C) and loss tangent 

(tan δ), utilizing the equations: 

C = ε'ε0(A/d)         and     tan δ = ε''/ε'  

In these equations, A signifies the electric contact area, and d denotes the thickness of the fiber 

mat. The experimental setup involved the samples forming a parallel-plate capacitor included in an 

LCR network. The aluminum foil, utilized as the substrate for collecting the fiber mats, served as the 

bottom electrode, while the top electrode was the base of a cylindrical metal contact with an 

approximate diameter of 10-2 m. Measurements were conducted using a Wayne Kerr 6440A (Wayne 

kerr Electronics, London, UK) precision component analyzer, along with dedicated computer 

software for data acquisition. Shielded test leads were employed to mitigate parasitic impedances 

resulting from connecting cables. Temperature-dependent measurements were executed at a rate of 

2 °C/min, facilitated by a Polymer Labs PL706 PID controller (Polymer Labs, Los Angeles, California 

USA) and furnace. 
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2.5. Pyroelectric Measurements 

Pyroelectricity results from the temperature-dependent nature of spontaneous polarization, in 

which changes in temperature induce an electric field from changes in the intrinsic dipoles. The 

surface layer of free charges counteracts this electric field. The key parameter that characterizes this 

phenomenon is the pyroelectric coefficient, denoted by the rate of change of spontaneous polarization 

(p = dPs/dT). Measuring the change in polarization involves monitoring the pyroelectric current (I = 

A(dPs/dT)(dT/dt)) using a Keithley 617 electrometer (Keithley Instruments GmbH, Landsberg, 

Germany). Here, A represents the area of the electrode and dT/dt means the rate of temperature 

change. These measurements were carried out using a capacitor geometry under short-circuit 

conditions. 

2.6. Piezoelectric Measurements 

The piezoelectric output voltage and current of the fibers were measured across a 100 MΩ load 
resistance connected to a low-pass filter. Subsequently, the signals were passed through a low-noise 

preamplifier (SR560, Stanford Research Systems, Stanford, CA, USA) before being recorded with a 

digital storage oscilloscope (Agilent Technologies DS0-X-3012A, Waldbronn, Germany). Periodic 

applied mechanical forces generated by a vibration generator (model: SF2185, Frederiksen Scientific, 

Olgod, Denmark) drove the fiber array sample, with dimensions of (30 × 40) mm² and a thickness of 

200 µm. A signal generator (model: 33120A, Hewlett Packard, Palo Alto, California, U.S.A.) 

controlled the frequency set to be 3 Hz. The applied forces were calibrated using a force-sensing 

resistor (FSR402, Interlink Electronics Sensor Technology, Graefelfing, Germany). The sample, fixed 

on a stage, experienced uniform and perpendicular application of forces over its surface area. 

3. Results and discussion 

3.1. Dielectrics 

The frequency dependence of the electric permittivity was measured between room temperature 

and 453 K for the polycrystalline MDABCO-NH4Cl3 sample. Figure 1a,b show the real and imaginary 

components of the dielectric permittivity, respectively. The dielectric constant (real component of the 

permittivity) initially presents a sharp drop in the low-frequency region and then attains a slower 

decrease at high frequencies. On the other hand, two maxima, marked with the A and B letters in 

Figure 1b, are observed in the imaginary component of the electric permittivity, which are 

characteristic of the presence of two dielectric relaxations. One occurs above 10 kHz (A relaxation) 

and the other occurs in the 10 Hz – 1 kHz frequency region (B relaxation). These relaxations are 

further observed in ’, by the appearance of two plateaus in the frequency intervals associated with 
the A and B maxima. The rise in the dielectric constant values at the low-frequency end (Figure 1a), 

is influenced by the Maxwell–Wagner–Sillars polarization that occurs at the nanoscale, where the 

charge carriers can be blocked at the inner dielectric boundary layers or interfaces between grains in 

the polycrystalline MDABCO-NH4Cl3 sample [35].  

The frequency of the maxima of the imaginary component of the dielectric permittivity (fm) is 

related to the relaxation time () of the process by the equation 2fm = 1. The frequency of the maxima 

follows a thermally activated Arrhenius type behavior described by the equation [35]: 𝑓𝑚 = 𝑓𝑚0exp⁡(− 𝐸𝑘𝐵𝑇)  (1) 

Where 𝑓𝑚 is the frequency of the maxima, 𝑓𝑚0 is a constant, 𝑘𝐵 is the Boltzman constant and 

E is the activation energy of the process. Taking the logarithm of equation (1) a linear dependence 

results which can be fit with a straight line according to the expression ln(𝑓𝑚) = ln(𝑓𝑚0) − 𝐸𝑘𝐵𝑇: The 

inset of 1b) shows the linear fits to the graphics of ln⁡(𝑓𝑚)  as a function of the inverse of the 

temperature for both relaxations. From the fits, the corresponding activation energy values were 

obtained, giving EA = 0.47 eV and EB = 0.086 eV. 
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Figure 1. Frequency dependence of the a) real part and of the b) imaginary part of the dielectric 

permittivity polycrystalline MDABCO-NH4Cl3. The inset of figure b) shows the logarithm of the 

frequency of the maximum of the relaxations marked with A and B in ’’, versus the inverse of the 
temperature. The straight lines are fits to the curves, to obtain the corresponding activation energies. 

In c) is the Cole-Cole plot and in d) the temperature dependence of the real and imaginary 

components of the electric permittivity of the sample. 

Figure 1d shows the temperature dependence of the real and imaginary (inset) parts of the 

electric permittivity of MDABCO-NH4Cl3. An overall increase of the real and imaginary permittivity 

is observed, with increasing temperature, reflecting the increasing thermal energy available to the 

system. However, a change of behavior is observed above ~398 K (a step-like change) consistent with 

the stabilization of a ferroelectric phase, and another (a peak) is seen at ~438 K which might be 

assigned to a ferroelectric-paraelectric phase transition, reported previously for MDABCO-NH4I3 

analog. Both dielectric changes occur at temperatures where anomalies are observed in the DSC 

measurements (Figure S1). Accordingly, the curves in Cole-Cole plots, Figure 1c show that sharply 

and significant maxima occur for temperatures above 383 K.   

3.2. Pyroelectricity 

The pyroelectric coefficient was measured on a polycrystalline sample (a pellet) of MDABCO-

NH4Cl3 perovskite until the Curie temperature, as shown in Figure 2. The maximum value achieved 

is around 290 C K-1 m-2. The maximum occurs in the temperature region 398 – 426 K at temperatures 

where there is a change of slope in the real and imaginary components of the electric permittivity, as 

shown in Figure 1d. This indicates the presence of structural changes inside the MDABCO-NH4Cl3 

sample and associated with the phase transition reported for this perovskite family. The pyroelectric 

coefficient value obtained is within the same order of magnitude as that reported for MDABCO-

NH4I3 and the state-of-the-art semiorganic ferroelectric triglycine sulfate (TGS) single crystal, 
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reported to be respectively 194×10-6 Cm-2k-1 and 306×10-6 Cm-2k-1 at the ferroelectric-paraelectric phase 

transition [36]. The second maximum occurring in the temperature interval 431– 440 K is also 

consistent with the second anomaly observed in the temperature dependence of the electric 

permittivity (Figure 1d) and in the DSC measurements (Figure S1). 
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Figure 2. Pyroelectric coefficient as a function of the temperature of MDABCO-NH4Cl3, measured  

on heating. 

3.3. Piezoelectric Voltage and Current, and Effective Piezoelectric Coefficients in Fibers 

The piezoelectric behavior of electrospun nanofiber mats fabricated from MDABCO-

NH4Cl3@PVC was investigated in this study. At a frequency of 3 Hz and an applied force of 3 N, Voc 

reaches 12 V for the Piezoelectric Nanogenerator (PENG) formed by the MDABCO-NH4Cl3@PVC 

nanofiber mat. Note that low frequencies, such as 3 Hz, allow the generator to return to its original 

microscopic configuration before the next force is applied. 

The charge generated by the piezoelectric mat, calculated from Q = ∫Idt (C), amounts to 786 pC 

for the MDABCO-NH4Cl3@PVC mat, considering a material response time of approximately 10−3 s, 

the maximum Isc obtained of 786 nA. The effective piezoelectric coefficient, calculated as deff = Q/F 

(pCN−1), for the nanofiber mat under a periodically applied force of 3 N is 42 pCN−1 for MDABCO-

NH4Cl3@PVC. Comparatively, the piezoelectric coefficient reported for a single MDABCO-NH4I3 

crystal is d33 = 14 pCN−1 along the [1 1 1] direction of the crystal [24]. Therefore, the piezoelectric 

coefficient for the hybrid system formed by MDABCO-NH4Cl3 nanocrystals embedded in PVC fibers 

is one 3 times higher. It is important to note that this hybrid perovskite PENG exhibits a small 

contribution from the piezoelectric polymer, which is piezoelectric (d31~1.5 pCN−1) [37]. 

This result aligns with the very high effective piezoelectric coefficient displayed by electrospun 

fibers incorporating active organic piezoelectric materials, as reported previously for nonlinear 

optical organic crystal derivatives of nanocrystalline push–pull nitroaniline molecules and di-

phenylalanine dipeptides when embedded in nano and microfibers fabricated by the electrospinning 

technique [38–40]. 

Calculating the peak power density, P = Isc/A (μWm−2) (where A is the area of the electrode) 

delivered by the MDABCO-NH4Cl3@PVC nanofiber mat yields 1960 μWm−2, which is two orders of 

magnitude higher than that reported for methylammonium lead iodide (CH3NH3PbI3) embedded 

into poly(vinylfluoride) (PVDF) nanofibers, reported to be 12 μWm−2 for Rl = 10 MΩ [33]. 

Moreover, the MDABCO-NH4Cl3@PVC piezoelectric generator can deliver a peak power density 

comparable to that achieved for electrically poled MDABCO-NH4I3 films deposited on a polyimide 
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substrate after a preheating treatment up to 140°C. Here, the piezoelectric generator delivered a peak 

power density of 2000 μWm−2 under an Rl = 250 MΩ [41]. Therefore, the electrospun-doped fiber mat 

can achieve a high peak power density without the need for electrical polling or a previous heating 

treatment, providing a significant advantage. 

In this work, we demonstrate that incorporating the organic lead-free perovskite MDABCO-

NH4Cl3 into electrospun PVC fibers, processed at room temperature without poling, is an easy and 

straightforward method for fabricating piezoelectric generators using lead-free perovskite 

nanocrystals as active materials. 

Furthermore, the piezoelectric voltage coefficient (geff), an essential quantity for quantifying the 

performance of a material for integration as a piezoelectric sensor, was calculated for our electrospun 

fiber mats. For MDABCO-NH4Cl3@PVC, ε′= 0.0145 at 100 Hz, and geff = 3.6 VmN−1. This extremely 

high piezoelectric voltage coefficient is one order of magnitude higher than that displayed by a 

polyvinylidene fluoride (PVDF) polymer thin film (geff = 0.29 VmN−1) [42,43] and more than five times 

higher than that exhibited by the layered lead perovskite (4-aminotetrahydropyran)2PbBr4 (geff = 0.67 

VmN−1) [14]. 

 

Figure 3. (a) SEM image at magnification level 50,000× and the respective fiber diameter distribution 

histogram for MDABCO-NH4Cl3@PVC fiber mat. The logarithmic normal distribution is represented 

by the yellow curve, which was generated using the mean and standard deviation of the data; (b) 

Output voltage and piezoelectric current as a function of time from MDABCO-NH4Cl3 incorporated 

into PVC polymer nanofibers. 

5. Conclusions 

The synthesis and characterization of MDABCO-NH4Cl3 crystals presented in this study offer 

valuable information on the potential applications of lead-free organic ferroelectric perovskites. The 

transition from a high-temperature paraelectric structure to a ferroelectric phase observed at 432 K 

means that the material is suitable for room-temperature ferroelectric applications. Moreover, the 

pyroelectric coefficient value obtained for MDABCO-NH4Cl3 is within the same order of magnitude 

as that reported for MDABCO-NH4I3 and the semiorganic ferroelectric triglycine sulfate (TGS), which 

are respectively 194×10-6 Cm-2k-1 and 306×10-6 Cm-2k-1 at the ferroelectric-paraelectric phase transition. 

The successful incorporation of MDABCO-NH4Cl3 into PVC nanofibers, together with the 

observation of good morphological characteristics, underlines the feasibility of using these materials 

in practical devices. The piezoelectric properties demonstrated, with a measured piezoelectric 

coefficient of 42 pC/N under a periodic force of 3 N, and further highlights the material's potential 

for energy harvesting applications. 
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