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ABSTRACT

Organometallic halide perovskite (OMHPs) single crystals have recently gained attention for high-

energy radiation detection due to their low trap state densities, high bulk resistivities, excellent 

stopping power and cost-effective solution growth. An integral focus for radiation sensing 

materials is reduction of trap states to enhance charge transport properties. In this perspective, we 

investigate the use of high and low purity precursors for growth to understand impurity inclusion, 

as well as effects on structural properties due to impurities. Using both high purity and low purity 

precursors, we report minimal effects on impurity inclusion observed via Raman, ToF-SIMS and 

X-ray diffraction. Through SEM analysis, we observe that the particle size in the grown single 

crystal increased on average by a factor of two to five, when using high purity precursors. The 

microstructural changes affect recombination mechanisms, promoting longer charge carrier 

lifetimes (τavg), where time-resolved photoluminescence shows a large increase from 𝜏𝑎𝑣𝑔

 (low purity) to  (high purity). We further investigate the = 1.26 ×  10 ―6 𝑠 𝜏𝑎𝑣𝑔 = 1.18 ×  10 ―4 𝑠

purity effects with alpha radiation detection, demonstrating that charge collection efficiency, 

observing an increase in charge collection by 32 ± 30% using the higher purity precursors. The 

microstructural differences in growth are herein proposed to be caused by nucleation from the 

impurities present in the solution, thereby adversely affecting the electronic properties of the 

MAPbBr3 single crystals. In this perspective, we provide a deeper understanding of the effects of 

precursor purity on solution-based single crystal growth of OMHPs towards development of 

efficient radiation sensors and optoelectronic devices.
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INTRODUCTION

In recent years, methylammonium lead halide perovskites (MAPbX3: MA = CH3NH3
+, X = I-, Br- 

or Cl-) have gained attention for a variety of applications including, but not limited to, 

photovoltaics1-6, photodetectors7, lasing8, light-emitting diodes9 and more recently for high energy 

radiation sensors.10-12 These materials have gained interest due to their tunable optical band gaps, 

desirable electronic properties, low cost and wide range of deposition techniques.13-15 Specifically, 

single crystalline MAPbBr3 has garnered attention due to its low trap state density and long carrier 

diffusion length.13-15 Single crystalline MAPbBr3 is grown using simple, low-cost, low-

temperature, solution-based crystal growth techniques, with the growth process only taking hours 

to days to complete. For optoelectronic application and high energy radiation detection, an 

essential parameter for suitable materials relies on low trap and defect density. In this perspective, 

we investigate the effects of precursor purity on charge transport properties and structural changes 

in single crystals of MAPbBr3. To study the impact that growth conditions have on the quality of 

MAPbBr3 single crystals (desire low trap density and high charge carrier properties), it is important 

to understand similar studies on MAPbX3 thin films processes, single crystal growth techniques 

for MAPbX3, and mechanisms behind the crystal growth techniques.

Studies on MAPbI3 thin films have shown that the purity of PbI2 precursor used in the preparation 

of solutions for spin-coating and spray-coating has a large impact on the thin film properties and 

device performances. Chang, et al. observed that impurities can lower electron lifetime and 

increase the amount of non-radiative recombination in MAPbI3 thin films.16 They were able to 

reduce the amount of impurities in the active layer by using higher purity PbI2 in the spin-coating 

solution and overall increased the power conversion efficiency (PCE) of MAPbI3 solar cells by 3-

4%. Similarly, Yao, et al. established that the purity of PbI2 purity in spray-coating solutions had 
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a large impact on the crystallinity, grain size and grain boundaries in MAPbI3 thin films for solar 

cells.17 It was found that using higher purity PbI2 precursor greatly increases the PCE of MAPbI3 

solar cells and eliminates hysteresis effects. Single crystalline MAPbBr3 has commonly been 

grown using lower purity precursor materials, such as 98% PbBr2.11-15 These reports have shown 

excellent single crystalline quality and novel use in high-energy radiation detection; however, no 

reports have shown how the purity of precursor materials can affect the pertinent electronic 

properties of single crystals for high-energy radiation detection.

Several solution-based techniques have been studied for single crystal growth of organic-inorganic 

halide perovskite single crystals. A slow cooling method has been heavily studied for MAPbI3 

single crystal growth, where a seed crystal is placed in solution, and the solution is cooled slowly 

over the course of days to grow on the seeded crystal. However, this growth technique is only 

suitable for materials that have high solubility at high temperatures,14,18,19 and the solubility of 

MAPbBr3 is low at high temperatures. Therefore, growth of MAPbBr3 single crystals commonly 

use anti-solvent vapor-assisted crystallization (ASC) and inverse temperature crystallization (ITC) 

techniques. The ASC method is efficient for synthesizing high quality crystals, but it is difficult to 

obtain large crystal sizes, limiting potential use in optoelectronic applications.13 ITC has shown to 

be the best technique for growth of large, high quality MAPbBr3 single crystals. The MABr and 

PbBr2 precursors have high solubility in N,N-Dimethylformamide (DMF) at room temperature 

with a decrease in solubility as the temperature increases.15,20,21 Understanding the mechanisms 

behind single crystal growth and its impact on electronic performance is a critical step in enhancing 

device  performance. In solution-based growth, free parameters like precursor purity can have an 

impact on crystal quality (e.g., intrinsic defect minimization), causing significant effects on the 

electronic properties of the crystals. Impurities in the solvent and solute may incorporate 
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themselves in the crystal structure via interstitial and substitutional defects. Understanding the 

mechanisms of solution-based growth should help to identify how to properly control the growth 

conditions to minimize intrinsic and/or extrinsic defects to achieve higher-quality MAPbBr3 single 

crystals.

In this report, we investigate the impact of precursor purity on the structural and electronic 

properties of single crystalline MAPbBr3 using the ITC method for sensing and opto-electronic 

applications. We specifically studied if impurities were incorporated into the crystal structure 

during growth and whether increasing the purity of the precursors had a positive impact on single 

crystal quality. We also examined how the electronic properties of single crystalline MAPbBr3 are 

modified with different precursor purities through charged particle detection.
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EXPERIMENTAL

Growth of MAPbBr3

Methylammonium lead bromide (MAPbBr3) single crystals were grown using the ITC method.17 

To prepare the growth solution, methylammonium bromide and lead(II) bromide (PbBr2) were 

mixed with a 1:1.25 (PbBr2:MABr) in N,N-dimethylformamide (DMF). For lower purity stock 

materials, PbBr2 (98%-Alfa Aesar) and MABr (98%-Sigma-Aldrich) were used for solution 

preparation. For high purity stock materials, PbBr2 (99.999%, trace metals basis-Sigma-Aldrich) 

and MABr (99.5%-Osilla) were used for solution preparation. All materials used in the growth 

process were used as received. The solution was stirred for one hour at room temperature for 

dissolution and homogenization. The solution was then filtered using a 0.2 μm PTFE filter. After 

filtration, the solution was divided among vials in 2 mL quantities. The vials were placed in an oil 

bath at 75 °C. After growth, the samples were washed using dichloromethane (DCM). 

Alpha Radiation Detection Device Fabrication

For alpha radiation detection, the MAPbBr3 single crystals were mechanically polished using SiC 

films down to a 0.1 μm abrasive particle size. After polishing a 20 nm layer of C60 followed by 

an 8 nm layer of bathocuproine (BCP) were deposited on one side of the crystal. Then, 60 nm thick 

Cr electrodes were deposited on both faces. Cr has been used in previous studies using MAPbBr3 

for radiation detection12 and has also been shown to exhibit Ohmic behavior.22 All electrode layers 

were deposited via thermal evaporation.

Measurements Techniques
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X-ray powder diffraction (XRD) was performed on a Malvern PANalytical Empyrean 

diffractometer setup in Bragg-Brentano geometry utilizing a PIXcel3D area detector with 255 active 

channels with ~ 3 °2Θ of coverage. Samples were first characterized as-grown and then ground 

into a polycrystalline powder with an agate mortar and pestle and reanalyzed. The phase was 

identified using the ICDD PDF 4+ database and subsequent analysis using the Rietveld method 

was performed to obtain refined structural information using Malvern PANalytical’s HighScore 

software. Time-resolved photoluminescence was performed using a 370 nm nanoLED 

photoexcitation source. The emission was measured at 575 nm with a time range of 5 μs. Raman 

spectroscopy was performed at liquid nitrogen temperature using a 473-nm pulse laser. The grating 

was set to 600 with the filter set to 0.01%. ToF-SIMS measurements were performed using a 

TOF.SIMS 5 NSC instrument (ION-TOF, Germany) using a Bi3
+ primary ion beam with an energy 

of 30 keV, 30 nA current and 5 mm spot size. A sputter Cs+ ion beam (1keV energy, 60 nA current 

and 20 mm spot size) was used to clean the sample surface before chemical imaging to minimize 

surface contamination manifesting itself in the collected ToF-SIMS spectra. Imaging was 

performed in positive ion detection mode. Alpha radiation spectra were collected by exposing the 

cathode of MAPbBr3 detectors to a 210Po radiation source and utilizing a pulse processing chain 

comprised of a CAEN A1422-F2-90 preamplifier, ORTEC 572A amplifier (shaping time of 10 

μs), and an ORTEC ASPEC-927 multichannel analyzer. Alpha particle signal traces were collected 

by connecting a Cremat CR-110 preamplifier output to a 1.5 GHz Agilent Oscilloscope 54845A 

with a 1 MΩ input impedance. A custom LabVIEW program was used to capture 100 signal traces 

to analyze the rise time of each sample in response to alpha particles. The signal traces were 

averaged to minimize the effect of noise on the pulse shape. All measurements were completed in 

dark condition to avoid any interactions from light.
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RESULTS & DISCUSSION

The samples compared were grown with two different precursor purities. Low purity refers to the 

single crystal grown with 98% PbBr2 and 98% MABr, while high purity refers to the single crystal 

grown with 99.999% PbBr2 and 99.5% MABr. XRD data at 300 K are shown for single crystalline 

(preferred orientation) and ground, polycrystalline powder MAPbBr3 in Figures 1a and 1b, 

respectively. These patterns agree with previous literature for MAPbBr3 single crystals and the 

data confirms the samples are single phase (ICDD# 01-084-9476).23,24

Figure 1. (a) XRD data collected on single crystals and (b) powder XRD for low and high purity 
grown single crystalline MAPbBr3. 

XRD diffraction on the as-grown, single crystal samples, synthesized from both the high and lower 

purity precursor materials, show preferred orientation in the 00l crystal orientation. The FWHM 

deviates by only 0.001 °2θ between samples; however, the observed counts for the high purity 

precursor materials is orders of magnitude larger than the low purity sample correlated to a higher 

number of diffracted X-rays, suggesting a higher degree of crystallinity. This could also be the 

cause in the difference in tail characteristics due to microstructural Lorentzian broadening 
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observed in Figure 1a for the low purity crystal.25,26 Powder XRD data was collected after grinding 

the single crystals into polycrystalline samples, showing that all the characteristic peaks of the 

cubic  space group are observed. When samples are ground, no difference in the peak shape 𝑃𝑚3𝑚

is observed, as crystallite size and preferred orientation differences are removed. The refined lattice 

parameter of the high-purity phase is 5.9300(2) Å and for the low-purity phase is 5.9300(2) Å, 

indicating no chemical strain that would be caused by ionic radii differences from impurities 

leading to a change in lattice parameters. The crystalline quality is directly compared between low 

and high purity-based samples via triple axis rocking curves, as shown in Figure S1. Rocking 

curves are generated by rotating the sample to change the sample orientation while keeping the 

angle of the incident beam constant. The width of the rocking curve directly measures the 

crystalline quality of the single crystals, where curve broadness indicates crystalline disorder and 

high mosaicity in the sample. By comparing the rocking curves in Figure S1, we show that the 

high purity sample has highly textured crystalline quality, while the low purity sample shows 

higher disorder by a broader FWHM of the main rocking curve peak, as well as plane tilting in the 

sample observed by the presence of a second small peak.27

Raman spectroscopy was implemented to compare the vibrational MA+ cation motions for low 

and high purity samples to study any differences in the organic framework of the crystal structure. 

The Raman spectra for low and high purity MAPbBr3 single crystals are shown in Figure 2a. These 

figures were used to compare the Raman spectra to literature values. Each spectrum shows great 

signal to noise ratio, with sharp, high intensity peaks. We observe clear peak positions at 915, 975, 

1251, 1425, 1480, and 1590 cm-1, all related to different MA+ cation motions as indicated in the 

work reported by Wang et al.24 For example, the 915 cm-1 peak is due to CH3NH3
+ rocking and 
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the 975 cm-1 peak is due to C-N stretching. The values of these peaks are in close agreement with 

reported Raman spectroscopy for single crystalline MAPbBr3.28-30 

 

Figure 2. Raman spectroscopy for 98%-based and high purity single crystalline MAPbBr3 from 
(a) 750-2000 cm-1 and (b) normalized spectra from 1400-1700 cm-1. (blue shading in 2a shows 
area of interest for 2b)

To make a direct comparison between the low and high purity single crystal MAPbBr3 samples, 

we normalized the Raman spectra and decreased the plotted shift range to the blue shaded region 

from Figure 2a, shown in Figure 2b. Figure S1 and Table S1 provide a quantitative analysis on the 

peak fitting for Raman spectroscopy to further examine changes between high and low purity 

crystals. The largest deviations occur in peak area, possibly indicating more disorder in the low 

purity samples. However, the peak positions are nearly identical, showing that the MA+ cation 

motions were identical in each sample. Slight shifts in peak positions and widths, correlated to 

vibrational lifetimes, from reported values may arise from changes in sample crystallinity and 

defect composition. Therefore, due to the lack of any significant deviations when using lower 

purity precursor material, it is proposed that no large impurities are incorporated into the crystal 

structure that would alter the local environment of the organic framework. In Figure 2a, there is a 

slight difference observed, where the high purity sample has a slightly higher intensity for each 
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peak. From XRD and Raman spectroscopy, we show that using low purity precursor materials 

instead of higher purity precursor materials does not introduce any local or long range structural 

deviations correlated to the incorporation of impurities in single crystalline MAPbBr3; however, 

using high precursors shows to have small effects on the long-range order of crystallites in the 

sample. 

Figure 3. SEM images of (a,b) low purity MAPbBr3 single crystals as-grown and (c,d) high purity 
MAPbBr3 single crystals as-grown.

SEM (Scanning Electron Microscopy) images are shown in Figure 3 to further investigate the 

microstructural differences between low and high purity MAPbBr3 single crystals. The growth of 

MAPbBr3 single crystals was directly studied by Chen, F., et al., where they experimentally show 

how crystallites align together in a highly-textured orientation to form the final cubic single 
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crystal.31 Further evidence is shown for this growth mechanism on the surface of the crystals, 

where square-like formations are observed as individual crystallites via SEM. Because solution-

based growth of MAPbBr3 forms single crystals through highly textured alignment of crystallites, 

it is important to understand impurity effects during growth, as impurities are able to act as 

nucleation sites, causing disorder in the alignment of crystallites.32 In Figures 3a and 3b, the surface 

of the low purity sample is pictured. Here, it is important to note that the majority of the surface 

texture consists of crystallite boundaries on average of about 20-50 μm. Also, when the region of 

interest of Figure 3a is zoomed in, (as shown in Figure 3b) there are regions in the structure of 

even smaller crystallite boundaries ranging from approximately 200 nm to 2 μm. Therefore, it is 

observed that a high amount of nucleation occurs with a lower amount of continual crystal growth 

in the crystallites, correlated to the presence of defect centers introduced by impurities from the 

lower purity precursors. The SEM images of the high purity sample, shown in Figure 3c and 3d, 

show much larger crystallite sizes with an average of about 100 μm. When zoomed in, (as shown 

in Figure 3d) there are no regions of smaller, disordered crystallites, as seen in the low purity 

samples, and the average crystallite sizes are bigger than those of the low purity sample. This 

mixture of reduction in the size of the larger micron-sized crystallites and the presence of nano-

sized crystallites give rise to the peak changes observed between high purity and low purity 

samples in XRD characterization. The decrease in crystallite size decreases the intensity of the 

diffracted X-rays and the presence of nano-sized crystallites leads to the Lorentzian broadening 

observed on the tails of the diffraction peaks. The disordered crystallites also give rise to more 

crystallite boundaries, which can act as trapping sites, adversely affecting electronic properties of 

the single crystal.
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EDS (Figure S2) and ToF-SIMS (Figure S3) were used to ensure that the chemical composition 

remained homogenous throughout the surface of each sample despite the disorder and crystallite 

size of each region. EDS shows that the Pb to Br ratio was constant at a 1:3 ratio for both low and 

high purity samples regardless of the region of interest. ToF-SIMS also identifies a large peak for 

the methylammonium cation for both low and high purity crystals. This indicates that homogeneity 

of MAPbBr3 is retained from small disordered crystallites to larger crystallite regions. Here, it is 

proposed that the changes in disorder of crystallites are caused by crystal growth in the presence 

of impurities. Although it is shown that impurities are not readily incorporated into the crystal 

structure, SEM shows that microstructural crystallite size and disorder changes when using low 

and high purity precursors. Using low purity precursors introduces more impurities in solution, 

which can act as nucleation sites.32,33 Therefore, in low purity samples, it is observed that a higher 

rate of nucleation happens with a lower amount of contiguous crystal growth, while high purity 

samples have less nucleation and more crystal growth. Following these evaluations, we 

investigated the effect of precursor purity on the optical dynamics and electronic properties of 

single crystalline MAPbBr3.
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Figure 4. Normalized TRPL for MAPbBr3 single crystals grown with low purity and high purity 
precursors.

Using time-resolved photoluminescence (TRPL), we investigated the optical dynamics in 

MAPbBr3 single crystals grown with high and low purity precursors to study the carrier diffusion 

and recombination processes, shown in Figure 4.34 A 370 nm nanoLED source was used for 

photoexcitation to probe the near-surface region of the samples.35 For reproducibility of these 

measurements, three high purity and three low purity samples were measured and the average 

photogenerated carrier lifetime was calculated among the devices. For low purity, we calculated 

the average charge carrier lifetime as , and for high purity, 𝜏𝑎𝑣𝑔 = (1.26 ± 0.36) ×  10 ―6 𝑠 𝜏𝑎𝑣𝑔 =

. By comparing the average carrier lifetime, we gain valuable (1.18 ± 0.12) ×  10 ―4 𝑠

understanding on the carrier recombination process in the near-surface region, which directly 

affects carrier diffusion length. The high purity samples showed an increase of τavg by two orders 
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of magnitude, indicating less nonradiative recombination and charge carrier trapping in the high 

purity samples.35 We attribute this increase in carrier lifetime to the increase in crystallite size and 

texture observed in the high purity single crystals. In the low purity samples, the smaller, 

disordered crystallite regions may act as recombination centers, introducing traps that reduce 

carrier lifetime and diffusion length in the single crystal. Meanwhile, we propose the larger, more 

textured crystallites in the high purity samples reduce the probability of nonradiative 

recombination and charge carrier trapping. Increasing the charge carrier lifetime is crucial for 

sensing and optoelectronic devices, where low trap-state density and long diffusion lengths are 

among the essential properties for efficient device performance.13,14 In this perspective, we focus 

on the differences in crystallite boundaries during the growth process. However, deep and shallow 

trapping can also negatively impact the electronic properties. Therefore, in future work, further 

investigation into purity effects on the levels of defects generated due to impurities in precursors 

could provide a deeper understanding on defect generation and energies.

Lastly, the performance in application of single crystalline MAPbBr3, grown with different 

precursor purities, is evaluated by comparing 210Po alpha particle detection. For these 

measurements, the device structure was Cr(60 nm)/MAPbBr3/C60(20 nm)/BCP(8 nm)/Cr(60 nm). 

This device structure is shown schematically in Figure S4a and has been used in previous literature 

for radiation detection.12 All detectors were biased at -50 V on the Cr anode. The 5.3 MeV alpha 

spectra are shown for low purity and high purity-based MAPbBr3 detectors in Figure 5a and Figure 

5b, respectively, and an analysis of the collected results are provided in Table S2.
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Figure 5. 210Po alpha particle spectra collected at a -50 V bias for (a) low purity MAPbBr3 detector 
and (b) high purity MAPbBr3 detector.

The most apparent difference between the low purity and high purity detectors is the larger signal 

amplitude (H0) from the higher purity samples. The average H0 for the low purity and high purity 

detectors was calculated to be 92 ± 16 channels and 166 ± 45 channels, respectively. This 

corresponds to an average increase in signal amplitude by 80.44 ± 12.6%. The average energy 

resolution for the low purity and high purity detectors was calculated to be 18.13 ± 1.79% and 

18.16 ± 7.25%, respectively. Although the average resolution is very similar, the larger standard 

deviation in the low purity samples can be attributed to the regions of nano-sized, disordered 

crystallites causing more microstructural differences between the low purity samples, whereas the 

crystallization of high purity samples is more consistent.

While an increase in signal amplitude, as measured by the multichannel analyzer, is typically 

attributed to a higher charge collection efficiency (CCE), the larger signal intensity could also 

result from an increase in sample mobility. The rise time of a MAPbBr3 detector using low purity 

precursors has shown to exhibit a slow charge collection time, leading to a significant level of 

ballistic deficit.36 As bias was increased across the sample, the increase in charge collection 
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observed was a combination of reduced charge carrier trapping and enhanced signal integrity 

through the amplifier. In this study, ballistic deficit could also play a significant role.

The preamplifier traces were evaluated on an oscilloscope to determine the charge collection time 

of each detector37-39 and remove the ballistic deficit from the preamplifier using a cascade of partial 

deconvolutions.40 The average of the 100 preamplifier traces collected for each low purity and 

high purity detector were aligned using a constant fraction discrimination algorithm in MatlabTM 

and the results are shown in Figure S4. In Equation 1, the integrated charge Vc, deconvolved from 

the single pole of the preamplifier, was determined at each time stamp i, where s is the sampling 

frequency of the oscilloscope, τp is the fall time of the preamplifier, and Vp is the uncorrected 

signal.

                                        (2)𝑉𝑐(𝑖) =  𝑉𝑝(𝑖) +(1 ― 𝑒
―𝑠

𝜏𝑝)∑𝑖 ― 1
𝑗 = 1𝑉𝑝(𝑗)

After deconvolving each of the pulses, it is shown that the high purity detectors collected an 

average of 32 ± 30% more charge at the time stamp corresponding to the maximum amplitude 

observed from the averaged preamplifier traces. We used this time stamp rather than the maximum 

charge observed to remove the effect of the much slower detrapped charge that manifests itself on 

the decaying tail of the preamplifier trace. 

In addition, each of the low purity detectors has a signal rise that suggests there are multiple charge 

transport components involved during the primary signal rise. After a fast-initial rise, the slope of 

the rise decreases between 20 and 25 microseconds. We attribute this slow component of the rise 

time to charge trapping and detrapping. The high purity detectors do not show this same trapping 

behavior. In Table S2, drift mobility is calculated to compare three high purity and three low purity 

detectors. Assuming a flat electric field profile,  may be used to calculate the |𝜈|𝑑𝑟𝑖𝑓𝑡 =  𝜇|𝐸|
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mobility, where  is the observed 10% to 90% rise time from the averaged preamplifier |𝜈|𝑑𝑟𝑖𝑓𝑡

traces. The average hole drift mobility for the high purity detectors was found to be 17.5 ± 1.9 

, and the hole drift mobility for the low purity detectors was 16.7 ± 1.9 . While 𝑐𝑚2

𝑉 ∗ 𝑠
𝑐𝑚2

𝑉 ∗ 𝑠

the difference in the hole mobility between the low purity and high purity samples helps explain 

the effect of potential error in evaluating the results if ballistic deficit is not taken into account, the 

larger average signal amplitude from the high purity samples clearly indicates that there is a 

reduction in charge trapping during the primary drift, enhancing charge collection.  Although the 

energy resolution of the device did not increase using high purity precursors, the increase in CCE 

is a critical characteristic in efficient radiation sensing devices. By maximizing the CCE, the 

signal-to-noise ratio increases and enables sensing of lower energy X-rays and gamma rays that 

interact throughout the bulk of the MAPbBr3 single crystals. 
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CONCLUSIONS

In summary, the effects of precursor purity on single crystalline MAPbBr3 solution-based growth 

were deeply investigated. Although it is shown that impurities are not incorporated into the final 

crystal structure, impurities do alter the microstructure by acting as nucleation sites, which are 

shown to inhibit larger grain growth and alignment by increasing the amount and reducing the size 

of crystallites in the single crystal. We found that using high purity precursors increased the size 

of crystallites, yielding a higher photogenerated charge carrier lifetime by two orders of magnitude. 

The increase in carrier lifetime indicates a lower probability of nonradiative recombination and 

charge carrier trapping, thereby increasing the diffusion length of charge carriers due to less trap 

states at crystallite boundaries in the near-surface region. Further, through alpha particle sensing, 

the impact of precursor purity is evident on the charge transfer properties, where crystal growth 

using higher purity precursors yields higher charge collection efficiency. Therefore, we propose 

that although impurities are not incorporated into the final crystal structure in solution-based 

growth, the presence of impurities during the growth clearly affects the quality of single crystalline 

MAPbBr3 via crystallite boundaries, negatively affecting electronic properties and decreasing 

device performance.  In this perspective, we demonstrate the use of high purity precursors to 

enhance charge transfer properties towards developing efficient high energy radiation sensors and 

optoelectronic devices.
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