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Engineering the surface at the rear interface between the perovskite and the hole transporting material is of paramount importance to minimize nonradiative losses. We report the use of N-bromosuccinimide (NBS), as an interfacial alleviator to influence crystallization of the perovskite and defect passivation. The NBS treatment promotes enhanced charge extraction and improved photovoltaic performance. Thus, formed perovskite layers exhibit grain size increments and lowered trap density. An improved device performance was noted with an optimized concentration of 0.5% NBS as compared to pristine perovskite due to the increment in open circuit voltage and short circuit current density. The coordination of bromide influences the crystal lattice as shown by polarization-modulated-infrared reflection-absorption spectroscopy, which in turn may influence charge transport and interfacial properties.

meso-TiO 2 /(MAPbBr 3 ) 0.15 (FAPbI 3 ) 0.85 /NBS/Spiro-OMe-TAD/Ag. The oxidation of NBS with isopropyl alcohol released HBr, [START_REF] Venkatasubramanian | Mechanism of Oxidation of Alcohols with N-Bromo Succinimide[END_REF] which further assists improvement in stability and charge transport properties by reducing the carrier recombination rates and V oc improvement at an optimized concentration that is attributed to Br -/I -exchange in the perovskite layer. The NBS treatment led to an increase in the built-in potential and yielded higher V oc . The grain size increases through Oswald ripening [START_REF] Yang | Facile Fabrication of Large-Grain CH 3 NH 3 PbI 3-x Br x Films for High-Efficiency Solar Cells via CH 3 NH 3 Br-selective Ostwald Ripening[END_REF][START_REF] Pham | Guanidinium Thiocyanate Selective Ostwald Ripening Induced Large Grain for High Performance Perovskite Solar Cells[END_REF] during annealing, which reduces the grain boundaries and lowers the trap density. Thus, an increase in PCE (18.12%) with a V oc of 1130 The increased proportion of bromide in the material was 129 evidenced spectroscopically. The inclusion of bromide ion 130 from NBS and halide exchange can act as a driving force for 131 efficient charge carrier extraction and can also contribute to the 132 device's stability. [START_REF] Kiermasch | Improved Charge Carrier Lifetime in Planar Perovskite Solar Cells By Bromine Doping[END_REF] Furthermore, improved-quality perovskite 133 microstructures are formed by virtue of rate constant 134 decrement, which favors large crystal and homogeneous layer 135 formation. [START_REF] Jaysankar | Crystallisation Dynamics in Wide-Bandgap Perovskite Films[END_REF] Arguably, this stems from lower activation energy 136 for grain boundary mobility that promotes grain growth and 137 leads to enlarged grains in the perovskite layer. [START_REF] Haris | Low-Temperature-Processed Perovskite Solar Cells Fabricated from Presynthesized CsFAPbI 3 Powder[END_REF] (Scheme S1). Figure 2A shows the absorption spectra of pure perovskite and NBS treated films exhibiting an excitonic peak at 750 nm.

It can be deduced from spectra (Figure 2A) that the NBS treated perovskite layer exhibits the highest absorption in the range of 550-800 nm up to a certain concentration (0.3% and 0.5% NBS). The 0.5% NBS treatment showed the highest absorbance intensity due to improved crystallinity, which is also supported by the J sc for 0.5% NBS treated PSCs. The 1% NBS treated films exhibit relatively lower absorbance in the range of 550-800 nm because of a relatively higher amount of PbI 2 as reflected by X-ray diffractograms (Figure 2C) and is in accordance with its J sc in PSCs.

To substantiate the influence of NBS on the interfacial properties, we performed steady state PL measurements on quartz substrates using 450 nm excitation from the back side (Figure 2B). The pristine perovskite exhibits an emission peak at 768 nm, which slightly red shifts to 3 nm in the case of 0.5% and 5 nm in the case of 1% treated NBS respectively. For the 1% case, the PL curve shifts slightly to longer wavelengths and attains a maximum PL intensity similar to that of pristine PSK.

A slight red shift of 3-5 nm of the PL peak may be due to the presence of PbI 2 , which is formed postannealing of the NBS treatment on the perovskite surface during the I/Br exchange. [START_REF] Xie | Revealing the Crystallization Process and Realizing Uniform 1.8 eV MA-Based Wide-Bandgap Mixed-Halide Perovskites via Solution Engineering[END_REF][START_REF] Belisle | Impact of Surfaces on Photoinduced Halide Segregation in Mixed-Halide Perovskites[END_REF][START_REF] Bi | Unraveling the Effect of PbI 2 Concentration on Charge Recombination Kinetics in Perovskite Solar Cells[END_REF] Passivated perovskites show gradual reduction in the PL intensity for 0.3% and 0.5% NBS, attributed to the passivated trap states on the surface or to the grain boundaries. [START_REF] Salado | Interface Engineering by Thiazolium Iodide Passivation Towards Reduced Thermal Diffusion and Performance Improvement in Perovskite Solar Cells[END_REF] The reduction in the PL intensity indicates that the charge carrier extractions at interfaces were enhanced by the certain amount of NBS and it assists in photogenerated holes extraction from the perovskite to the hole transporting layer. The reduced PL intensity favors the good PV properties and exhibits the same tendency as the PV performance for 0.3% and 0.5% NBS treated device.

The valence band energy of the PbI 2 (-5.79 eV), which is around 140 meV lower than that of mixed perovskite (-5.65 eV) facilitating hole transfer, was signaled by the accelerating hole quenching and also supported by high J sc values for 0.3 and 0.5% NBS treated PSCs. Further, the value of shunt resistance (R sh ), which is the measure of charge recombination in solar cells, suggests reduced recombination after NBS perovskite with pristine perovskite (12.90°). The shift of PbX 2 peak toward higher angle ascribes to the formation of lead bromide, compared to the iodide-based domain.

This coordination behavior with Pb 2+ could be also deciphered by the XPS spectra of Pb. The high intensity peak of perovskite (14.34°) in the 1% NBS treated films was noted, suggesting it retains the perovskite cubic structure.

The NBS treatment induces modifications in the crystallinity of the material which are evidenced by the changes in the vibrational spectra, grain size, and, ultimately, in the electronic characteristics and overall performance of the devices. We follow the change in the vibrational signature of the material upon NBS treatment through PM-IRRAS spectroscopy. PM-IRRAS has been previously shown to be well adapted to collecting the vibrational spectrum of hybrid perovskite materials and possess sufficient sensitivity to detect the presence of even single molecular layers. 27,[START_REF] Sadhu | Unexpected Surface Interactions between Fluorocarbons and Hybrid Organic Inorganic Perovskites Evidenced by PM-IRRAS and Their Application Towards Tuning the Surface Potential[END_REF] The samples are deposited by spin coating the precursor solution onto goldcoated glass substrates for PM-IRRAS. The PM-IRRAS f3 spectrum of the pristine PSK is shown in Figure 3A along with the assignment of the most important bands. [START_REF] Kucharska | Vibrational Properties and DFT Calculations of Formamidine-Templated Co and Fe formates[END_REF][START_REF] Bakulin | Real-Time Observation of Organic Cation Reorientation in Methylammonium Lead Iodide Perovskites[END_REF] The NBS treatment results in significant changes in the spectrum, even for the low NBS concentrations, 0.02% and 0.2% NBS The absence of clear signals attributable to the presence of 234 NBS on the material's surface is evidence that it underwent a 235 chemical transformation during the deposition or subsequent 236 annealing step. Signals ascribed to the possible byproducts, 237 such as succinimide or N-hydroxysuccinimide, are also absent. 238 Instead, we observe a decrease in the δ s (NH 3 + ) signal assigned 239 to perovskite containing methylammonium (MA) iodide and 240 an increase of the δ s (NH 3 + ) signal assigned to perovskite 241 containing MA bromide. The two signals are close in energy 242 (1470 and 1458 cm -1 , respectively) but clearly distinguishable 243 when compared to the pristine PSK. On the basis of these 244 observations, we conclude that the deposition of NBS results in 245 the incorporation of additional bromide ions into the material. 246 In the cases of the 0.2 and 1% samples, the increase in intensity 247 of the FA bands is significant (+15% and +82%, respectively) 248 and suggests a more substantial modification of the material's 249 crystallinity or to a change in the polarizability of the material. 250 Furthermore, we note that the 1% (highest concentration) 251 treated NBS sample also is evidence of a slow chemical 252 alteration, leading to the appearance of bromomethane 253 (CH 3 Br) signals (antisymmetric stretching vibration at 2964 254 cm -1 and symmetric bending vibration at 1264 cm -1 ) over the 255 course of several days (Figure S1). These signals are 256 accompanied by the associated grow-in of signals which can be attributed to ammonia at ca. 1100 cm -1 , thereby indicating that the excess bromide ions introduced by the NBS treatment may be involved in an S N 2 reaction with the MA + cations of the material to form CH 3 Br and NH 3 .

We probed the role of NBS by means of XPS measurements f4 (Figure 4), and the narrow scan survey is presented in Figure 4A. The comparison of the core level peaks of C and Br attributing the surface elemental properties of the pristine PSK as well as the NBS treated ones are shown (Figure 4B-F). The C 1s spectra were compared and the peak at the lower binding energy (284.6 eV) (Figure 4B-E) is related to C-C and C-H bonds. The C-N peak of FA and MA components have their binding energy at around 286.4 eV. [START_REF] Zhu | Tailored Amphiphilic Molecular Mitigators for Stable Perovskite S;lar Cells with 23.5% Efficiency[END_REF] The peak at higher binding energy, 288.3 eV, is related to CNH 2 + of the organic cations. On treatment with NBS, the enhancement of the peak area at 288.3 eV at higher concentration signals overall chemical transformation or the crystallinity achieved due to the annealing step after NBS deposition. We also note an increase in the area of corresponding C 1s peak with the higher concentration of NBS treatment (Table S2). In the Br 3d spectra (Figure 4F), the binding energies of Br 3d3 and Br 3d5 peaks are 69.4 and 68.4 eV, respectively. [START_REF] Gao | Stable and High-Efficiency Methylammonium-Free Perovskite Solar Cells[END_REF] The increase in intensity of the Br 3d peak, suggests the role of NBS, and in NBS treated PSK, a shift of 0.4 eV (Br 3d) occurs with respect to pristine PSK, attributed to the exchange of bromide with the f5 iodide ions. In the Pb 4f spectra (Figure 5A), 0.5% NBS shows a peak shifting to higher binding energy with 0.2 eV as compared to pristine PSK. [START_REF] Gao | Stable and High-Efficiency Methylammonium-Free Perovskite Solar Cells[END_REF] This we ascribed to the formation of PbX 2 (X = Br -, I -) [START_REF] Singh | Origin of the anomalous Pb-Br bond dynamics in formamidinium lead bromide perovskites[END_REF] as a result of exchange of some of the I -by the excess Br -ions from the NBS; no noticeable shift was noted for 0.3% NBS treatment. For 1% NBS, we observed the Pb 4f peak shifts toward lower binding energy (Figures S2 andS3), due to appropriate coordination between lead cations and halides. [START_REF] Nam | Potassium incorporation for enhanced performance and stability of fully inorganic cesium lead halide perovskite solar cells[END_REF] The evolution of the N 1s peak (Figure 5B) shows a shift of 0.34 eV for the 0.5% NBS compared to pristine PSK (Figures S5-S7). The I 3d peaks (Figure S4) of 0.5% and 1% NBS shifted to higher binding energy, while for the pristine PSK and 0.3% treated NBS it remains unaltered.

The microstructure was examined using scanning electron microscopy (Figure S8), and we noted (Figure S8C,D) enlargement in the grain size of crystals on NBS treatment. We noted the grain size to be ∼274 nm for the pristine case, while for the 0.3%, 0.5%, and 1% NBS treated perovskites, 355, 596, and 841 nm, respectively. The 1% NBS treatment shows grains enlarged to a large extent. [START_REF] Liu | Observing Defect Passivation of the Grain Boundary with 2-Aminoterephthalic Acid for Efficient and Stable Perovskite Solar Cells[END_REF] The typical cross-sectional SEM image of the devices f6 fabricated using 0.5% NBS (Figure 6A) illustrates the thickness of the blocking and mesoporous TiO 2 to 131 nm, the PSK ca. 670 nm, while the hole transport layer (Spiro-OMeTAD) was 152 nm. From the vertical capping of the layers, we noted limited grain boundaries with large crystal size. Goniometry measurements (Figure 6B-E) of the contact angle values for the pristine PSK (average angle, 77 ± 1°) and different concentrations of NBS (average angles: 0.3%, 86 ± 1°; 0.5%, 94 ± 1°; 1%, 95 ± 1°) increase respectively, evidencing the role of NBS in modifying the surface properties and induced hydrophobicity.

The J-V curves of the fabricated PSCs with or without NBS f7t1 treatment are shown (Figure 7A), and results are summarized 316 t1 in Table 1. Pristine PSK gave a PCE of 16.69% (V oc = 1050 317 mV, J sc = 21.15 mA/cm 2 , and FF = 74.69%), while device 318 fabricated with 0.5% NBS outperformed and yielded a PCE of 319 18.12% (Figure 7C). With the increase in NBS concentration 320 up to 0.5%, we note an increment in V oc by 80 mV, ascribed to trend in J-V curve and EQE are in accordance with the optical and XRD measurements.

To correlate the PV performances with the device stability, we measured J at maximum power point tracking (MPPT) for the pristine and 0.5% NBS treated PSCs (Figure 7D). The improved power output was observed for 0.5% NBS treated PSCs, and to test their long-term stability, unencapsulated devices were kept under continuous illumination at 1 sun at room temperature with a relative humidity of 50-60% under 0.8 V. The pristine PSK device lost its initial photocurrent value and retained only around <10% after 20 h of continuous illumination, while the 0.5% NBS treated devices showed an initial drop followed by a much slower decline in the photocurrent value. Shelf life of the pristine PSK and NBS treated devices was examined by storing the unencapsulated PSCs in a box under relative humidity of 40-50% (Figure S11). The PSCs showed an improved trend in stability up to 8 days (Figure S11A). However, at higher NBS concentration the stability decreases gradually after 70 days of storage (Figure S11B).

To unravel the role of NBS on the defect state and high value of shunt resistance achieved, thermal admittance f8 spectroscopy (TAS) was performed (Figure 8A-C). [START_REF] Zheng | Managing grains and interfaces via ligand anchoring enables 22.3%-efficiency inverted perovskite solar cells[END_REF][START_REF] Taukeer Khan | Electrical methods to elucidate charge transport in hybrid perovskites thin films and devices[END_REF] We measured the capacitance-frequency (C-f) curve at room temperature (Figure 8A) and variable temperature (Figure S12A,B); identical behaviors of the capacitance were noted. The plateau in the intermediate frequency (IF) range corresponds to the dielectric relaxation in the perovskites that can be described by the geometrical capacitance per unit area C g = εε 0 /L (ε and ε 0 refer to the dielectric constant and the permittivity of the vacuum, respectively; L is the layer thickness).

The geometrical capacitance is temperature independent. However, the capacitance behavior in the low-frequency (LF) range shows dependency on temperature and is ascribed to the The trap density (N T ) for the device was calculated using 387 the following equations:
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390 where E ω is the demarcation energy and f is the applied angular 391 frequency. The attempt-to-escape frequency (ATEF, ν 0 ) was 392 derived from -fx(dC/df) vs frequency profile (Figure 8B), as 393 reported elsewhere. 25,32 We calculated the build-in potential https://doi.org/10.1021/acsaem.0c02920 ACS Appl. Energy Mater. XXXX, XXX, XXX-XXX G 403 Here, A is the device active area and q is the elementary charge. 404 ε is the dielectric constant of the perovskite, [START_REF] Liu | Observing Defect Passivation of the Grain Boundary with 2-Aminoterephthalic Acid for Efficient and Stable Perovskite Solar Cells[END_REF] which is taken as 405 32, and ε 0 is the permittivity of the vacuum, respectively 406 V bi can be extracted from the intercept at bias axis, and the 407 slope of the straight line gives the impurity of doping density, 408 N.
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409

The width of the depletion junction is related to the 410 capacitance through the relation (5) 412 An improved build-in potential, of 1050 mV for the 0.5% NBS 413 treated case, was extracted at 10 kHz, while pristine PSK-based 414 PSC gave a value of 990 mV (Figure 8C); this increment in V bi 415 resulted in higher V oc for the 0.5% NBS treated device.

εε = W V qN 2 0 bi 411

416

In a similar manner, with the increase in V bi , the depletion 417 width increases from 44 to 52 nm for the 0.5% NBS treated 418 PSC. The depletion width increase will allow improved charge 419 separation at the interface, which in turn will minimizes the 420 recombination. The 0.5% NBS treated PSC (Figure 8D) 421 showed lower trap densities (1.384 × 10 18 eV -1 •cm -3 ) 422 compared to pristine PSCs (1.724 × 10 18 eV -1 •cm -3 ), 423 implying that NBS treatment reduces the overall trap states 424 located above the valence band of the perovskite, and this 425 improves the V oc . The suppressed trap density corresponds to 426 the efficient extraction of the photogenerated charge carrier, 427 mitigating the interfacial charge recombination.

428

The defect energy distribution shows a broad band with a 429 maximum peak at E ω = 0.181 eV for pristine PSK-based PSCs, 430 which shifts to lower energy (0.1799 eV) for 0.5% NBS treated 431 PSCs. We ascribe this to the presence of shallow traps, and it is 432 similar to the value of FAPbI 3 perovskites. 33 Additionally, the 433 typical density of deep traps (>0.25 eV) was also observed in 434 lower frequency regions that show reduction in NBS treated 435 PSCs. These deep defects could be related to the origin of 436 hysteresis and originated due to the polarization of the 437 materials at the interface. 34,[START_REF] Haris | Low-Temperature-Processed Perovskite Solar Cells Fabricated from Presynthesized CsFAPbI 3 Powder[END_REF] 438 ■ EXPERIMENTAL PROCEDURES 439 Device Fabrication. The fluorine doped tin oxide (FTO) coated 440 glasses (TEC15) were used as electrode and were cleaned prior to 441 use, first by ultrasonication (2% Hellmanex water solution for 30 min) 442 followed by rinsing with deionized water, acetone, and isopropanol 443 (IPA) sequentially, and finally the substrates were treated under UV-444 ozone for 30 min for the removal for further residue. A TiO 2 compact 445 layer was deposited on the cleaned FTO substrate via spray pyrolysis 446 at 500 °C using a precursor solution of titanium diisopropoxide 447 bis(acetylacetonate) in anhydrous ethanol (1:19). After the spraying, 448 the substrates were left at 500 °C for 30 min and left to cool to 449 acquire room temperature. Following this, a 150-200 nm of 450 mesoporous TiO 2 layer was deposited by spin coating process; for 451 this a (1:8) TiO 2 paste (Dyesol 30 NR-D) diluted in ethanol for 30 s 452 at 4000 rpm was used. The substrates were dried at 125 °C and then 453 annealed until 500 °C in a four-step temperature ramp and 454 maintained at 500 °C for 30 min to allow transformation of 455 amorphous TiO 2 into an anatase phase. When room temperature is 456 attained, the substrates were treated under UV-ozone for 15 min and 457 transferred to an argon-filled glovebox for perovskite layer deposition. 458 The precursor solution for preparing the mixed perovskite 459 (MAPbBr 3 ) 0.15 (FAPbI 3 ) 0.85 was prepared by dissolving FAI (1 M), 460 PbI 2 (1.2 M), MABr (0.2 M), and PbBr 2 (0.2 M) in anhydrous 4:1 461 DMF:DMSO (v:v). The perovskite solution was spin coated in a two-462 step sequence at 1000 and 6000 rpm for 10 and 30 s, respectively. 463 During the second step, 110 μL of chlorobenzene was dripped as an 464 antisolvent approach on the substrate 5 s prior the end of the spinning process. The perovskite-coated substrates were annealed at 100 °C for 1 h in a glovebox. On acquiring room temperature, the passivation layers (0.3%, 0.5%, and 1% NBS solution in isopropanol) were deposited and annealed at 100 °C for 10 min, respectively. Once it is cooled to room temperature, the hole transport layer was deposited.

Spiro-OMeTAD (70 mM) was prepared by dissolving the corresponding amount of materials in 1 mL of chlorobenzene.

Spiro-OMeTAD was doped by adding bis(trifluoromethylsulfonyl)imide lithium salt (Li-TFSI) and 4-tert-butylpyridine (t-BP) in the molar ratios 0.5 and 3.3, respectively. A 40 μL aliquot of HTM solution was spin-coated atop of the perovskite layer at 4000 rpm for 30 s, in an argon-filled glovebox. To finish the device fabrication, a silver layer of 100 nm as cathode was thermally evaporated under low vacuum (10 -6 Torr). All solutions were prepared inside an argonfilled glovebox with controlled moisture and oxygen conditions (O 2 < 10 ppm; H 2 O < 2 ppm).

Device characterization. The fabricated solar cells figure of merit was measured using current density-voltage curves, recorded with a Keithley 2400 source meter under AM 1.5 G, 100 mW cm 2 illumination from a 450 W AAA solar simulator (ORIEL, 94023 A).

An NREL certified monocrystalline silicon solar cell was used for calibration. A black metal mask (0.16 cm 2 ) was used over the square size active area (0.5 cm 2 ) to reduce the influence of scattered light.

Photovoltaic parameters including J sc , V oc , FF, and PCE were extracted from the J-V curves of the solar cells (scan rate, 100 mV s -1 ; presweep delay, 10 s). EQE measurements were carried out using PM-IRRAS spectra of the mixed perovskites spin coated onto gold substrates (15 × 20 mm 2 ), before and after different NBS treatments (0.02%, 0.2%, and 1%) were recorded on a ThermoNicolet Nexus 670 FTIR spectrometer at a resolution of 4 cm -1 during 4 h acquisition time. All spectra were collected in a controlled dry environment (relative humidity (RH) = 3%) protected from ambient light.

Experiments were performed at an incidence angle of 75°using an external homemade goniometer reflection attachment and adding a ZnSe photoelastic modulator (PEM, Hinds Instruments, type III) after the polarizer. The ATR spectrum of NBS compound was recorded on the same FTIR spectrometer using a Silver-Gate (germanium crystal) ATR accessory (Specac). The ATR spectrum was obtained, at a resolution of 4 cm -1 , by co-adding 500 scans. See Table S1 for peak assignments of the vibrational modes of mixed perovskite.

■ CONCLUSION

To summarize, we report the use of N-bromosuccinimide (NBS) as an interfacial alleviator on the perovskite layer. The employment of NBS reduces bulk and interfacial defects by refilling the grain boundaries and augmenting the crystal growth, beneficial for device application. In contrast to molecular modulators currently used to mitigate such defects form poorly conductive aggregates at the perovskite interface ACS Applied Energy Materials

Figure 1 .

 1 Figure 1. Mixed perovskite (MAPbBr 3 ) 0.15 (FAPbI 3 ) 0.85 with NBS treatment: (A) device architecture of the perovskite used; (B) schematic illustration of pristine PSK and reaction of NBS with isopropyl alcohol during the postannealing treatment.

Figure 2 .

 2 Figure 2. Structural, diffraction, absorption, and emission spectroscopy of the pristine PSK and NBS/PSK layers at varying concentration: (A) UV-visible absorption, (B) photoluminescence spectra, (C) X-ray diffraction patterns of the pristine PSK and with 0.3%, 0.5%, and 1% NBS/PSK, and (D) magnified area of the diffractograms in the low 2θ range (12°-15°).

  f2

Figure 3 .

 3 Figure 3. Differential PM-IRRAS spectra of (A) the pristine PSK before NBS treatment (B) and differential PM-IRRAS spectra following treatment with 0.02 (black spectrum) and 0.2% (orange spectrum) NBS. The ATR spectrum of NBS is shown in green for comparison, along with the reference spectra of MAPbBr 3 (red spectrum) and MAPbI 3 (blue spectrum).

Figure 4 .

 4 Figure 4. X-ray photoelectron spectroscopy (XPS): (A) survey spectra of the pristine PSK and with NBS treatment, (B-E) high-resolution deconvoluted spectra of C 1s peak of various layers, and (F) bromine Br 3d peaks spectra for different samples.

Figure 5 .

 5 Figure 5. XPS survey spectra of the pristine PSK and 0.5% NBS treated PSK: (A) Pb 4f peak; (B) N 1s peak.

Figure 6 .

 6 Figure 6. (A) Cross-sectional SEM image of the fabricated device with 0.5% NBS/PSK. Contact angle measurements for (B) the pristine PSK, (C) 0.3% NBS/PSK, (D) 0.5% NBS/PSK, and (E) 1% NBS/PSK.

  321a reduction in defect-induced recombination. For 0.3% and 322 0.5% NBS-based devices a V oc of 1130 mV was measured, with 323 minute decrement in FF. Our results show an increase in PCE 324 by 8.6% with respect to control devices, and the process can be 325 adopted for fabrication of high-performance devices. For 1% 326 NBS, the device performance is reduced. The enhancement 327 with 0.5% NBS is attributed to the increased V oc and reduced 328 recombination of photogenerated charges at the interface of 329 the perovskite layer, which is reflected also by the large value of 330 the shunt resistance (90.19 kΩ•cm 2 ). The hysteresis index 331 (HI) was calculated for the PSCs with and without NBS 332 treatment (Figure S9). NBS treated devices gave lower HI 333 (0.031) as compared to pristine perovskite (0.11), which we 334 ascribe to improved microstructure. Statistical data (Figure 335 S10) derived from ten individual devices suggest adequate 336 reproducibility. The external quantum efficiencies (EQEs) of 337 the PSCs show (Figure 7B) increment with 0.5% NBS 338 treatment. The improved light harvesting and charge extraction 339 are attributed to the increased absorbance and reduced 340 emission intensity of NBS treated PSK (Figure 2A,B). The

Figure 7 .

 7 Figure 7. (A) Current-voltage characteristics of PSCs with and without NBS treatment under air-mass (AM) 1.5G illumination, (B) corresponding EQE, (C) comparative J-V curves of the pristine PSK and with 0.5% NBS/PSK, and (D) maximum power point tracking for the pristine PSK and 0.5% NBS/PSK devices without encapsulation for 92 h under 1 sun illumination at ambient condition.

  376 interfacial properties of the device. The increment in the 377 capacitance in the LF range at higher temperature signals 378 higher charge accumulation at the interface, consequently 379 lower charge extraction and higher capacitance build-up at the 380 perovskite/HTL interface. 60,61 The capacitance build-up is 381 lower for NBS treated devices, suggesting improved charge 382 extraction (Figure 8A). Upon NBS treatment, the trap carriers 383 located at the interface gain sufficient energy and migrate from 384 the interface to the respective charge selective layers, and the 385 modified interface avoids charge accumulation.

  386

394(

  V bi ) and depletion layer width (W) from C 2--V plots (Figure 395 8C) by performing Mott-Schottky analysis. 396 According to the depletion approximation the width (of fully ionized defect states (N) and V bi are 400 related to the capacitance C through the Mott-Schottky 401 relation:

Figure 8 .

 8 Figure 8. Thermal admittance spectroscopy of pristine PSK and NBS treated devices: (A) capacitance as a function of frequency at room temperature (298.15 K) for the pristine PSK and with 0.5% NBS, (B) plots showing the f × dC/df vs frequency at room temperature, (C) Mott-Schottky plot for the pristine PSK and with 0.5% NBS/PSK, and (D) trap density of states (N T ) of the devices at 298.15 K.

  a 150 W xenon lamp attached to with Bentham PVE300 motorized 1/ 4 m monochromator as the light source. Thin Film Characterization. The morphology of the surface with and without the passivation layer were examined by the scanning electron microscope (SEM). The thin films were prepared on quartz substrate by spin coating for structural characterization; thin films w e r e p r e p a r e d b y s p i n c o a t i n g o f p r i s t i n e {(MAPbBr 3 ) 0.85 (FAPbI 3 ) 0.15 } and (0.3%, 0.5%, or 1%) concentration NBS/PSK treatment. X-ray diffractograms were recorded using the D8 Advance diffractometer from Bruker (Bragg-Bretanto geometry, with an X-ray tube Cu Kα, λ = 1.5406 Å). A scan of 5-10°was selected with an acquisition time of 1°/min. The absorption spectra were measured under UV-vis-IR spectrophotometer (Varian Cary 50 UV/vis Spectrophotometer). Photoluminescence (PL) steady state measurements were recorded with a spectrophotometer (PerkinElmer Instrument LS55). X-ray photoluminescence spectroscopy (XPS) was carried out on a SPECS system (Berlin, Germany) equipped with a Phoibos 150 1D-DLD analyzer with monochromator Al Kα radiation (1486.7 eV).

Table 1 .

 1 PSCs Photovoltaics Parameters for Pristine and NBS Treated Perovskites

	PSK	1056	21.15	74.69	16.69	4.24	4.47
	0.3% NBS/PSK	1132	21.33	71.99	17.39	4.63	40.97
	0.5% NBS/PSK	1136	22.18	71.90	18.12	4.19	90.19
	1% NBS/PSK	1104	21.02	71.76	16.65	4.97	7.87

sample

V oc (mV)

J sc (mA/cm 2 ) FF (%) PCE (%) R s (Ω•cm 2 ) R sh (kΩ•cm 2 )
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