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A B S T R A C T   

The surface modification of CsPbBr3 perovskite provides an effective way of defect passivation for device ap-
plications. In this work, Camphor sulfonic acid (CSA) was used to modify the surface of CsPbBr3 microcrystals 
(MCs) and helped in enhancement of Photoluminescence (PL) emission, photoresponse, and photodetectivity. We 
fabricated the perovskite FTO/c-TiO2/CsPbBr3-CSA/Carbon composite self-powered photodetector. The device 
exhibited higher photo responsivity and detectivity of 1.523 mA/W and 2.1454 × 109 Jones, respectively, under 
white light with excellent stability on high ON/OFF cycles.   

1. Introduction 

Recently, organic–inorganic halide based perovskite materials with 
an ABX3 structure emerged in optoelectronic applications as solar en-
ergy materials which includes solar cell, photodetectors, and light 
emitting diodes [1,2]. Particularly, in photodetectors it has advantages 
of high optical absorption, long photon-generated charge carrier with 
high mobility, and readily synthesis methods [3–5]. However, the 
recombination of the photo-generated charge carriers (electron and 
hole) limits the performance of perovskite photodetectors. There have 
been many attempts made by the researchers to improve the perfor-
mance of photodetectors such as heterostructure and additive modifi-
cation[6–9]. Though the inorganic perovskite active layer of the 
photodetector is prepared by simple solution-processed method, it re-
quires expensive electrode with complex preparation method and high 
energy. Recently, researchers attempted to reduce the cost of the 
photodetector by using carbon materials based electrodes [10–12]. The 
surface modification of halide based perovskite materials provides 
increased absorption of photons and extraction of charge carriers which 
can enhance the performance of photodetectors [13,14]. The presence of 
defects on the surface of CsPbX3 microcrystals (MCs) causes charge 
carrier recombination and reduced performance of photodetector [15]. 
The surface modification treatment is effectively utilized for passivation 

of surface defects of CsPbX3 perovskites by introducing ligands during 
synthesis or post-treatment process [16,17]. 

In this work, camphor sulfonic acid (CSA) was used the first time to 
modify the surface of CsPbBr3 perovskite MCs. Binding of the sulfonic 
acid group with uncoordinated Pb2+ on the surface of the CsPbBr3 MCs 
can increase the photo-emission and stability of CsPbBr3 perovskites. As 
a result, the surface modification of CsPbBr3 MCs with camphor sulfonic 
acid enhances the photoresponse and stability. 

2. Experimental methods 

The perovskite CsPbBr3 MCs were prepared by dissolving 0.3 mmol 
of CsBr and PbBr2 in 20 mL of DMF solvent under constant stirring. 
Then, the solution was injected into the 20 mL of toluene containing 
beaker under vigorous stirring. Immediately, a yellowish colloidal so-
lution formed which indicates the formation of CsPbBr3 microcrystals. 
The procedure was repeated for the preparation of surface modified 
CsPbBr3 MCs by adding the Camphor sulfonic acid (CAS) to 0.3 mmol of 
CsBr/DMF solution. It was observed that CSA modified colloidal solution 
exhibited enhanced green emission than unmodified solution under UV 
light irradiation. Finally, the colloidal solutions were centrifuged at 
3000 rpm for 10 min and collected precipitates of MCs were dried. The 
perovskite CsPbBr3/Carbon and CsPbBr3-CSA 20 wt%/Carbon 
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Fig. 1. (a) FTIR spectra, (b) XRD pattern (inset-splitting of the peak at 30◦), (c) UV–Visible and PL emission spectra of diluted CsPbBr3 & CsPbBr3-CSA MCs dispersion 
(inset-image under UV light), and (d) Kubelka-Munk plot of CsPbBr3 and CsPbBr3-CSA MCs. 

Fig. 2. (a). FE-SEM image of CsPbBr3 and (b). CsPbBr3/CSA/Carbon composite.  
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composites devices were fabricated according to the reported method 
[3]. 

3. Results and discussion 

FTIR spectroscopic analysis was conducted using Bruker Alpha-II 
FTIR spectrometer to confirm the binding of aromatic sulfonic acid 
with CsPbBr3 microcrystal. Fig. 1(a) shows the FTIR spectra of both 
samples. The absorption peaks at 1367 cm− 1, 3038 cm− 1, 1653 cm− 1 

and 745 cm− 1 attributed to S = O, O–H, C = O stretching bands and C–H 
in-plane bending vibration which confirm the presence of sulfonic acid. 
Absorption peaks at 1535 cm− 1 and 652 cm− 1 corresponds to aromatic 
ring and metal halide stretching. The existence of characteristic peaks of 
aromatic ring and sulfonyl group confirms the successful modification of 

CsPbBr3 with CSA. 
Fig. 1(b) shows the XRD pattern that performed by Rigaku-Ultima-4 

X-ray diffractometer (Cu Kα radiation, λ = 1.54 Å). It confirms that both 
CsPbBr3 and CsPbBr3-CSA MCs are cubic in structure (JCPDS 74–2251). 
The prominent diffraction peak in the vicinity of 30◦ (200) splits into 
two diffraction peaks of (040) and (202), which corresponds to the 
orthorhombic phase in both CsPbBr3 and CsPbBr3-CSA MCs [7]. 

Fig. 1(c) shows the UV–Visible absorption and PL spectra which were 
recorded using Shimadzu 2600 UV–Visible spectrophotometer and 
spectrofluorophotometer (RF-6000 Spectrofluorophotometer, Shi-
madzu), respectively by diluting the 0.1 mL reaction product in 5 mL 
solvent. The absorption peaks at 516 nm were observed and there is no 
shift in the absorption peak of CsPbBr3-CSA MCs compared to CsPbBr3 
MCs. The PL emission spectra show peaks at 531 nm for the excitation 

Fig. 3. (a). Schematic diagram of the fabricated Photodetector device, I-V curve of (b) carbon (carbon + Graphite) matrix, (c) CsPbBr3/carbon, (d) CsPbBr3-CSA/ 
carbon, (e). I-t curve, and (f) Rise and decay time (inset-CsPbBr3/Carbon) of Photodetector devices. 
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wavelength (FWHM = 21–24 nm) for both CsPbBr3 and CsPbBr3-CSA 
MCs. The PL emission intensity is significantly increased CsPbBr3-CSA 
compared to CsPbBr3 MCs. Further, a photographic image of CsPbBr3 
and CsPbBr3-CSA MCs colloidal dispersions under UV irradiation (S1) is 
shown as inset in Fig. 1c. It shows that CsPbBr3-CSA colloidal dispersions 
is greener and stable even after 5 days than CsPbBr3. The higher stability 
may be due to the coordination ability of aromatic camphor sulfonic 
acid with Pb2+ which results in the passivation of the surface of CsPbBr3 
MCs. The band gap energy is determined by the Kubelka–Munk plot 
(Fig. 1(d)) [18]. The estimated band gap, Eg = 2.304 and 2.308 eV 
correspond to CsPbBr3 and CsPbBr3-CSA MCs respectively. The corre-
sponding UV–Visible diffuse reflectance spectrum (by V-750 JASCO 
UV–VIS spectrophotometer) is given in supplementary information (S2). 

The surface morphology of CsPbBr3 MCs and CsPbBr3-CSA/C com-
posite was analyzed from field emission scanning electron microscopic 
(FE-SEM - Zeiss Merlin Compact instrument) images (Fig. 2). The 
average size of the formed crystals is in the range from 500 nm to 10 μm. 
Fig. 2(b) shows the surface morphology of CsPbBr3-CSA MCs reinforced 
carbon composite and the CsPbBr3-CSA MCs are well embedded in the 
carbon (carbon + graphite) matrix. Elemental mapping and EDAX table 
of CsPbBr3-CSA MCs are given in supplementary information (S3). 

The schematic of the fabricated carbon based CsPbBr3 perovskite 
photodetector device is shown in Fig. 3(a). The current–voltage (I-V) 
characteristics were recorded using a white light source with a keith-
ley2450 instrument under dark and LED light illumination (100 mW/ 
cm2) for the sweep voltage of − 1 to 1 V. Fig. 3(b, c) shows the I-V curves 
of CsPbBr3/C composite photodetector and there is an increase in 
photocurrent for CsPbBr3-CSA/C (Fig. 3(d)). 

The photo-response of the devices was measured under white light 
by toggling the light on and off cycle for 5 s. The perovskite CsPbBr3 MCs 
reinforced carbon (C) composite harvests efficient charges and behaves 
as a self-powered visible light Photodetector. At zero bias voltage (Fig. 3 
(e, f)), the achieved maximum photocurrent was ~6 μA for CsPbBr3- 
CSA/C whereas CsPbBr3/C attained ~3 μA. I-t curves (S4) at 50 mW/ 
cm2 light intensity are shown in S5. From the recorded photo-response, 
the rise & decay time were calculated and given in Table 1. This shows 
that CsPbBr3-CSA/C device possesses higher stability and excellent 
photo-response compared to CsPbBr3/C device due to the surface 
passivation of CSA on CsPbBr3 microcrystals. The higher responsivity of 
1.523 mA/W and high detectivity of 2.14 × 109 Jones was achieved for 
CsPbBr3-CSA/C (Table 1) for 100 mW/cm2 white light intensity. This is 
comparably higher than the reported white light based photodetector 
shown in Table 1. 

4. Conclusion 

In summary, the current work describes the fabrication of surface 
modified CsPbBr3 perovskite based carbon composite photodetector by 
low-cost and simple preparation method. The camphor sulfonic acid 
(CSA) was used for the defect passivation of CsPbBr3 perovskite micro-
crystals surface. The presence of CSA was confirmed by FTIR and EDX 
analysis. Under the light intensity of 100 mW/cm2 white light irradia-
tion, the fabricated self-powered photodetector showed higher respon-
sivity (R) of 1.523 mA/W and detectivity (D) of 2.14 × 109 Jones. This 

provides feasible application of surface modification on perovskite 
material based photodetectors. 
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