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Abstract 

Silicates and halides have long been recognized as effective luminescent materials, each with distinct advantages and disadvantages. 

Silicates are stable but require higher synthesis temperatures, while halides are more suitable for applications like optically stimulated 

luminescence and scintillation due to their lower melting points and the importance of defects and colour centres. However, most 

halides, except for fluorides, are quite hygroscopic, which can affect their stability in ambient conditions and necessitate protective 

measures. Sillen structure lattices present a promising alternative, as they can be synthesized at significantly lower temperatures than 

silicates and are less hygroscopic than their halide counterparts. Despite their potential, research on sillen structure has not been as 

extensive as that on silicates and halides. This review aims to summarize existing studies on the synthesis, crystal structures, and 

luminescence of various Sillen structure chloride phases, encouraging further research in this area. 
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Introduction 

Halides are extremely effective luminous materials that are 

commonly employed in optically stimulated luminescence 

(OSL), thermoluminescence (TL), and scintillation due to 

their ability to generate defects, colour centres, and 

excitons. Halides have a low melting point, which provides 

advantages; nonetheless, their hygroscopic nature, with the 

exception of fluorides, necessitates preventive measures for 

stability under ambient settings [1].  

Chloride-based phosphors, which are a subgroup of halides, 

are gaining popularity due to their distinct optical features 

and versatility. They have uses in lighting, high-

performance displays, radiation detection (for example, 

PET scans), dosimetry, and sophisticated technologies like 

quantum dots and nanophotonics. Their low synthesis 

temperatures enable devices that are both energy efficient 

and sustainable. However, their hygroscopic nature restricts 

their use in humid situations, prompting further study to 

increase stability and widen applications [1-3]. 

Sillen bismuth-based oxyhalides, first reported in 1941 [1], 

are renowned for their catalytic characteristics [2, 3, 11, 12], 

unusual crystal structures [13-18], and Bi3+ luminescence 

[4-10]. Compounds like SrBiO2Cl, BaBiO2Cl, and 

CaBiO2Cl display photoluminescence and 

radioluminescence, making them suitable for advanced 

applications. The Sillen X1 series (ABi³⁺O2X; A = Cd, Ca, 

Sr, Ba, Pb; X = Cl, Br, I) has three primary crystallographic 

forms: tetragonal (I4/mmm), orthorhombic (Cmcm), and 

monoclinic (P21/m) [19], making it valuable for efficient 

and creative luminous materials. 

Sillen structures have various advantages, although they 

have not been investigated as thoroughly as silicates and 

halides. This lack of research has left gap in our 

understanding of their synthesis methods, crystal structures, 

and luminous characteristics. This review examines current 

knowledge on Sillen structure chloride phases, with a focus 

on their synthesis, crystal characteristics, and luminous 

activity. By summarizing these findings, the study aims to 

highlight the unexplored potential of these materials and  
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Table 1: Summarizes typical synthesis and Characterization for 

various Bismuth Oxychloride. 

stimulate future research to widen their applications in 

advanced luminous technologies. 

Materials and Methods: Bismuth Based 

Oxyhalides 

1. Barium Bismuth Oxychloride (BaBiO2Cl) 

Several researchers studied BaBiO2Cl using solid-state 

methods, commonly heating BaCO3 and BiOCl at 

temperatures ranging from 700-800 °C [20-25]. X-ray 

diffraction (XRD) investigation indicated that the 

compound had an orthorhombic structure with the Cmcm 

space group, and doping was discovered to maintain phase 

purity [21, 23, 25]. SEM images show that pure BaBiO2Cl 

is made up of layer-stacked nanoplates, while doped 

samples have more irregular morphologies [21, 23]. Optical 

studies revealed bandgaps ranging from 2.53 eV to 3.71 eV, 

with doping improving light absorption and photocatalytic 

activity [21–25]. Photoluminescence (PL) studies revealed 

strong emissions and red upconversion luminescence in 

doped samples, while the intensity reduced with increasing 

temperature [20, 23, 24]. These findings demonstrate the 

potential of BaBiO2Cl for photo catalytic and luminescent 

applications. 

2. Calcium Bismuth Oxychloride (CaBiO2Cl) 

Several researchers studied of CaBiO2Cl using multiple 

solid-state techniques, employing different reactants and 

calcination conditions [20, 22, 26, 29]. X-ray diffraction 

(XRD) study confirmed its monoclinic structure (P2₁/m). 

Doping with Ag, Co, and Ni caused lattice aberrations and 

enhanced light absorption. FESEM and SEM showed plate-

like morphologies in pure CaBiO2Cl, whereas doped 

samples had lower particle sizes [27-28]. Optical evaluation 

with UV-Vis DRS and FTIR revealed lower bandgaps 

ranging from 2.5 to 3.4 eV, resulting in increased 

photocatalytic performance, particularly in metal-doped 

samples under visible light [26–28]. Photoluminescence 

investigations revealed blue shift in emission spectra as 

calcination temperatures increased [26]. These findings 

emphasize the tunable photocatalytic capabilities of 

CaBiO2Cl, particularly when doped with metals.  

3. Strontium Bismuth Oxychloride (SrBiO2Cl) 

Several researchers studied of SrBiO2Cl utilizing several 

solid-state techniques and conditions [21-22, 24, 29, 30]. 

Characterization studies revealed an orthorhombic structure 

(Cmcm space group) with high crystallinity and no detected 

impurities [20-30]. The Rietveld refinement analysis 

revealed a layered structure comprised of alternating 

[SrBiO2]+ and Cl⁻ layers, with Bi³⁺ ions playing a substantial 

role in photocatalytic activity [20-22, 29-30]. SEM and 

FESEM images revealed a layered nanoplate morphology 

[21]. Optical studies using UV-Vis DRS revealed bandgaps 

ranging from 2.88 to 3.52 eV, allowing for photocatalysis 

driven by both UV and visible light. The 

photoluminescence investigation revealed blue-shifted 

emission, reduced charge recombination, and steady 

luminescence [20-21, 24, 30]. Photocatalytic tests showed 

that SrBiO2Cl is more effective than BaBiO2Cl for dye 

degradation due to better charge separation and enhanced 

hydroxyl radical production [21-22, 30]. These findings 

emphasize SrBiO2Cl's potential for enhanced photocatalytic 

and optoelectronic applications [20, 24]. 

Conclusion 

BaBiO2Cl, CaBiO2Cl, and SrBiO2Cl are promising 

compounds for photocatalysis and luminescence 

applications, each with its own advantages and limitations. 

BaBiO2Cl has stable photocatalytic activity under UV light 

for organic pollutant degradation and strong luminescent 

characteristics, with potential applications in anti-

counterfeiting, bioimaging, and photodynamic treatment. 

CaBiO2Cl's photocatalytic effectiveness is boosted via 

structural changes and doping techniques, resulting in 

improved pollutant degradation and light absorption. 

SrBiO2Cl's improved hydroxyl radical production enhances 

photocatalytic performance under UV light and 

demonstrates promising luminous capabilities for light-

emitting devices. 

Together, these compounds provide a broad platform for 

environmental remediation, innovative materials, and 
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energy applications. Future study on BaBiO2Cl, CaBiO2Cl, 

and SrBiO2Cl should focus on enhanced doping methods, 

hybrid structures, and composites to improve photocatalytic 

efficiency, light absorption, and charge separation. 

Furthermore, research into their potential applications in 

environmental remediation, optoelectronics, energy 

harvesting, and sustainable luminous devices is critical for 

large-scale, multifunctional utilization. 
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