Journal of the Korean Crystal Growth and Crystal Technology p-ISSN 1225-1429
Vol. 36, No. 2 (2026) 57-63 e-ISSN 2234-5078
https://doi.org/10.6111/JKCGCT.2026.36.2.057

Rietveld refinement-guided insights into local distortion and emission color
tunability in lead-free zero-dimensional metal halides

San Ha Choi, Sung Woo Jang and Won Bin Im'

Division of Materials Science and Engineering, Hanyang University, Seoul 04763, Republic of Korea

(Received March 11, 2026)
(Revised March 24, 2026)
(Accepted March 31, 2026)

Abstract Understanding emission color tunability in lead-free zero-dimensional (0D) metal halides is essential for the
rational design of eco-friendly luminescent materials. In this review, we summarize recent progress in correlating local
octahedral distortion with photoluminescence behavior in Sb“—doped Cs;LnClg (Ln = La, Gd, Y, Lu) and related systems
through Rietveld refinement analysis. Although chemical substitution with smaller Ln’" ions induces lattice contraction,
accumulated studies consistently show that emission peak shifts do not directly scale with unit cell volume. Instead,
growing evidence indicates that the dispersion of Sb-Cl bond lengths within SbCl, octahedra plays a dominant role in
emission tuning. Key distortion descriptors, including the distortion index (D), exhibit clear correlations with emission
energy and spectral bandwidth. We further compare chemical pressure effects with external pressure studies, revealing a
unified structural mechanism governing emission tuning in Cs,ZrCl,:Sb’* composition. Electronic structure analyses confirm
that the SbClg coordination environment influences both the band-edge positions and the stabilization of self-trapped
excitons (STEs). This review provides a quantitative framework for using Rietveld refinement as a powerful tool to
elucidate structure-property relationships in lead-free luminescent halides and outlines future design strategies based on local
coordination control.
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Fig. 1. Structural properties of CLnC:Sb’" NCs. (a) crystal structure of CLnC:Sb’* NCs, where dark cyan, peach, and dark pink rep-

resent the Cs, Ln, and Cl atoms, respectively. (b) and (c) Rietveld refinement plots of CLnC:Sb’* NCs, obtained after Rietveld refine-

ment: Observed (black dots), calculated (dark pink (CYC:Sb’™), yellow (CLuC:Sb™), orange (CGC:Sb’"), and dark cyan (CLaC:Sb’")

lines), and the difference (blue lines), respectively. (d) Shows plot of lattice parameter and cell volume against the size of lanthanide
jon in CLnC:Sb”" NCs derived from Rietveld refinement analysis [4].
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Table 1

Rietveld refinement parameters of CLnC:Sb’* NCs obtained from the powder diffraction data at room temperature. The numbers in
parentheses are the estimated standard deviations of the last significant figure [4]

Compound CLuC:Sb™* CYC:Sb™ CGC:Sb™ CLaC:Sb™

Space group C2/c C2/kc C2/c C2/kc

Structure monoclinic monoclinic monoclinic monoclinic

a(A) 26.13(7) 26.91(3) 27.02(5) 27.49(8)

b(A) 8.07(5) 8.16 (7) 8.19(3) 8.27(6)

c(A) 13.06(3) 13.13(2) 13.18(7) 13.64(5)

VIA® 2,722.58(5) 2,837.22(2) 2,872.15(4) 3,050.91(7)

R,, 1.53 % 147 % 1.46 % 1.39 %

b 1.7 1.42 1.38 1.23
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Fig. 2. The luminescence properties of CLnC:Sb’* NCs. (a) excitation and emission spectra of CLnC:Sb’* NCs, under 320 nm exci-

tation. (b) Calculated V hedrr L ©, and D as a function of type of lanthanide ion in CLnC:Sb’" NCs. These parameters are extracted

after full pattern reﬁnement of CLnC:Sb™ NCs. (c) schematic for proposed mechanism for the origin of tuning the emission wave-

lengths in CLnC:Sb*" NCs, where violet arrow represents the exmtatlon blue green-yellow arrows represent the emission wave-
lengths, and red arrows show the energy transfer from the 'P, and ’P, states to STE1 and STE2, respectively [4].
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CLuC, (b) CYC, (¢) CGC, and (d) CLaC 2 x 2 x 2 supercells doped with one Sb’* ion computed at the DET/PBE level of theory.
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matrix is shown with a blue-colored line. (e~h) Partial electron densities around the metal center of Sb with a contour plot of the
saturation level between 0.044 e\AA-3 (maximum) and 0.002 e\AA-3 (minimum) in the CLnC:Sb>* NCs [4].
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