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ABSTRAK

SIFAT MEKANIS DAN OPTOELEKTRONIK PEROVSKIT KUBIK KMnX 3,
X = F, Cl, Br, I DENGAN DENSITY FUNCTIONAL THEORY (DFT)

Peningkatan kebutuhan energi ramah lingkungan mendorong eksplorasi material baru
untuk aplikasi energi terbarukan. Perovskit halida merupakan kandidat material bebas
timbal KMnX 3 (X = F, Cl, Br, I) yang berpotensi dalam perangkat optoelektronik dan
fotovoltaik. Penelitian ini mengkaji sifat mekanis dan optik KMnX 3, serta menilai pengaruh
variasinanion halida terhadap kestabilan struktur dan performa optiknya. Simulasi
dilakukan menggunakan Density Functional Theory (DFT) dengan
pendekatanbgeneralized gradient approximation plus Hubbard U (GGA+U) berbasis
perangkat Quantum ESPRESSO. Hasil menunjukkan bahwa KMnF3 memiliki stabilitas
mekanik tertinggi dengan nilai modulus bulk, Young dan geser berturt-turut 60,057 GPa,
71,762 GPa dan 27,586 GPa. Rasio Poisson mengindikasikan sifat daktail. Sebaliknya,
KMnBr3 menunjukkan kekakuan tertinggi serta respon optik paling kuat di daerah tampak
dan infra merah dengan koefisien absorbsi mendekati 1. Selain itu, KMnBr3 dan KMnI3
memiliki band gap sempit masing-masing 1,3 eV dan 0 eV untuk spin up serta 3,2 eV dan
1,7 eV untuk spin down yang mendukung penyerapan cahaya pada energi rendah. Variasi
anion halida memengaruhi sifat material secara signifikan. Peningkatan massa atom
anion menyebabkan penurunan band gap dan modulus elastisitas sekaligus
meningkatkan kemampuan absorbsi cahaya. Berdasarkan kombinasi kestabilan struktur
dan performa optik, KMnBr3 dinilai paling optimal untuk aplikasi energi terbarukan.

Kata kunci : KMnX 3, perovskit halida, density functional theory, sifat mekanis, sifat optik

energi terbarukan
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ABSTRACT

MECHANICAL AND OPTOELECTRONIC PROPERTIES OF CUBIC
PEROVSKITE KMnX3, X = F, Cl, Br, I USING DENSITY FUNCTIONAL

THEORY (DFT)

The growing demand for environmentally friendly energy drives the exploration of new
materials for renewable energy applications. Lead-free halide perovskites KMnX3 (X = F,
Cl, Br, I) are promising candidates for optoelectronic and photovoltaic devices. This study
investigates the mechanical and optical properties of KMnX3 and evaluates the influence
of halide anion variation on structural stability and optical performance. Simulations were
performed using density functional theory (DFT) with the generalized gradient
approximation plus Hubbard U (GGA+U) implemented in the Quantum ESPRESSO
package. The results show that KMnF3 exhibits the highest mechanical stability with bulk,
Young’s, and shear moduli of 60.057 GPa, 71.762 GPa, and 27.586 GPa respectively. The
Poisson’s ratio indicates ductile behavior. In contrast, KMnBr3 exhibits high rigidity along
with the strongest optical response in the visible and infrared regions with an absorption
coefficient approaching 1. Moreover, KMnBr3 and KMnI3 possess narrow band gaps
measured at 1.3 eV and 0 eV for spin-up and 3.2 eV and 1.7 eV for spin-down states
which enhance low-energy light absorption. Halide anion variation significantly affects
material properties. Increasing the atomic mass of the halide reduces both the band gap
and elastic modulus while improving light absorption capability. Among the materials
studied, KMnBr3 offers the most balanced combination of structural stability and optical
performance which makes it the most promising candidate for renewable energy
applications.

Keywords: KMnX3 , halide perovskite, density functional theory, mechanical properties,

optical properties, renewable energy
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