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ABSTRAK

PUSPA ZUHROTUL KAMILAH. Pengaruh Medan Listrik terhadap Efek
Seebeck dan Nernst Anomali pada Monolayer Nickel (I11) Bromide Menggunakan
Density Functional Theory. Skripsi, Fisika, Fakultas Matematika dan Iimu
Pegetahuan Alam, Universitas Negeri Jakarta. Juli 2025. Dibawah bimbingan
TEGUH BUDI PRAYITNO dan EDI SUPRAYOGA.

Penelitian ini bertujuan untuk menganalisi pengaruh medan listrik eksternal
terhadap respons termoelektrik monolayer NiBrs, khususnya melalui efek Seebeck
dan efek Nernst anomali, dengan menggunakan pendekatan Density Functional
Theory (DFT). Simulasi dilakukan dengan mempertimbangkan interaksi spin—orbit
coupling (SOC) serta variasi intensitas medan listrik yang diterapkan sepanjang
sumbu-z dalam kisaran 0 — 30 V /nm. Hasil menunjukkan bahwa karakter metalik
NiBrs; tetap stabil, dengan perubahan lokal pada struktur pita dan momen magnetik.
Medan listrik dan SOC menyebabkan penyempitan celah pita (< 0.01 eV) tanpa
pembukaan celah signifikan. Nilai koefisien Seebeck (+80 uV /K) dan Nernst
anomali (~10"*V /K - T) pada 100 K masih relatif rendah, menandakan bahwa
medan listrik belum cukup efektif dalam meningkatkan performa termoelektrik.
Dengan demikian, studi ini memberikan dasar awal bagi penelitian lanjutan melalui
pendekatan alternatif seperti doping, rekayasa regangan (strain engineering), atau
substitusi atomik untuk meningkatkan sensitivitas material terhadap pengaruh

medan eksternal.

Kata kunci: Density Functional Theory, medan listrik, efek Seebeck, efek Nernst

anomali, NiBrs, spin—orbit coupling, termoelektrik
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ABSTRACT

PUSPA ZUHROTUL KAMILAH. The Influence of Electric Fields on the
Seebeck Effect and Anomalous Nernst Effect in Monolayer Nickel (111) Bromide:
A Density Functional Theory Study. Undergraduate Thesis, Department of
Physics, Faculty of Mathematics and Natural Sciences, Jakarta State University.
July 2025. Supervised by TEGUH BUDI PRAYITNO and EDI SUPRAYOGA.

This study investigates the impact of external electric fields on the thermoelectric
response of monolayer NiBrs, focusing on the Seebeck and anomalous Nernst
effects, through Density Functional Theory (DFT) simulations. The calculations
incorporate spin—orbit coupling (SOC) effects and explore electric field intensities
along the out-of-plane (z-axis) direction ranging from 0 to 30 V/nm. Results
indicate that NiBrs; retains its metallic or semimetallic character, with only
localized modifications observed in its electronic band structure and magnetic
moments. While the electric field and SOC interactions induce slight bandgap
narrowing (< 0.01 eV) and minor distortions in the crystal structure, no significant
bandgap opening is found. The Seebeck coefficient (+80 uV /K) and anomalous
Nernst signal (~10"*V /K - T) at 100 K remain relatively modest, suggesting that
the applied electric field within the tested range is insufficient to enhance
thermoelectric performance significantly. These findings offer a foundational
understanding for further research involving alternative strategies such as doping,
strain engineering, or atomic substitution to enhance the material’s sensitivity to

external fields.

Keywords: Density Functional Theory, electric field, Seebeck effect, anomalous

Nernst effect, NiBrs, spin—orbit coupling, thermoelectric
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DAFTAR SINGKATAN

DFT = Density Functional Theory

loT = Internet of Things

HF = Hartree-Fock

CSF = Self-Consistent Field

XC = Exchange-Correlation

KS = Kohn-Sham

LDA = Local Density Approximation

GGA = Generalized Gradient Approximation
PBE = Perdew—Burke—Ernzerhof

PAO = Pseudo-Atomic basis Orbitals
NC-DFT = Non-Collinear Density Functional Theory
SOC = Spin-Orbit Coupling

FM = Ferromagnetik

MAE = Magnetic Anisotropy Energy

NiBr; = Material Nickel (I11) Bromide

AHC = Anomalous Hall Conductivity

ANE = Anomalous Nernst Effect

BNNRs = Boron Nitride Nanoribbons

ZT = Figure of Merit

TMDCs = Transition Metal Dichalcogenides
OpenMX = Open-source package for Material eXplorer

BoltzTraP2 = Boltzmann Transport Properties, version 2
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