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ABSTRAK 

 

MUHAMMAD ANDRIANTO ABDILLAH. Pengaruh Medan Listrik Terhadap Sifat 

Elektronik, Magnetik, dan Termoelektrik Material NiCl2 Monolayer Berbasis Density 

Functional Theory. Dibawah Bimbingan TEGUH BUDI PRAYITNO, EDI 

SUPRAYOGA 

Nikel diklorida NiCl2 monolayer dengan sifatnya, baik dari segi struktur kristal, 

elektronik, dan magnetiknya, dianggap menjadi salah satu alternatif material yang 

berpotensi untuk pengembangan aplikasi spintronik. Medan listrik eksternal yang 

diterapkan pada material dengan tujuan dapat mengontrol sifat listrik dan magnet 

merupakan hal yang sanagt penting dalam aplikasi perangkat spintronik. Pada 

penelitian ini, telah dilakukan perhitungan non-kolinier menggunakan teori fungsi 

kerapatan (DFT) untuk menganalisa pengaruh interaksi spin-orbit dan medan listrik 

eksternal yang diberikan pada NiCl2 monolayer. Perhitungan tersebut menunjukkan 

bahwa interaksi spin-orbit dan penerapan variasi medan listrik eksternal menyebabkan 

terjadinya pengurangan celah pita energi di titik perubahan sifat listrik NiCl2 

monolayer dari semikonduktor tidak langsung ke logam dan menghilangkan sifat 

magnetik atom pusatnya. Temuan kami menunjukkan bahwa interaksi dan medan 

listrik eksternal untuk pengembangan perangkat spintronik berperan penting dalam 

mengontrol sifat material NiCl2 monolayer. 

Kata Kunci: NiCl2 monolayer, Density Functional Theory, Spin-Orbit Coupling, 

medan listrik eksternal, spintronik. 
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ABSTRACT 

 

MUHAMMAD ANDRIANTO ABDILLAH. The Influence of Electric Field on the 

Electronic, Magnetic, and Termoelectric Properties of NiCl2 Monolayer Materials 

Based on Density Functional Theory. Under the Supervised by TEGUH BUDI 

PRAYITNO, EDI SUPRAYOGA. 

The potential use of nickel dichloride (NiCl2) monolayer, with its unique characteristics 

in terms of crystal structure, electronics, and magnetism, has been identified in the field 

of spintronics. The manipulation of its electrical and magnetic properties through the 

application of an external electric field is vital for the development of spintronic 

devices. In this research, non-collinear calculations employing density functional 

theory (DFT) were conducted to examine the impact of spin-orbit interaction and 

external electric fields on the NiC2 monolayer. The calculations revealed that the 

interaction between spin and orbit, as well as the varying external electric fields, 

resulted in a decrease in the energy gap at the Γ point, a transformation of NiCl2 

monolayer's electrical characteristics from an indirect semiconductor to a metal, and 

the elimination of magnetic properties associated with its central atom. These findings 

emphasize the significant role played by the interaction and external electric fields in 

controlling the properties of NiCl2 monolayer for the advancement of spintronic 

devices. 

Keywords: NiCl2 monolayer, Density Functional Theory, Spin-Orbit Coupling, 

external electric field, spintronics. 



vii  

 

DAFTAR ISI 

LEMBAR PENGESAHAN SKRIPSI............................................................................ i 

LEMBAR PERNYATAAN .......................................................................................... ii 

KATA PENGANTAR ................................................................................................. iii 

ABSTRAK .................................................................................................................... v 

ABSTRACT ................................................................................................................... vi 

DAFTAR ISI ............................................................................................................... vii 

DAFTAR TABEL ........................................................................................................ ix 

DAFTAR GAMBAR .................................................................................................... x 

BAB I PENDAHULUAN ............................................................................................. 1 

A. Latar Belakang ................................................................................................... 1 

B. Rumusan Masalah .............................................................................................. 6 

C. Tujuan Penelitian ............................................................................................... 6 

D. Manfaat Penelitian ............................................................................................. 6 

BAB II KAJIAN PUSTAKA ........................................................................................ 8 

A. Spin-Orbit Coupling (SOC) ............................................................................... 8 

B. Struktur Elektronik berdasarkan Density Functional Theory (DFT) ............... 10 

1. Masalah Sistem Kompleks di Materi Terkondensasi ................................... 11 

2. Pendekatan Hartree ....................................................................................... 12 

3. Pendekatan Hartree-Fock ............................................................................. 13 

4. Pendekatan Density Functional Theory (DFT) ............................................ 14 

C. Material NiCl2 Monolayer................................................................................ 29 

1. Struktur Kristal ............................................................................................. 29 

2. Struktur Elektronik ....................................................................................... 32 

3. Struktur Magnetik ......................................................................................... 32 

D. Termoelektrik ................................................................................................... 34 

E. Semikonduktor ................................................................................................. 37 

F. Konduktivitas ................................................................................................... 38 

BAB III METODOLOGI PENELITIAN ................................................................... 42 

A. Tempat dan Waktu Penelitian .......................................................................... 42 



viii 
 

1. Tempat Penelitian ......................................................................................... 42 

2. Waktu Penelitian .......................................................................................... 42 

B. Metode Penelitian............................................................................................. 43 

1. Alat Penelitian .............................................................................................. 43 

2. Prosedur Penelitian ....................................................................................... 44 

3. Diagram Alir Penelitian ................................................................................ 46 

C. Teknik Pengumpulan dan Analisis Data .......................................................... 47 

1. Teknik Pengumpulan Data Penelitian .......................................................... 47 

2. Teknik Analisis Data Penelitian ................................................................... 47 

3. Hasil Penelitian Awal ................................................................................... 47 

BAB IV HASIL DAN PEMBAHASAN .................................................................... 49 

A. Distribusi Elektron Keadaan Dasar .............................................................. 49 

B. Hasil Pengoptimalan Geometri Struktur Kristal........................................... 50 

C. Hasil Perhitungan Struktur Elektronik ......................................................... 52 

D. Hasil Perhitungan Koefisien Seebeck .......................................................... 60 

BAB V KESIMPULAN DAN SARAN ...................................................................... 63 

A. Kesimpulan ................................................................................................... 63 

B. Saran ............................................................................................................. 64 

DAFTAR PUSTAKA ................................................................................................. 65 

LAMPIRAN ................................................................................................................ 69 

DAFTAR RIWAYAT HIDUP .................................................................................... 70 



ix  

DAFTAR TABEL 

 
 

Tabel 2.1. Parameter struktur kristal dan sifat magnetik NiCl2 monolayer : panjang 

kisi eksperimen (a = b, Å), panjang kisi teoritis (a = b, Å), panjang ikatan 

Ni–Cl(dNi-Cl, Å), suhu Curie Transisi FM ↔ AFM (TC , K), sifat 

magnet pada keadaan dasar (MS), dan momen magnetik rata-rata per 

atom M (m, μB). [1] (Kulish & Huang, 2017) , [2] (Botana & Norman, 

2019) , [3] (Mcguire, 2017), [4] (Lu, dkk., 2019) ................................... 31 

Tabel 3.1. Rincian Waktu Penelitian ........................................................................ 42 

Tabel 4.1. Panjang Ikatan Ni-Cl (dNi-Cl,   Å)   dan   sudut   ikatan.   Ni-Cl-Ni 

(𝜃𝐶𝑙 − 𝑁𝑖 − 𝐶𝑙, °). [1] (Kulish & Huang, 2017) , [2] (Mushtaq, dkk., 

2017), [3] (Lu, dkk., 2019). ..................................................................... 50 

Tabel 4.2. Celah pita energi (Eg, eV) dan momen magnetik atom Ni (mNi, 𝜇B). [1] 

(Kulish & Huang, 2017), [2] (Mushtaq, dkk., 2017), [3] (Lu, dkk., 2019) 

.................................................................................................................53 



x  

 

DAFTAR GAMBAR 

Gambar 1.1. Diagram macam macam implementasi melalui Spin-Orbit Copling 

(Manchon dkk., 2015) .......................................................................... 2 

Gambar 2.1. Visualisasi gerak relativistic (Chapman, 2011) ..................................... 8 

Gambar 2.2. Band degenerasi material (a) tanpa adanya efek SOC dan (b) SOC 

terhadap E (Energi) dan K (Bilangan Kuantum). (Elliot, 1954)........... 9 

Gambar 2.3. Ilustrasi metode Density Functional Theory (DFT) dalam sistem 

banyak benda. (Lusk, dkk, 2011) ......................................................... 14 

Gambar 2.4. Diagram Alir Self-consistent persamaan Kohn-Sham .......................... 19 

Gambar 2.5. Struktur Kristal logam transisi dihalida (MX2) dalam konfigurasi 

struktur T: (a) bulk dan (b dan c) monolayer. Tampilan atas (b) dan 

samping (c). (Kulish & Huang, 2017) .................................................. 30 

Gambar 2.6. Struktur Geometri dari NiCl2 monolayer .............................................. 31 

Gambar 2.7. Konfigurasi elektron atom nikel ............................................................ 32 

Gambar 2.8. Ilustrasi mekanisme interaksi langsung (M-M) dan superexchange 

(M-X-M). (Kulish & Huang, 2017). ..................................................... 33 

Gambar 2.9. Interaksi superexchange M-X-M untuk sudut ikatan 90o M-X-M. 

(Kulish & Huang, 2017). ...................................................................... 33 

Gambar 2.10. Komposisi susunan semikonduktro pada termoelektrik 

(Puspita, 2017) ...................................................................................... 34 

Gambar 2.11. Eksperimen efek Seebeck (Goldsmid, 2016). ...................................... 36 

Gambar 2.12. Prinsip kerja generator termoelektrik (Anwar, 2014) .......................... 37 

Gambar 2.13. Perbedaan energi band gap pada material (Aminullah, 2019) ............. 38 

Gambar 3.1. Struktur NiCl2 monolayer. Tampilan atas (a) dan samping 

(b). (Perak : Ni dan Hijau : Cl) ............................................................. 45 

Gambar 3.2. Diagram Alir Penelitian ......................................................................... 46 

Gambar 3.3. Struktur pita energi material NiCl2 monolayer yang dihitung (a) tanpa 

efek SOC dan (b) dengan efek SOC` .................................................... 47 



xi  

Gambar 4.1 Orbital Spin Struktur pita elektronik dari NiCl2 monolayer untuk atom 

(a) Ni dan (b) Cl. Jari-jari lingkaran yang ditunjukan merupakan 

representasi dari besarnya distribusi spin orbital disepanjang pita 

energi .................................................................................................... 49 

Gambar 4.2. Jarak atom Cl terhadap bidang atom Ni pada arah sumbu z, panjang 

ikatan, dan sudut ikatan antar atom pada NiCl2 monolayer (atas) dan 

grafik jarak atom Cl pada arah sumbu z terhadap perubahan medan 

listrik eksternal (bawah) .............................................................. 51 

Gambar 4.3 Struktur Pita Energi Material NiCl2 monolayer (a) tanpa dan (b) 

dengan efek Spin-Orbit Coupling ......................................................... 52 

Gambar 4.4. Struktur pita energi NiCl2 monolayer dengan pemberian medan listrik 

eksternal 0, 5, 10, 15, 20, 25, dan 30 V/nm, dari (a) sampai (n) 

merupakan hasil struktur elektronik tanpa dan dengan efek SOC, 

masing-masing kanan dan kiri. ......................................................... 56 

Gambar 4.5. Grafik perubahan celah pita energi NiCl2 monolayer terhadap 

pemberian medan listrik eksternal ........................................................ 57 

Gambar 4.6. Pemisahan pita di (a) pita energi dengan pemberian medan listrik 

eksternal sebesar 20 V/nm dan efek SOC, yang diperjelas melalui (b) 

pita konduksi dan (c) pita valensi-nya di sepanjang titik 𝛤 dan K 

pada material NiCl2 ................................................................................................................... 58 

Gambar 4.7. Grafik momen magnetik total atom Ni terhadap variasi pemberian 

medan listrik eksternal .......................................................................... 59 

Gambar 4.8. Koefisien Seebeck material NiCl2 monolayer pada saat pemberian 

medan listrik sebesar (a) 0, (b) 5, (c) 10, (d) 15, (e) 20, (f) 25, dan (g) 

30 V/nm ................................................................................................ 61 

Gambar 4.9. Grafik Penurunan Koefisien Seebeck material NiCl2 monolayer .......... 62 


	5e5c25081565572f53ffbfdd7da0de4f476fdd814750fd0e72b80e11d7720fb3.pdf
	5e5c25081565572f53ffbfdd7da0de4f476fdd814750fd0e72b80e11d7720fb3.pdf
	5e5c25081565572f53ffbfdd7da0de4f476fdd814750fd0e72b80e11d7720fb3.pdf

