International Journal of Engineering Science Invention (1JESI)
ISSN (Online): 2319 — 6734, ISSN (Print): 2319 — 6726
www.ijesi.org ||[Volume 7 Issue 5 Ver. 1l || May 2018 || PP 54-55

Popular Theoretical Models to Study Lattice Dynamics
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Abstract: Different Models were used to study Lattice Dynamics in the past like Conventional Force Constant
Model, Born-Von Karman Model, Shell Model etc. Nowadays, improved models are in use like Ab-Initio
Calculation Model, Density Functional Theory(DFT) etc. The most successful model till now is DFT which is
largely used by researchers for its wide applications in different fields due to balance between accuracy and
computational cost.
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I. Introduction

Crystals Are Considered Due To Periodicity Of Atoms In It. The Study Of Nature Of Inter-atomic Forces In
Crystals Is Of Great Importance As It Is The Way To Understand The Physical Properties Of The Solids. The
Dynamics Of Atoms In Crystals Is Known As Lattice Dynamics. All Physical Properties Of Crystals Depend
Upon Their Constituent Atoms Which Can Be Obtained With The Help Of Theoretical Models Of Lattice
Dynamics. The Quanta Of Energy In An Elastic wave Travelling Through Solid Is Called Phonon. As Phonons
Are Elementary Particles For Excitation Of Solids, They Provide Complete Information About Inter-atomic
Forces In Solids. The Physical Properties Of Solids Including Thermal, Optical And Electronic Properties Are
Directly Dependent Upon The Frequency-Wave Vector Relationship Called Phonon Dispersion Relation. Thus,
Phonon Dispersion Relation Is An Essential Feature For Lattice Dynamics.

1. Various Models
Some Of Widely Used Models In Lattice Dynamics Are Briefly Discussed Below:-

Conventional Force Constant Model

In Conventional Force Constant Model [1], [2], The Motion Of The Nucleus Is Determined By The
Effective Potential Which Depends Only On Nuclear Coordinates. The Electrons Are Assumed As A Medium
For Exerting Inter Nuclear Force. The Wave Function Of The Electrons Is Taken To Be Same As If The Nuclei
Are Occupying Their Instantaneous Positions. This Model Was Modified By Considering General Interactions
Out To Third-Nearest Neighbours In The Plane And Second-Nearest Neighbours In Adjacent Planes.This
Model Gives An Exact Fit To All Five Elastic Constants And A Good Fit To Phonon Dispersion Data.
Born-Von Karman Model

In Born-Von Karman Model [3], [4], The Vibration Of Particles Follows Hooke’s Force Law And
Condition Of Equilibrium For Equation Of Motion Is Used. It Is A Basic Model To Describe Movements Of
Atoms In A Crystal Lattice. The Model Is Based On Born-Oppenheimer Approximation. This Proximity Means
That Vibrations Of Atoms In A Lattice Is Described As A Mass, The Line Between Two Springs Is Fixed
Which Swings Back And Forth. Diamond Was The First Crystal Structure Investigated By Born Using This
Model.
Shell Model

In This Model [5], Every lon Is Divided Into A Rigid Spherical Shell Of A Portion Of Nucleus And
Rest Of Electron Cloud. The Two Are Coupled Together By An Isotropic Spring And Have A Common Centre
In Equilibrium Configuration. This Model Permits A Better Description Of Dielectric Polarization In lonic
Crystals, It Does Not Go Beyond The Rigid-lon Model With Respect To Elastic Behaviour Of These Solids. It
Is An Extension Of The Born-Karman Model In Which Each Atom Is No Longer Rigid But Regarded As
Charged Core Consisting Of Nucleus And Inner Electrons And An Oppositely Charges Shell Representing
Other Electrons. This Model Allows An Atom To Have The Property Of Polaizability In Electric Field And Of
Distortion Polarizability Under The Influence Of Short Range Forces Acting Through Both Core And Shell.
Rigid lon Model

In Rigid lon Model [6], The Forces In Crystal Arise From Two Contributions: One Belongs To Long
Range Or Coulombian Interaction Between Effective Charges On lons And Other Is Short Range Central And
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Non-Central Interactions. In lonic Or Semi-lonic Solids Like Silicates, It Appears That Coulombian Terms Are
Most Important Component Of Cohesive Energy. lons Are Obviously Not Point Charges As Assumed When
Calculating Coulombian Energy, But Instead Are Composed Of A Nucleus And An Associated Electron Cloud
Of Finite Size. It Is Therefore, Necessary To Include A Term In The Potential Which Represents Energetic
Effect Of Overlap Of Electron Clouds Which Results In A Short Range Repulsion Strongly Felt By Nearest
Neighbour lons.
Ab-Initio Calculation Model

The Basic Idea Of This Model [7] Is To Determine Force Constants Via Total Energy Of Crystal Under
Investigation. Within Adiabatic Approximation, Total Energy Is A Function Of Only Position Of lons. There
Are Two Approaches For The Calculations Of Total Energy: Firstly Direct Approach And Secondly Linear
Approach. In This Model, There Is Replacement Of Analytic Model By A Full Quantum Mechanical Electronic
Structure Calculation Of A Super Cell Of N Atoms. This Can Be Done By Making A Series Of Small
Displacements Of Atoms And Evaluating Forces Exerted On Other Atoms. Each Such Calculation Provides 3N
Elements Of Force Constant Matrix And Symmetry Can Be Used To Deduce These Elements. This Reduces
The Number Of Electronic Structure Calculations Required.
De Launay Angular Force (DAF) Model

In DAF Model [8], The Relative Displacement Of Reference Atom And One Of Its Neighbours Is
Considered. In One Dimensional Lattice Dynamics, The Interatomic Force Acts Only Along The Line Joining
Two Neighbours Called Central Force. In More Than One Dimensional Lattice, An Additional Force Comes
Into Play Called Angular Or Non-Central Force Which Depends On The Angle Which The Line Joining
Moving Atoms Make With The Equilibrium Position Of The Line. The Restoring Force Is The Vector Sum Of
Both Central And Angular Force. Different Force Constants Are Used For Various Types Of Neighbours. The
Net Force On The Reference Atom Is Obtained By Summing Over The Contribution From All The Neighbours.
Density Functional Theory(DFT)

DFT [9] Has Long Been The Mainstay Of Electronic Structure Calculations In Physics And Chemistry.
It Is A Quantum Mechanical Modelling Method. It Became Quite Popular Due To Its Useful Balance Between
Accuracy And Computational Cost. Functional Is The Function Of Another Function. In This Model, Spatially
Dependent Electron Density Is Used As Functional. So, It Was Given The Name Density Functional Theory.
This Model Became Quite Popular In 1990s When Approximations Used Were Further Refined To Better
Model The Exchange And Correlation Interactions.It Is A Completely Different Way Of Approaching Any
Interacting Problem By Converting It Exactly Into A Non-Interacting Problem Here, A Problem Of N-Electrons
In A Material Can Be Studied As A Set Of N One-Electron Equations Which Are Known As Kohn-Sham
Equations.

I11. Conclusion
DFT Allows Larger System To Be Treated With High Accuracy Which Was Not Possible With
Traditional Methods. Computational Costs Are Relatively Low As Compared To Other Models. This Model Is
Much Easier To Solve. It Is Applicable To Large Variety Of Fields With Ground State Electronic Problem
Being The Most Common.
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