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StructureStructure of an atom: of an atom: AgreedAgreed uponupon byby experimentalistsexperimentalists andand theoreticianstheoreticians..

TodayToday’’ss knowledgeknowledge of an atom of an atom comescomes fromfrom meetingsmeetings likelike
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Mid 1800s

1930s

From F = m x a    to E = ħ x ω

Newtonian

Mechanics

Quantum

Mechanics

Prediction of new

materials using

computers

(Late 1990s)
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Using atoms as a footprint of chemistry:

EnergyEnergy of of incomingincoming radiationradiation = = EnergyEnergy of of photophoto electronelectron + + EnergyEnergy differencedifference KK--LL

EnergyEnergy is is conservedconserved in in corecore--levellevel atomicatomic transitionstransitions

((onlyonly inducedinduced byby XX--raysrays oror Gamma Gamma raysrays))

Fact: electrons exist in discrete orbits

around the nuclei.

Atomic nuclei are well-distinguishable

due to their proton content.

Then electron orbits of different atoms

must be at different energies.

hhλλ = = ΦΦ + Kin. En.   (+ Kin. En.   (EqnEqn. of Einstein). of Einstein)



5

RememberRemember: : ElectronsElectrons existexist at at discretediscrete orbitalsorbitals ((HenceHence theythey havehave discretediscrete absorptionabsorption

behaviorbehavior of of incomingincoming XX--raysrays))

Energy of ejected electrons (characteristic)

400 m
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We cannot talk about well-defined discrete

orbitals but rather probabilities of finding

electrons at specific sites around the nucleus.
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Enrico Fermi and Paul Dirac developed an expression relating the temperature

dependent distribution of electrons around nuclei:

Fermi-Dirac distribution of 

electrons in a crystal obey

The Pauli

principle !
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WhatWhat do do allall thesethese thingsthings implyimply aboutabout ourour experienceexperience of of everydayeveryday structuresstructures??

- Remember the fact about noble (inert) gases?
Inert gases form the simplest crystals for which:

1. The electron distribution is very close to that of free atoms

2. The outermost electron shells are completely filled and the charge distribution is spherically 

symmetric (We will come to this later on)

1s2, 2s2 2p6, 3s2 3p6

Total of 8 electrons
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‘A stable compound occurs when the total energy of the combination has 

lower energy than the separated atoms.’ (www. hyperphysics.phy-

astr.gsu.edu)

NoteNote: : AllAll condensedcondensed mattermatter is a is a resultresult of of thethe effecteffect of of CoulombCoulomb forcesforces

andand electronelectron configurationconfiguration aroundaround thethe nucleinuclei of of individualindividual atomsatoms..
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HowHow doesdoes electronegativityelectronegativity andand affinityaffinity comecome intointo playplay??
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Electrostatic forces are very strong:

When two ions approach each

other too much, the Pauli repulsion

dominates (Pauli repulsion has 

nothing to do with the electrostatic

interaction).

When two ions approach each

other too much, the Pauli repulsion

dominates (Pauli repulsion has 

nothing to do with the electrostatic

interaction).

ForFor NaClNaCl

PauliPauli repulsionrepulsion + + CoulombCoulomb potentialpotential

SolidSolid redred curvecurve
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In some materials and gas-phase simulations:

Repulsive Attractive

To find the equilibrium interatomic distance:

dV(r) / dr = 0

Argon dimer

Interaction potential (energy) 

(Lenard-Jones potential)
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HowHow doesdoes NaClNaCl form? (form? (ExampleExample toto CoulombCoulomb forceforce in in actionaction))

An atom of sodium has one 3s electron outside a closed shell, and it takes only 5.14 electron volts of 

energy to remove that electron. The chlorine lacks one electron to fill a shell, and releases 3.62 eV when it 

acquires that electron (it's electron affinity is 3.62 eV). This means that it takes only 1.52 eV of energy to 

donate one of the sodium electrons to chlorine when they are far apart. When the resultant ions are brought 

closer together, their electric potential energy becomes more and more negative, reaching -1.52 eV at 

about 0.94 nm separation. This means that if neutral sodium and chlorine atoms found themselves closer 

than 0.94 nm, it would be energetically favorable to transfer an electron from Na to Cl and form the ionic 

bond. (from http://hyperphysics.phy-astr.gsu.edu)
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The driving force for formation of ionic bonds are fairly straightforward.

The tendency of an atom to form covalent bonds with other atoms is somewhat

more involved to explain.

Single covalent bonds

H-H 

H-Cl

F-F 

Double covalent bonds

O=O 

C=O 

C=C 

ElectronElectron cloudcloud evenlyevenly distributeddistributed: : NonNon--polar polar 

((electronegativitieselectronegativities nearlynearly equalequal))

ElectronElectron cloudcloud unevenlyunevenly distributeddistributed: Polar : Polar 

((electronegativitieselectronegativities differentdifferent))

And etc.

When an atom wants to have inert gas confıguration for outer shell electrons, it will

find a way….

1s2 2s2 2px1 2py1

For Carbon in its ground

state:
Why not CH2 but CH4?

TheyThey havehave nearlynearly thethe samesame

energyenergy electronselectrons
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CarbonCarbon ((DiamondDiamond: : formsforms at at 

highhigh pressurepressure andand

temperaturetemperature))
CarbonCarbon in in graphitegraphite form (form (muchmuch moremore

commoncommon thanthan diamonddiamond andand moremore stablestable))
InsulatorInsulator phasephase

Good conduction

PoorPoor conductionconduction

ConductivityConductivity: : ItIt is is allall aboutabout whetherwhether

bondsbonds enableenable delocalizationdelocalization of of 

electronselectrons oror not.not.
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ElectrostaticElectrostatic potentialpotential

energyenergy of an of an electronelectron in in 

orbitorbit at a at a distancedistance r r fromfrom

thethe nucleusnucleus..

TheThe electrostaticelectrostatic potentialpotential

duedue toto thethe nucleusnucleus is is 

sphericallyspherically symmetricsymmetric..

WeWe callcall thisthis ‘‘thethe quantumquantum statestate’’ of a of a particleparticle

x x spinspin of of electronelectron

SomeSome helpfulhelpful detailsdetails aboutabout thethe quantumquantum statestate conceptconcept

PauliPauli principleprinciple: No : No twotwo fermionsfermions can can existexist in in thethe samesame quantumquantum statestate in a in a systemsystem..

(   or ) 


