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PART 2 – Electronic Structure and the 

Periodic Table 

 

 

Reference: Chapter 7—8 in textbook 
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Early Atomic Models 



Thomson’s 1904 Model of the Atom 

 Plumb Pudding Model 
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 He discovered the electron, 

a discovery for which he 

was awarded the Nobel 

Prize in physics in 1906. 



Ernest Rutherford Atom 
 Ernest Rutherford is considered the father of nuclear physics. 

Particles named and characterized by him include the α 

particle, β particle and proton. Rutherford overturned 

Thomson's atom model in 1911 with his well-known gold foil 

experiment in which he demonstrated that the atom has a 

tiny, massive nucleus. 
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Experiment to Discover Atom Structure 
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Nucleus and Electron Model 

 -particle： 

He2+       

mass number =  4               



Atomic Structure 

 Nucleus – protons and neutrons 

 Proton: 1 unit atomic mass,1 unit positive charge 

 Neutron: 1 unit atomic mass, Neutral (no charge) 

 Electrons 

 Electron: little mass, 1 unit negative charge 

 Atom and Ion 

 Atom: # protons = # of electrons 

 Ion: Atom gains/loses electron(s) 
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Bohr’s Model of Atoms – Incorrect 
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 Bohr’s assumptions for e- orbital in an atom: 

Χ Electrons are circling around the nucleus. 

Electrons only stay in specific orbitals, and need absorb 

or emit energy when transiting onto another orbital. 



Orbitals & Energy States for Hydrogen 
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Orbital Energy States 

For H-atom, the orbital energy: E1 = –13.6 eV, En = E1 / n
2  



Find Atomic Mass from Periodic Table 
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A “real” Periodic Table 

Dept of Chemistry & Chemical Biology, Harvard University, USA 



Isotope 

 Isotope 

 same protons, different neutrons 

 Q:  3H, 14C, 31P, 238U 

 the use of isotopes in science/technology 

11 Nuclear power plant Archaeology 



Wave-Particle Duality 

 Any material (e.g. light, electron) is both a 

particle and a wave. 

 Wave function (ψ), and probability density 

 Energy of a wave 
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Electron Cloud 

 Electron cloud 

 The uncertainty principle: Δx * Δp > h/2π 

 Example: why position and momentum cannot be accurately 

measured? 

 Electron cloud: a region where electrons are likely to 

be found. 

 Atomic orbital 
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Atomic Orbitals 
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Electron Configuration 

 Atomic orbitals 

 the probability of an electron's position and energy 

 4 Quantum numbers 

 n (Principal): 1, 2, 3, 4, … 

 l (Angular momentum): 0, 1, 2, 3, …, n-1 

 s (l = 0), p (l = 1), d (l = 2), f (l = 3), … 

 m (Magnetic): 0, ±1, ±2, …, ±l 

 ms (Spin): ±1/2 
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Atomic Orbitals: Radial Distribution 
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The radial distribution of an atomic orbital represents the probability 

of finding an electron in a certain distance from the nucleus.  



Atomic Orbitals: Angular Distribution 

 Shape of an orbital represents the 

probability of finding electrons: 
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Electron Configuration – contl’d 

 Total # of orbitals is n2, (for principal 

quantum number of n). 

 n = 1  l = 0 (1 s orbital): 1s 

 n = 2  l = 0 (1 s orbital), 1 (3 p orbitals): 2s, 2px, 2py, 

2pz 

 n = 3  l = 0 (1 s orbital), 1 (3 p orbitals), 2 (5 d 

oribitals): 3s, 3px, 3py, 3pz, 3dxy, 3dxz, 3dyz, 3dx2-y2, 3dz2 
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n l ml orbital # of orbitals 

in subshell 

Total # of 

orbitals 

1 0 0 1s 1 1 

2 0 0 2s 1 4 

1 1,0,-1 2p 3 

3 0 0 3s 1 9 

1 1,0,-1 3p 3 

2 2,1,0,-1,-2 3d 5 

4 0 0 4s 1 16 

1 1,0,-1 4p 3 

2 2,1,0,-1,-2 4d 5 

3 3,2,1,0,-1,-2,-3 4f 7 



s- Orbital 

 s-orbital: center symmetric 

 

 

 

 

 

 Number of “node” (zero-electron-density region) = ? 
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p- Orbital 

 p-orbital: axial symmetric 

 

 

 

 

 

 Which axis is the symmetric axis? 

 Number of “node” = ? 

 Which axis has node? 
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d- Orbital 

 d-orbital: center symmetric 

 

 

 

 

 

 Which axis is the symmetric axis? 

 Number of “node” = ? 
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Electron Configuration – contl’d 

 Pauli exclusion principle 

 in each orbital, one electron spins up, and the other 

spins down. 

 Electrons are filled from low energy orbital 

(state) to high energy orbital (state). 

 the higher n and l  the higher energy (NOT always 

true !!) 

 Full shell and Half-full shell are normally 

stable 
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How to Fill in Electrons in Orbitals 

 Use the Periodic 

table as a guide 

(Pg. 271): 

 Add e to ns orbital 

when in IA and IIA; 

 Add e to np orbital 

when in IIIA and IIIB; 

 Add e to (n-1)d orbital 

when in IIIB – IIB. 
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Examples 

 

 

 

 

 

Ne (10 e)  1s2 2s2 2px
2 2py

2 2pz
2, (or 1s2 2s2 2p6 )  

P (15 e)  1s2 2s2 2p6 3s2 3px
1 3py

1 3pz
1 

K (19 e)  1s2 2s2 2p6 3s2 3p6 4s1 (NOT: 1s2 2s2 2p6 3s2 3p6 3d1)  
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Another Helpful Diagram 

 

 

 

 

 

 Use this diagram as a guide for writing orbitals 

(from lower energy to higher energy) 
 

 K:  

 Ca: 

 Sc (21e):  26 



Electron Configuration in Periodic Table 

27 Different “blocks” represent where the last electron is filled in. 



Main Groups, Metals & Non-metals 
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Main Groups in Periodic Table 

 Main group: designated as Group IA, IIA, 

IIIA, …, VIA, VIIA, and VIIIA (0). 

 The number represents how many electrons are in the 

outmost shell. 

 IA and IIA are active metals; VIA and VIIA are active 

non-metals; IIIA, IVA, VA are continuously changing 

from metal to non-metal. 
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Picture of the Atomic Orbitals 

 

 

 

 

 

 

 In each “Shell” – principal quantum number n, there are 

different sets of orbitals, which have different shape, 

symmetry, and energy. 

 Electrons need to absorb energy (e.g. from a photon) to 

transit from a lower energy state to a higher one, or emit 

energy (by emitting a photon) to transit from a higher 

energy state to a lower one. 30 



Electron’s States 

 Electron’s states: sets of electron 

configurations, related to different energy. 

 Ground State – a set w/ the lowest energy 

configuration. 

 Excited State(s) – sets of higher energy. 
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Simplified Drawing – only last e- 

 

 

 

 

 

 For the first a few excited states, we only 

need to pay attention to the last electron 

(the one in the highest energy orbital). 
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Magnetic Quantum Number and Spin 

 Magnetic Quantum Number 

 For electrons, ms (Spin): ±1/2 

 

 

 

 Electron spin 

 Equal energy when M-field is off.  

 Magnetism of materials. 
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Unpaired Electrons and Magnetism 

 Unpaired electron in atom 

 Q: Which of the following atom(s) has unpaired 

electron(s): (a) C; (b) O; (c) Mg; (d) K. 

 Atoms with unpaired electrons will respond to the 

external magnetic field 

 Paramagnetic 

 Molecules or atoms that have unpaired electrons 

 Diamagetic 

 Molecules or atoms that do not have unpaired electrons 
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Atomic Radii 

 Atomic radius 

 

 

 

 

 
 

 From left to right, atomic radius decreases. 

 From up to down, atomic radius increase. 
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Ionic Radii 

 Ionic radius 

 Cations are smaller than their original atoms; 

 e.g. Na+ < Na, Ca2+ < Ca 

 Anions are larger than their original atoms; 

 e.g. O2- > O, Cl- > Cl 

 For isoelectronic, the higher the nuclear charge, the 

smaller the radius. 

 e.g. O2- > F- > Ne > Na+ > Mg2+ > Al3+ 
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Question 

 (1) Place the following ions in order of 

increasing ionic radius: S2-, Cl-, P3-. 

 

 (2) Which ion of each set has larger 

radius: (a) Ca2+, Ba2+; (b) As3-, Se2-; (c) 

Sn2+, Sn4+. 
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Ionization Energy 
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 First Ionization Energy (IE1): 

 energy required to remove the outermost e- in an atom 

 

 

 

 

 

 Successive Ionization Energy 

 Getting higher, and further ionize a full shell is hard. 



Ionization Energy 

 IE1 Changing trend: 

 Increase from left to right;  

 Decrease from up to down. 
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Electron Affinity 

 Definition: the energy change when an electron is 

added to the neutral species to form a negative ion. 

 

 

 

 

 

 Exothermic (give off heat) and Endothermic 

(Absorb heat) 

 cation + anion is exothermic; anion + anion is endothermic. 
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Questions 

 (1) Place the following ions in order of increasing ionic radius: S2-, Cl-, 

P3-. 
 

 (2) Which ion of each set has larger radius: (a) Ca2+, Ba2+; (b) As3-, 

Se2-; (c) Sn2+, Sn4+. 
 

 (3) Arrange the species of each set in increasing of IE1: (a) Al, P, Si; 

(b) Ca, Be, Mg; (c) Fe, Fe2+, Fe3+. 
 

 (4) Arrange the species of each set in increasing electron affinity: (a) 

P, S, Si; (b) Cl, Br, F, (c) H, H+, H-. 
 

 (5) Predict whether each change will be exothermic or endothermic: 

(a) Ca2+ + e-  Ca+; (b) S- + e-  S2-. 
 

 (6) What is the frequency in Hertz of photons that have energy of 

3.5*103 kJ/mol? (Note: This unit suggests there are 1 mol of photons.) 

41 



Energy of “Light”, (Electromagnetic Wave) 

 

 

 

 

 

 

 Energy of a photon:  E = hν = hc/λ; 
 ν: frequency of light, unit: Hz;  

 λ: wavelength of light, unit: nm;  

 c: speed of light, 3*108 m/s;     h: Planck’s constant, 6.63*10-34 J·s 

 n photons: total energy = n*E = n hν. 
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Spectrum 

 Energy is associated with electron 

transition from one orbital (energy state) to 

another. 

 Absorption spectrum: e- from a lower energy state to a 

higher energy state  Absorb energy; 

 Emission spectrum: e- from a higher energy state to a 

lower energy state  Give off energy. 
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Question 

 Q1: (a) Convert a wavelength of 546 nm to 

meter; (b) Convert a frequency of 300 GHz to 

Hz; (c) Which types of electromagnetic waves 

are in (a) and (b)? 

 

 Q2: What is the energy in Joules for a photon 

that has a wavelength of Q1 above?  

 

 Q3: What is the frequency in Hertz of photons 

that have energy of 3.5*103 kJ/mol. 
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 Full spectrum 

 

 

 Atomic spectrum 

 

 

 Molecular spectrum 

Spectrum 
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Absorption Spectra 

 Atomic spectrum 

 Sharp, narrow lines indicating energy difference 

between different orbitals (energy state). 
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Absorption Spectra 

 Molecular spectrum 

 Relatively wide bands (instead of narrow lines) indicating energy 

difference between orbitals. 

 Line widening is due to molecule’s flexibility and its interaction 

with environment. 
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Use Spectrum to Analyze Molecule 

 The positions of line adsorption provides 

qualitative information of molecule types; 

 Can also be quantitative.  
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Other Important Concepts of Spectra 

 Red Shift 

 Absorb lower energy 

(longer wavelength) 

 Blue Shift 

 Absorb higher energy 

(shorter wavelength) 

 Absorbed color and 

materials’ color is 

complementary – check 

the “color wheel”. 
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Question 
 Q1: Below is the absorption graph of a DNA solution. (a) What is the 

central absorption peak position (i.e. wavelength)? (b) What is the 

energy corresponding to this absorption? (c) If this is the only peak 

of this DNA solution, what is the color of this solution? 
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