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Core electrons vs. Valence Electrons

 Lower energy electrons, 
innermost electrons which 
shield the outermost electrons 
from the positive charge of the 
nucleus

 Rarely participate in bonding

 Higher energy, outermost 
electrons that don’t feel as 
much of the positive pull of the 
nucleus

 Regularly participate in 
bonding

 Equal to the sum of electrons in 
𝑠 and 𝑝 orbitals of the highest 
occupied shell.

Core electrons Valence electrons



Valence Electrons



Valence Electrons

Identify the number of valence electrons in the following 
elements

A. Selenium

B. Lithium

C. Silicon 



Atomic Radius

 Atomic radius size increases as one goes to the left and 
down the periodic table



Atomic Radius

Which of the following shows the atoms C, Al, and Si in order 
of increasing atomic radius?

A. C, Al, Si 

B. Si, Al, C

C. C, Si, Al

D. Al, Si, C



Ionic Size (Anions)

9+ 9+

9e− 10e−

Fluorine Atom (F) → Fluoride Ion (F−)

The added number of electrons increases the amount of electron repulsion.  In 
response, the electron cloud gets bigger in order to accommodate the added 

repulsion



Ionic Size (Cations)

11+ 11+

Sodium Atom (Na) → Sodium Ion (Na+)

11e−

10e−

The decreased number of electrons decreases the amount of electron repulsion.  
In response, the electron cloud gets smaller.



Isoelectronic Series

6+8+ 7+

7e− 7e−

7e−

O+ N C−

Substances in isoelectronic series have the same number of electrons



Ionic Radius

Which of the following would you expect to have the largest 
ionic radius?

A. O+

B. O

C. O−

D. O2−



First Ionization Energy

 The first ionization energy of an atom is the minimum energy needed 
by a photon to remove the highest-energy (that is, the outermost) 
electron from the neutral atom in the gaseous state

Li 1𝑠22𝑠1 → Li+ 1𝑠2 + e−

 First ionization energy generally increases as one goes to the right and 
up the periodic table



Ionization Energy

Using periodic trends, arrange the following elements by 
increasing first ionization energy: Ar, Na, Cl, Al



Second Ionization Energy

 Accordingly, the second ionization energy of atom is the minimum 
energy needed to remove the second-highest energy electron from the 
cation of the atom with a +1 charge

Li+ 1𝑠2 → Li2+ 1𝑠1 + e−

 The second ionization energy will always be larger than the first 
ionization energy since the second ionization energy involves pulling 
an electron from a cation



Key Information about Orbital Energies

 Filling a subshell lowers the energy of all of the electrons in that subshell

 Adding a new electron to a subshell in a higher energy shell adds a significant 
amount of energy to the atom

 Adding an electron which results in the first spin pairing results in a lot of 
energy due to the new electron repulsion in that orbital
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Ionization Energy Trend Deviations



Successive Ionization Energies and the Quantum 
Leap

Element First Second Third Fourth Fifth Sixth Seventh

H 1312

He 2372 5250

Li 520 7298 11,815

Be 899 1757 14,848 21,006

B 801 2427 3660 25,025 32,826

C 1086 2353 4620 6222 37,829 47,276

N 1402 2857 4578 7475 9445 53,265 64,358

O 1314 3388 5306 7469 10,989 13,326 71,333

 Successive ionization energies get increasing large

 The quantum leap is a large increase in successive ionization energies 
that refers to pulling the first core electron from an atom



Ionization Energy

When trying to remove electrons from Be, which of the following sets of 
ionization energies makes the most sense going from first to third 
ionization energy?

A. First IE 900 kJ/mol, second IE 1,750 kJ/mol, third IE 15,000 kJ/mol

B. First IE 1,750 kJ/mol, second IE 900 kJ/mol, third IE 15,000 kJ/mol

C. First IE 15,000 kJ/mol, second IE 1,750 kJ/mol, third IE 900 kJ/mol

D. First IE 900 kJ/mol, second IE 15,000 kJ/mol, third IE 22,000 kJ/mol



Electron Affinity

 Electron affinity is the energy change for the process of adding an 
electron to a neutral atom in the gaseous state to form a negative atom 

Cl Ne 3𝑠23𝑝5 + e− → + Cl−([Ne]3𝑠23𝑝6)

 If the negative ion is stable (does not spontaneously disintegrate into 
the natural atom and free electron), the energy change for its formation 
is a negative number.

 Larger negative numbers such as this indicate that a very stable 
negative ion is formed

 Smaller negative numbers indicate that a less stable ion is formed.



Electron Affinity

B 1𝑠22𝑠22𝑝1 + 𝑒− → B− 1𝑠22𝑠22𝑝2 E. A. = −23
kJ

mol

C 1𝑠22𝑠22𝑝2 + 𝑒− → C− 1𝑠22𝑠22𝑝3 E. A. = −123
kJ

mol

N 1𝑠22𝑠22𝑝3 + 𝑒− → N− 1𝑠22𝑠22𝑝4 E. A. = 0
kJ

mol

O 1𝑠22𝑠22𝑝4 + 𝑒− → O− 1𝑠22𝑠22𝑝5 E. A. = −141
kJ

mol

F 1𝑠22𝑠22𝑝5 + 𝑒− → F− 1𝑠22𝑠22𝑝6 E. A. = −322
kJ

mol



Electron Affinity

 Electron affinity generally increases as one goes to the right and up the 
periodic table



Electron Affinities

From what you know in a general way about electron 
affinities, state which member of each of the following pairs 
has the more negative value: 

A. As, Br

B. F, Li



Electron Affinity Trend Deviations



Ionization Energy and Electron Affinity

 Corresponds to 
gaining e−

 Values become 
more negative
values as one 
goes up and to 
the right in the 
periodic table

 Affected by 
going from one 
subshell to 
another

 Affected by spin 
pairing e− in an 
orbital

 Corresponds to 
loosing e−

 Values become 
greater positive
values as one 
goes up and to 
the right in the 
periodic table

Ionization Energy Both Electron Affinity



Trend Deviations

Sodium has a greater affinity for electrons than magnesium.  Which of the 

following explains sodium’s greater affinity for electrons?

A. The electron affinity of magnesium corresponds to adding the first 

spin pairing to the 2p subshell

B. The electron affinity of magnesium corresponds to adding the first 

electron to the 2p subshell

C. Electron affinity generally increases as one goes towards the left and 

down the periodic table

D. Electron affinity generally increases as one goes towards the right 

and up the periodic table



Metals vs. Nonmetals

 Have small positive values for 
ionization energy

 Thus, it doesn’t take much energy 
for them to lose an e− and form a 
cation

 Have small negative values for 
electron affinity

 Means the system doesn’t loose a 
lot of energy when gaining an e−

 Thus, the system doesn’t get a lot of 
stabilization by gaining an e− and 
forming an anion

 Have large positive values for 
ionization energy

 Thus, it takes a lot of energy for 
them to lose an e− and form a 
cation

 Have large negative values for 
electron affinity

 Means the system looses a lot of 
energy when gaining an e−

 Thus, the system gets a lot of 
stabilization by gaining an e− and 
forming an anion

Metals Nonmetals



Ion Formation

 Group 1 atoms normally form ions 
with a +1 charge since they have 
low first ionization energies

 Group 2 atoms normally form ions 
with a +2 charge since they have 
low first and second ionization 
energies 

 Group 13 atoms normally form 
ions with a +3 charge since they 
have low first, second, and third 
ionization energies.

Cations



Ion Formation

 Group 1 atoms normally form ions 
with a +1 charge since they have 
low first ionization energies

 Group 2 atoms normally form ions 
with a +2 charge since they have 
low first and second ionization 
energies 

 Group 13 atoms normally form 
ions with a +3 charge since they 
have low first, second, and third 
ionization energies.

 Group 17 atoms normally form 
ions with a -1 since gaining one e-

fills the subshell

 Group 16 atoms normally form 
ions with a -2 charge since gaining 
two e- fills the subshell

 Group 15 atoms normally form 
ions with a -3 charge since gaining 
three e- fills the subshell

Cations Anions



Ion Formation

 Group 1 atoms normally form ions 
with a +1 charge since they have 
low first ionization energies

 Group 2 atoms normally form ions 
with a +2 charge since they have 
low first and second ionization 
energies 

 Group 13 atoms normally form 
ions with a +3 charge since they 
have low first, second, and third 
ionization energies.

 Group 17 atoms normally form 
ions with a -1 since gaining one e-

fills the subshell

 Group 16 atoms normally form 
ions with a -2 charge since gaining 
two e- fills the subshell

 Group 15 atoms normally form 
ions with a -3 charge since gaining 
three e- fills the subshell

Cations Anions

Group 14 atoms normally don’t form ions since it requires a lot of energy to gain 
or loose 4 e−



Ionic Bonds

 Atoms held together by electrostatic attraction between cations and 
anions

 Primarily between metals and nonmetals

 Involves electron transfer



Ionic Lattice Formation

Na 1s22s22p63s1 → Na+ 1s22s22p6 + e−

Cl 1s22s22p63s23p5 + e− → Cl− 1s22s22p63s23p6


