
Atomic Structure and Periodicity

Chapter 7



Electromagnetic Radiation

• Energy that travels through space in the form of 
waves. (simplified definition)

• Wavelength (λ)– distance between 2 peaks
• Frequency (ν)- # of waves that pass a point per 

second
• Speed – EM Radiation travels at speed of light   

(c=3.0x108m/s)



EM Spectrum

• Which wavelength has the greatest energy?
• Which has the least energy?
• How are wavelength and energy related?
• How are frequency and wavelength related?



More About This Stuff

• Inverse relationship between frequency and 
wavelength.

• c = λν
λ = metersc = 3.0 x 108 m/s
ν = cycles = 1/sec = sec-1 = hertz (Hz)

• 1. What is the wavelength of light with a 
frequency 5.89 x 105 Hz?

• 2. What is the frequency of blue light with a 
wavelength of 484 nm?

HW: 31,32



Planck and Quatized Energy

• Found that energy is quantized.
• Matter can only absorb or emit certain 

quantities of energy.
• Like stairs as opposed to a ramp.



More Planck

• Determined a formula for the energy of a 
quantum (packet of quantized energy) and a 
constant that has his name (awesome).

• ΔE = hνor ΔE = hc/λ
ν = frequency of EM radiation
H = Planck’s constant = 6.63 x 10-34 J·s

1. Calculate the quantum (increment of energy) 
emitted at a wavelength of 520nm.

2. What wavelength of light is capable of 
emitting a quantum of 4.41 x 10-19 J?



Einstein EM Radiation is Quantized

• Planck said energy is quantized.
• Einstein hypothesized EM radiation is quantized.
• EM Radiation is now seen as traveling as waves 

AND a stream of particles (called photons).
• Energy of each photon is given by the equation:
• Ephoton = hν = hc/λ



Calculating Energy of Photons

34. What is the energy of a single UV photon 
and a mole of UV photons having a 
wavelength of 25nm?

40. It takes 208.4 kJ of energy to remove 1 mole
of electrons from the surface of rubidium 
metal. How much E to remove a single 
electron? What is the maximum wavelength 
capable of doing this?

HW: 33-39 odd



De Broglie’s Equation

• Now able to calculate the λ of a particle.
• Knowing E=hc/λand        E=mc2

• Then mc2 = hc/λ
• Som = h/λc
• But a particles speed is not the speed of light
• Som = h/λѵ
• Thereforeλ = h/mѵ

Note: Here ѵ = speed of particle in m/s
       m = mass of particle in kg



De Broglie Equation

1. Kyle Korver, an NBA player (and my future 
husband  ), shoots a basketball (m=926 g) 
with a velocity of 6.21 mph (2.78 m/s).  What 
is the de Broglie wavelength of the basketball?

2. What velocity would an electron (m=9.109x10
-31 kg) need for its de Broglie wavelength to be
that of red light (750 nm)?

HW: 41,43



Diamagnetism & Paramagnetism

• diamagnetic just means all e- are paired 
up

• paramagnetic means there is a loner in 
there somewhere

• paramagnetic atom (and molecules) are 
strongly affected by magnetic fields; not 
too much for diamagnetic



The Heisenberg Uncertainty 
Principle

• Werner H came along and 
said we can’t know both the 
position and the momentum 
of an electron

• meaning: we can’t know that
the electrons go around like 
little planets; we can just 
know probably where it is

7.5



• all this, and the important 
work of Schrödinger, 
taught us to treat the 
electron as a wave

• this idea revolutionized the
field

• this is how we see the 
atom now...



Quantum Numbers

• the positions of electrons with respect to 
the nucleus are described by quantum 
numbers

• each electron has four QN to narrow down
where it might be

• like four bits of an address to help specify
• shell, subshell, orbital, spin...

7.5-7.8



• shells: n = 1, 2, 3...

• “n” is called the principal quantum number

• almost always tells us average distance 
from nucleus (higher numbers indicate 
greater distance)

• also tell us relative energy (higher 
numbers indicate higher energy, less 
stability)

7.5-7.8



• subshells: ℓ = 0, 1, 2...

• aka angular momentum number

• this second QN tells us the shape of the 
electron’s orbital..

7.5-7.8



• first shell (n=1) has just one subshell: 
s (ℓ=0)

• second shell (n=2) has two subshells: 
s (ℓ=0) and p (ℓ=1)

• third shell (n=3) has three subshells: 
s (ℓ=0), p (ℓ=1), and d (ℓ=2)

• see a number pattern?

• ℓ will always be from 0 to (n-1)

7.5-7.8



7.5-7.8

• the shapes are:

• s = spherical

• p = dumbbell shaped

• d = cloverleaf



• at the first level there is just this 
one orbital (1s)

7.5-7.8



• at level two there are the one 
2s and three 2p’s

7.5-7.8



• at the level 3 there are one 
3s, three 3p’s and five 3d’s

• see another pattern yet?

7.5-7.8



• orbitals: mℓ = ... -1, 0, +1...

• this is called the magnetic quantum 
number, or orbital, and describes 
orientation in space

• where is orbital on the x, y, z axes? mℓ 

can tell you

• for now..

7.5-7.8



7.5-7.8

• the s subshell (ℓ=0) being spherical, can only be 
placed in one orientation: mℓ=0

• the p subshell (ℓ=1) has three different ways it can
be placed: mℓ=-1, mℓ=0, mℓ=+1

• the d subshell (ℓ=2) has 5 different ways to be 
placed in space: mℓ = -2, -1, 0, +1, +2

• m at any level will have the value -ℓ to +ℓ



• spin: ms = +1/2 or -1/2

• each orbital we’ve seen so far can house two 
electrons, one spinning one way, one the other 
way

7.5-7.8



• (ways of looking at orbital outlays)

7.5-7.8



• now we describe the electrons in a given 
element using all this QN junk

• be patient; it is really much easier than it 
first appears

• but first: gotta know a couple rules...

7.5-7.8



• aufbau from the German “to build up”
• when seeing how electrons are 

“configured” in an atom we have to start 
from the bottom and work the way up, low 
energy to hi energy

The Aufbau Principle

7.11



The Pauli Exclusion
Principle

• no two electrons 
can occupy the 
exact same 
orbital, so...

• every electron 
has it own unique 
set of 4 QNs

7.8



QN and the PT

• using the PT to tell QN is profoundly 
important and easy!

• the first two QNs (e.g. 3s) can be seen 
here....

7.11



7.11



• you can also see the Aufbau Principle 
when reading it left to right

• notice what happens to the filling order 
once you get past 3p... does it go to 
3d?

7.11



7.11





• 7.57-60

eocs



• the rule says that if you add 
an electron to a subshell it 
will go into one that is empty
and only “pair up” if it has to

Hund’s Rule

7.11



Electron Configurations

• putting all these rules together we can see
the way the electrons are configured 
around any element on the PT

• watch how I do it...
• now use the PT to do any electron 

configuration









7.11







• which of these is correct?



example

• sample exercise 7.7 (326)



eocs

• 7.69-72

• 7.75, 76, 80



Periodic Trends

• using the PT can show you how atoms 
might act

• understand these basic rules and you’ll 
go far...

7.12



• Electrons are attracted to the 
protons in the nucleus of an atom.
• the closer they are the more they are 

attracted
• the more protons, the more attraction

7.12



• Electrons are repelled by each other
• important b/c if there are outside electrons,

they are prevented from being attracted by 
the inside electrons

• called shielding

7.12



• Completed shells are a good thing.
• so if shells are incomplete they will lose or 

steal or share to get complete

7.12



• metals are on the left side of the PT
• they like to lose e-
• they make up the majority of the PT

7.12



• nonmetals are on the right side
• they tend to gain e- to form bonds

• metalloids are on the border b/t the two
• they have properties of both metals 

and nonmetals

7.12



• the atomic radius is
roughly the 
distance b/t 
nucleus and edge 
of cloud

• here are some 
things you should 
know...

Atomic Radius

7.12



7.12



7.12



• moving left to right we see the atoms 
getting smaller

• more protons mean a greater pull
• and although more e-, they are being 

added to same shell, so not much 
shielding from nucleus

7.12



• moving down a group, atoms get 
bigger

• a whole new shell is being added here so 
shielding really kicks in

• the greater p number is not able to whoop 
shielding

• now look at the ion size relationship
(after this film)...

7.12



8.4



• cations are smaller than their atoms
• when making positive ions, usually the 

whole valence shell falls off
• result is smaller

8.4



• anions are larger than their atoms
• adding e- increases the e-/e- 

repulsion so it gets bigger

8.4





• 7.85, 86, 89, 90

eocs



• knocking an e- off will cost you
• the amt of E needed to knock off the most 

loosely held e- is called first ionization 
energy

• knocking another one off that new cation is
called second ionization energy...

Ionization Energy

7.12





7.12



• this shows relative ionization energy
• which side doesn’t like losing electrons?



• IE increases going left to right
• as you go to the right, we get more protons
• more p’s hold on more tightly to the e-’s
• so it’s tougher to take them off
• so the IE increases

7.12



7.12

• why there are valleys along the way?



• why boron charges less than Be



7.12

• why the mini valley between O 
and N?

• N charges more b/c it is half-
filled; O gets to be half-filled so 
charges less

• why the decrease from He to 
Ne?...



• IE decreases going down a group
• each row down adds a shell
• the shells shield the valence e-’s
• therefore easier to knock off
• (more protons? true, but not enough to 

cancel shielding)

7.12



• see any patterns???

7.12



• 2nd IE is greater than the 1st IE
• take an e- away and there is less e-/e- 

repulsion and the remaining e-’s will move in
tighter

• and trying to take an e- from a cation is a 
pain

7.12



• remove enough e-s and ba-da-bing! 
suddenly it becomes almost impossible

• removing e-’s gets tougher until you lose a 
whole shell, then it ain’t happening

• for Na, the 1st EZ, 2nd fuggedaboutit
• for Mg, 1st and 2nd EZ, 3rd, no way
• etc.

7.12



• throw an e- onto an element
• if energy is given off, it is more stable
• if energy is needed to keep it there, it is less 

stable
• details not easy; just pretend it is the love an

element has for electrons

Electron Affinity

7.12



7.12





Electronegativity

• really important this one
• when atoms share electrons how badly does

this guy want them? = en
• F rules here
• the closer you get to F the more en it is...

8.2



8.2





eocs

• 7.87, 88, 121-123


