Electronic Structure and Periodicity
Lesson #1 Prelims and History

I. The Atom

Give bulleted overview of Dalton through Rutherford model of the atom: 









Dalton’s model of an atom of copper and the contemporary model of an atom of copper




Isotope and notation:

Mass spectrometer (1st of three major spectrometers tested on exam)

Experimental evidence for the contemporary model 








Average Mass and mass spec 
What it does:

What principles concerning the nature of matter allow the mass spectrometer to accomplish this:











(hand out mass spec insert)


What is meant by a “representative atom”
[bookmark: page1]




II. Light

Terms before we start:

Endothermic 

Exothermic

Ground state

Excited state

Give a bulleted overview of development of theories on light behavior













When light interacts with atoms, photons of certain colors are seen, what did Bohr theorize was happening?













ER Spectrum:

[image: http://en.es-static.us/upl/2012/05/em_spectrum.png]

Closer look at the relationship between wavelength, frequency, and energy and appropriate units.















Summary of where we are at in understanding of atomic behavior















Then we take a 180:













Schrodinger’s Wave equation: areas of probability.

Orbitals

	Energy level (n)
	Orbital
	Shape
	# of orbitals 
	# e‑ per orbital type
	Total #e-

	1
	s
	
	
	
	

	2
	s
p
	
	
	
	

	3
	s
p
d
	
	
	
	

	4
	s
p
d
f
	
	
	
	



Degenerate orbitals
Electron spin
Shell/subshell
Energy differences of shells/subshells


How electrons fill the orbitals of a ground state atom
· Aufbau  principle: occupy lowest energy level possible
· Pauli exclusion principle: two electrons of same spin cannot occupy same orbital
· Hund’s rule: don’t share till you have to
· Aufbau exception: apparent violation of aufbau principle



Orbital notation for 2nd period elements to demonstrate the rules

Li			Be			B				C

N				O				F				Ne

Electron Configuration for 3rd period to show last rule:

Na:			Mg:			Al:			Si:

P:			S:			Cl:			Ar:

K:			Ca:			Sc:			Ti:


Note on chromium, copper, and silver configuration (hybrid noble gas and orbital configuration)

Cr: [Ar]

Cu: [Ar]

Ag: [Kr]



Electronic configuration and recognizing Paramagnetic and Diamagnetic atoms























Lesson 2: PES and validation of shell model of the atom

Experiments that revealed the inside of atom
Thomson—cathode ray, revealed electron
Rutherford—gold foil, revealed the positive nucleus
Bohr (and others)—hydrogen line emission, revealed the organization of electrons

Schrodinger’s equation then mathematically theorized the organization of electrons, but did not experimentally prove it.

With amazing detectors, we have experimentally shown that molecules and atoms are affected by low energy ER, and then high energy ER can affect the displacement of electrons:

	Radiation type
	Aspects probed

	Microwave
	Molecular rotation

	IR
	Molecular vibration

	Visible
	VE transitions

	UV
	VE transitions

	x-ray
	ICE transitions




Photoelectron spectroscopy: bombard sample of atoms with specific amounts of energy, relate to number of electrons that are removed from the atom. (experimental validation of the shell model)



























































































Energy calculations

Draw Bohr model of a ground state sodium atom.  Think about the energy holding the electron in its orbital.  Let’s say you wanted to remove an electron from the 3rd vs 1st energy level.  The energy require to remove 1 electron is called ionization energy.  We progress from VE to ICE and number them.  
3rd energy level:  495 kJ/mol    1st energy level:  1.03 x 105 kJ/mol
Determine the wavelength of light that is needed in each instance.















Lesson 3: Ion formation and electronic configuration

What is an ion?  How are they formed?




Collectively what groups lose electrons to form cations? Gain to form anions?



What is the goal in either gaining or losing valence electrons (main group)?


Compare the following orbital notation of nitrogen through aluminum atoms and ions

Atoms						ions
N:

O:

F:

Ne:

Na:

Mg:

Al:


Isoelectronic series:



What would be another example of an isoelectronic series?





What would not be considered an isoelectronic series:



Transition Metals and Ion formation

What orbital type do transition metals lose electrons from first?  With that in mind, what charge do most transition metals have?


Multiple oxidation states of transition metals:


Sc:


Fe:


Special note on Zinc, Silver, Tin, Lead, and Bismuth





Transition metal ions and color (and evidence of aufbau exception)












Metallic character?????





Empty orbitals to draw from???








Lesson 4: Periodic Trends

Difference between a group and a period



Trends:
· Define
· Know direction of increase
· Explain the direction of increase
· Write an appropriate equation (if applicable) and relate to endothermic/exothermic 

NOTE:  stating the trend is NOT an explanation.  

Ex:  Q:  why is fluorine more electronegative than oxygen
       A:  because electronegativity increases across a period.  (NOT the right explanation)

Define the following trends, then give the direction of increase:

Atomic radii (size of atom)/ion size:

Ionization energy:


Electron affinity:


Electronegativity:


WHY??
Two factors determine these trends

Across a row:
Zeff  (effective nuclear charge)



Down a group:
Distance of the VE from the nucleus







Writing equation for IE and EA






[image: ]Interpreting successive IE data
(Usually only used on metals)

What group might this come from?
What type of ion would it form?
#ICE and VE?


Why do trends fall apart through the transition metals?



Classic Anomalies in trends and why

	Periodic property
	Anomalies
	explanation

	
1st IE

	
	

	
1st IE

	
	

	
EA
	
	


 
Lesson 5: Misc on trends and anomalies

Many periodic tables struggle with where to put hydrogen. Many place it above group 1 alkali metals, and some place above group 7 halogens. Explain the merits of both placements.  




Going down group 14



metalloids



Ion formation and size implications





Ion size within an isoelectronic set





Explaining trends OR comparing two:  must refer to both—or listed two factors



















[bookmark: _GoBack]Unit 1 Homework:


	year
	Number
	parts
	comment

	1999
	2
	Omit 2b ii
	2b ii no longer tested

	2000
	7
	a,b,c
	

	2002
	6
	a, b
	

	2003B
	7
	All
	

	2005
	7
	c, d
	

	2006b
	7
	a,c,d
	

	2006
	8
	All (except e)
	

	2007b
	2
	All (part a no longer tested)
	A: 90.5% Ne-20
      9.5% Ne-22

	2007b
	6
	All
	

	2008
	5
	a-c
	

	2009
	6
	a,b
	

	2009
	3
	b,c
	

	2015
	1
	e
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Sample Question #1

Which element could be represented by the complete 

PES spectrum below?

(A) Li

(B)  B

(C)  N

(D) Ne
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Sample Question #1

Which element could be represented by the complete PES spectrum below?

(A) Li		 (B)  B	(C)  N		(D) Ne









So if you look at the data here, you can see that there's clearly two energy levels and that the second energy level is split into sublevels.  And that you've got, basically, a ratio of 2:3 between the s and the p sublevel.  And so this one clearly corresponds to a nitrogen atomic spectrum.
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Given the spectrum above, identify the element and its electron 

configuration:

2

s
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Analyzing data from PES
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Given the spectrum above, identify the element and its electron configuration:

2s2



3s2



3p1



B 

Al 

Si 

Na



Analyzing data from PES







Looking at the spectrum, could you assign an electron configuration for this element and identify the element as well?  You could present this either as a free response question or as a multiple choice question, but we'll treat it as a multiple choice question here.

 

So looking at these four choices, if you go through the spectrum and analyze which sublevels are present, you can assign the number of electrons based on peak height.  Doing all of that, if we look at the electron arrangements and break down these primary energy levels into the sublevels that are present and if we look at peak height and reason out proportionality of heights to number of electrons, we should be able to arrive at the electron configuration of aluminum.

 

Now, one note here about the axes.  When you run a pure sample, the peak heights -- or really it's the area under the curve -- is proportionate to the number of electrons that have that particular binding energy.  So if you look at spectra online and in published books and activities, you may see them label the axes as relative number of electrons, as I've done here.

 

And that's because the signal intensity is proportionate, for the most part, to the number of electrons as long as you're dealing with a pure sample.  The only thing that will change the relative number of electrons is the number of electrons within each sublevel of that atom.  But again, this only really works for pure samples.  It does not work on mixtures.
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Quick Check – Can You Now Translate Between These Representations of Mg?
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So to check your own understanding, do you now have enough information to translate between these various models of the atom from magnesium?  



You should hopefully feel very comfortable at representing knowledge about the electron arrangement of magnesium in a variety of ways.  And knowing that these models have been refined and replaced and improved as new data has come alone. And photoelectron spectroscopy is one of those places where we've gotten data to directly support our subshell model of the atom and our ideas about electron configurations.
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Element IE

1

IE

2

IE

3

IE

4

IE

5

IE

6

IE

7

Na 495 4,560

Mg 735 1,445 7,730

Al 580 1,815 2,740 11,600

Si 780 1,575 3,220 4,350 16,100

P 1,060 1,890 2,905 4,950 6,270 21,200

S 1,005 2,260 3,375 4,565 6,950 8,490 27,000

Cl 1,255 2,295 3,850 5,160 6,560 9,360 11,000

Ar 1,527 2,665 3,945 5,770 7,230 8,780 12,000
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So we're going to look at a different system now.  We clearly have a different atom here.  Think first what you would expect the spectrum for this atom to look like based on what you saw for lithium.  So would you expect two peaks, one you expect one peak, would you expect three, would you expect them all to have the same energy, different energies?  Just take a moment to think through it, and then I'll run the animation.  And we'll sort of see what happens as the spectrum builds up.

 

So is there anything that looks different about this spectrum compared to what we saw last time with lithium?  We still definitely see a splitting of energy between the first energy and the second energy level.  But if you look to the right-hand side of the spectrum, we have an additional peak that we didn't see before.

 

So clearly, there is something different about boron than what we saw with lithium.  And if we compare the spectrum side by side, you can see a couple of things.  First of all, we still see one peak bigger than the other, so there's more electrons on that first energy level than there were in the valance shell or the outer most subshell for boron.  But we also see a couple of things.

 

There's something in boron about the second energy level that lithium didn't have.  So now we have an experimental observation, some actual data that we can put in front of our students to start to build the idea that even within the second energy level there are further refinements to our model that we now need to introduce the idea of subshells.

 

So you can use this data to introduce the idea of S, P, and D sublevels and the varying electron energy that is there.  PES provides direct evidence that the Bohr Model does not fully describe the electron shells.  And our subshell model provides a further refinement to his first model presented.

 

This addresses rather neatly learning objective 1.12 or 1.12 that a student should be able to explain why given sets of data suggest or do not suggest the need to refine the atomic model from a classical shell model to the quantum mechanical model.  

 

So photoelectron spectroscopy inches us closer to the quantum mechanical model of the atom in a way that's data driven and a little bit more concrete than just presenting students with a list of orbital filling diagrams or asking them to memorize a set of quantum numbers or a sort of tangential reference to the Schrodinger equation.  Which students at this level would be very unlikely to understand the mathematics and the computations and trying to resolve that equation are simply too complex.  

 

I do want to point out one limitation of this model that I've presented in front of you and that I've built with this animation.  I've presented a set of atoms that are stationary and this is indicative of the solid phase and photoelectron spectroscopy is often done with solid-phase elements.  But this does provide one complication to the data analysis. 

 

So if you're familiar with the photoelectron effect, then you know that there is a work function involved with removing electrons from bound atoms in the solid state because some of the electrons are tied up in bonding orbitals, and this adds one just additional level of energy that has to be overcome.

 

PES can be run on individual gaseous atoms as well.  And this eliminates the need for the work function since atoms are individualized in the gas phase, whereas in the solid phase, they're clearly all stuck together.

 

Attempting to illustrate that gas phase version of photoelectron spectroscopy would have just been too complex, and I wanted to keep the animation as clear as possible for my students.

 

So for your own knowledge, I think it's important to know that there are limitations on the model that I presented with you here.  I don't think that students need to know that particular limitation.  The simulated spectra that we'll be using on the following slides usually are collected from gaseous atoms not bonded in the solid state, are meant to represent gaseous atoms.

 

But many of the published spectra that you're going to find on photoelectron spectroscopy will commonly be for solid-state atoms and compounds.  So just be aware that both methods of data collection are possible, but the gaseous systems are much easier to analyze and provide much cleaner data for analysis. 
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