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Lecture 32 CH101 A2 (MWF 9:05 am)
Wednesday, November 28, 2018

For today ...

* More than one electron: Orbital (yikes!) approximation
* Electrical shielding

 Electron shielding of one electron by others

* Why Li is 1s%2s and not 1s?2p

« Effective nuclear charge

Next lecture: Building electron configurations

Note: We will not use Slater’s rules for Zgg;, so please ignore Mahaffy
etal, section 8.6, pages 289 to 291.
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[TF] Which electron cloud is the most stable?

25% 1. 2s

25% 2. 2p

25% 3. 2sand 2p have the same energy

25% 4. Further information needed.
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Suggest for final exam preparation

How to learn from your work on each exam
https://piazza.com/class/jk464yrf4u6laj?cid=728
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Orbital (!) approximation

Assign electrons to one-electron waves.

For historical reasons these are called orbitals (yikes!).

This assignment would be exact if electrons did not repel one another.

Because electron clouds are diffuse, repulsion is relatively small and so the
orbital approximation is a good starting point.
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Adjusting orbital approximation

There two adjustments that result in good results.

First, take into account the effect of electron cloud relative size and details, and
the resulting electrical shielding.

Second, take into account the quantum requirements that no more than two
electrons can be in the same electron cloud (Pauli principle).
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Why do atoms appear electrically neutral?
Electrical shielding!

The electron cloud negative charge electrically shields (offsets) the nuclear
positive charge.

Let illustrate how this works (in two dimensions), by showing that the charge
on a plastic rod (representing the nucleus) is shielded by opposite electrical
charge on a surrounding glass cylinder (representing the surrounding electron
cloud).
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Lesson of shielding demonstration

«_n

Glass cylinder, charge seen is

Bakelite rod, charge seen is “+”

Rod inside cylinder, charge seen is 0
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Why do atoms appear electrically neutral?

The electron cloud negative charge electrically shields the nuclear positive
charge.

Copyright © 2018 Dan Dill dan@bu.edu




Lecture 32 CH101 A2 (MWF 11:15 am) Fall 2018 11/28/2018 2:04 PM

ecture 32 CH101 A2 (MWF 11:15 am) Fall 2018 Copyright © 2018 Dan Dill dan@bu.edu

Why do ions not show their full nuclear charge?

The electron cloud negative charge electrically partially shields the nuclear

positive charge.
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Why do atoms appear electrically neutral?

In Li the nuclear charge +3 is reduced to net charge of 0 by the —3 charge of
the surrounding cloud of three electrons,

0=+3-3

BOSTON BOSTON
UNIVERSITY UNIVERSITY
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Why do ions not show their full nuclear charge? Why do ions not show their full nuclear charge?
In Li* the nuclear charge +3 is reduced to net charge of +1 by the —2 charge of

In Li?* the nuclear charge +3 is reduced to net charge of +2 by the —1 charge
of the surrounding 1s electron cloud, the two electrons in the surrounding 1s electron cloud,
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+2=+43-1 +1=+43-2
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[TF] Which electron cloud is the most stable? Li - A
i electron configuration
1. 2s

2. 2p In Li%* the 2s and 2p electron clouds have the same energy.
3. 2sand 2p have the same energy In Li the 2s is more stable (lower energy) than the 2p electron cloud.
4

Further information needed. Let’s learn what is going on.
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Li electron configuration Li electron configuration

It turns out that only two electrons can be in the 1s electron cloud (Pauli In Li the third electron must be in the next lowest-energy electron cloud.
principle).
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Li electron configuration

When there is more than one electron, the 2s electron cloud is slightly more
stable (lower energy) than the 2p electron clouds.
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Li electron configuration

In one-electron atoms the 2s and 2p electron clouds have the same energy
(they are degenerate).

BOSTON
UNIVERSITY
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The goal: Why Li is 1s22s and not 1s22p

The Li atom electron configuration 1s22s is more stable than 1s%2p.
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Electrical shielding of one electron by others

The reason is because the third electron is shielded differently by the two

electrons in the 1s cloud depending on whether it is in the 2s or 2p electron .
cloud. The reason is, the 2s electron feels a greater nuclear charge, Z, than does the
2p electron.
The following illustrations (http://goo.gl/hMNPLA) show qualitatively why
this is so.
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1s2 portion of Li electron cloud
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2s portion of Li 1s22s electron cloud
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2s outer loop of Li 1s22s electron cloud
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2s outer loop is shielded by 1s2 cloud
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For ~90% of 28, Zy quter = 0.90 x (3-2) = 0.9 2s inner loop of Li 1s22s electron cloud
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2s inner loop is not shielded by 1s2 cloud For ~10% of 2s, Z =0.10x3=0.3

eff,inner
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Zeff,ZS = Zeff,outer s Zeff,inner =09+0.3

BOSTON
UNIVERSITY
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Li 1s22s valence electron energy
E,,=-136 er%

1.22
= —13.6eV x == -4.90 eV

BOSTON
UNIVERSITY
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2p portion of Li 1s22p electron cloud
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2p is shielded by 1s? cloud
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For ~100% of 2p, Zyo, =1 x(3-2) =1 Li 1s22p valence electron energy

Zeszzp
Ejp=—13.6 eV x =22

2
=-13.6 eV X 1;: —3.40 eV

BOSTON
UNIVERSITY
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Li 1s22s more stable than Li 1s22p Electron cloud size and shielding

2 2 . _ -
E, = —13.6 eV x zef225 = —13.66V x 122 _ —4.90 eV When there ;s rr;ore than one ele.ctron, the one-electron-atom energy formula,

2 4 E, = —Ry Z*/n?, can be generalized to

Ziop _ 12 _ 2 2

Epp=—136eVx =2 =—136eV x=-340eV Orbital energy = —Ry X % =-13.6 eV X [1:2”
The reason is, the 2s electron feels a greater nuclear charge, Z ¢ than does the where Z is the effective nuclear charge.

2p electron. . . AT
. Z o is smaller than the number of protons, to take into account shielding

(cancellation) of some of the protons charge by other electrons that are closer
to the nucleus.
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Orbital size and shielding Orbital size and shielding
The approximate size of the orbital is We get Z.¢ from the ionization energy of the orbital:
2 2

Orbital radius ~ 50 pm X % IE orpita1 = Eoo = (= 13.6 €V X %)

. 2
This means ... =0+ 13.6 eV X %

the more loops, the bigger the orbital cloud, and ... ,

=13.6 eV x 2Lt
the larger Z g, the smaller the orbital cloud. ’ n2
The smaller Z _; and the larger n, the more easily the electron can be ionized.
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Orbital size and shielding

Note: We will not use Slater’s rules for Zgg .

So please ignore Mahaffy et al., section 8.6, pages 289 to 291.
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