Announcements

 Mid-term exam: 01/29, Tues, in class
— Chapters 7 and 8

— Open book and open lecture notes but no personal notes
or electronics

— 6 questions
* 1 question from each homework set

* 1 true/false question (multiple sub questions)
* Learning experience while taking exams

— More conceptual, simple calculations if any.

— Review sessions voting

Fri, 3-5 pm, 4-6 pm, 5-7 pm, 6-8 pm

Mon, 10-12pm, 11-1 pm, 12-2 pm, 5-7pm, 6-8pm, 7-9pm



Lecture 6 Topics:

Periodic table trends
Paschen-Back Effect

Zeeman Effect

LS coupling

Energy split under magnetic field
Spectral line split
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Periodic Table: Two basic rules

A system of particles is stable when its total energy is a
minimum

Only one electron can exist in any particular quantum state
in an atom (exclusion principle).

Extending from energy levels conceived from the hydrogen
atom solutions

Hbrn iy = Bt
inpmhmi = Il + 13'?121}-'}?:,:,#1;
LWty = M
Lower Energy can be obtained
— When nis lower.
— With a given, when [ is lower.
— With a given /, parallel spin arrangements lower energy.



What we know so far:

Number of electrons in each atom

Electrons should be in one of the orbitals determined by n,
[, and m,
— n limits what types of | orbitals an electron can occupy.
— Each | orbital has 2I+1 possible m, states:
e sorbital (I=0)=1
 porbital (I=1)=2x1+1=3
 dorbital (I=2)=2x2+1=5
e forbital (I=3)=2x3+1=7
Due to electron’s spin where %2 and — % are possible, each
m, orbital can have two additional possible states.

As a result, in each n, there are 2n? possible energy states.
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Noble Gases
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Noble Gases

He (2) = 1s2

Ne (10) = 1s2 2s2 2ps

Ar (18) = 1s2 252 2pe 352 3ps

Kr (36) = 1s2 252 2ps 3s2 3ps 3d10 452 4ps

Xe (54) = 1s2 2s2 2ps 352 3ps 3d10 4s2 4ps 4d10 552 5ps

Rn (86) = 1s2 252 2ps 352 3ps 3d10 4s2 4ps 4d1o 4f14 552 5pe 5d10 652 6ps
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Angular Probability Density
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lodized Helium

Example: ionized Helium where the nucleus has a charge of +2e and the orbiting electron has a
charge of —e.

In that case,

Ep nycrogen = — ot (D =— () (255) D =- () (3) = —136ev )

BMELGn r

Ey hydrogentike — .-;1;319 1}:1 (_:I'— - ( Z 5)(41 ) (—]— —(Bii;) (:—z) = —13.6eV [j—:]

+2e



lodized Helium

Example: ionized Helium where the nucleus has a charge of +2e and the orbiting electron has a
charge of —e.

In that case,

Ep nycrogen = — ot (D =— () (255) D =- () (3) = —136ev )

BMELGn r

Ey hydrogentike — .-;1;319 1}:1 (_:I'— - ( Z 5)(41 ) (—]— —(Bii;) (:—z) = —13.6eV [j—:]

The most probable r vale for the orbital /=n—1

Fn l=n-1 rmuf!pmbabfe,.l hvdrogen = ?'I‘ﬂ'ﬁ

¥ n, I=n-1 (mostprobabls) lvdmesnlike zﬂ g

Bound energies are deeper by Z 2 the orbital most probably radii smaller by é
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lonization Energy

Figure 8.16 First ionization energies of the elements.
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where s is a number intrinsic to a given particle
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where s is a number intrinsic to a given particle
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Magnetic moment under an external magnetic field
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Orbital angular momentum
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Orbital angular momentum
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Strong g : Paschen-Back Effect
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Strong g : Paschen-Back Effect

< S Sz i=—()L
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E

strong magnetic field

=
=E, +—(m; 1+ 2 hB
n + 29m [:m; + mﬂ'] =

For a 2p electron, how many states are available and how much energy is deviated
from the E_ value for each state?



Weak B : Zeeman Effect
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Weak B : Zeeman Effect
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Weak B : Zeeman Effect

wherej=|l—s|,|l—s|+1,..[1+ 5] — 1|l + 5]

where m; = —j,—j+1,..,j—1,j

For a 2p electron, how many states are available?
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How strong is strong?

 What is the amount of energy comparable to
LS coupling?

* Consider: a 2p electron

—n=2, 1=1, and r = n?a3, =4a,

B=—" 1-2R=028T

drm (4a,)®

U=u.BE=2x10" eV




. 2p3; —18, 5 In a weak external magnetic field of .05T

Obtain energy split for each.

Draw an energy diagram without B and with B.
Indicate how the energy without B is split
when B is present.
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. 2p3; —18, 5 In a weak external magnetic field of .05T

m.h

+3/2 Calculate
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. 2p3; —18, 5 In a weak external magnetic field of .05T

mjh:
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. 2p3; —18, 5 In a weak external magnetic field of .05T

mjh:
+3/2 Calculate
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. 2p3; —18, 5 In a weak external magnetic field of .05T
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. 2p3; —18, 5 In a weak external magnetic field of .05T

m.h Selection Rule
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. 2p3; —18, 5 In a weak external magnetic field of .05T
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Calculate photon energy:



. 2p3; —18, 5 In a weak external magnetic field of .05T
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Calculate photon energy:
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