CHAPTER 8
Atomic Physics

= Allowed solutions to Schrodinger equation for two non-

interacting particles accounting for their indistinguishable
property

s Bosons and fermions, Pauli’s exclusion principle again

m 8.1 Atomic Structure and the Periodic Table

What distinguished Mendeleev was not only genius, but a
passion for the elements. They became his personal friends; he
knew every quirk and detail of their behavior.

- J. Bronowski

Suffices for this chapter, derived results are
yr . — R Y. X numerically nearly correct, also we do allow
By nE"tme "M tor an inclusion of effects of the fourth
dimension (by multiplying what goes on in
3D with the spin wave function)
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Figure 9.14 The scattering of two electrons as a result of their mutual repulsion.
The events depicted in (a) and (b) produce the same outcome for identical
electrons but are nonetheless distinguishable classically because the path taken
by each electron is different in the two cases. In this way, the electrons retain
their separate identities during collision. (¢) According to quantum mechanics,
the paths taken by the electrons are blurred by the wave properties of matter.

In consequence, once they have interacted, the electrons cannot be told apart in
any way!

N esitonl sasticles caiinion iEsaaia A consequence of the uncertainty principle

apart in any way—they are truly indistinguishable

There is no path for a quantum mechanical object to follow, uncertainty
principle forbids this 2



The time-independent Schrodinger equation for two particles of mass m But without spin,

2 ghll(x,, x,) g2 OM(x,, x,)

so it is not really

- e —+ Vl(x,, x,) = Eb(x, x)) convincing

2m X7 2m ax2

2

if do not interact, hc:rwevar we can write V as V (x,) + V,(x,) But this is not reasonable !

one-dimensional infinite square well solve the Sa.,hr:}dmger equation only inside the well where V =0
Could also have two parts: L, and L,

The single-particle product solutions are

q"nm[.xl o IE) = l"‘n[‘xlm'[m{.xl) 7-58
where  (x ) and {_(x,) are the single-particle wave functions for an infinite square
well given b}r Equation 6-32. Thus, forn = 1 and m = 2, /

X, 2oy,

b, =C sin —sin ——

Ly Ly evenifonly one part

The probability of finding particle 1 in @x, and particle 2 in dx, is Hl(x x Jl| dx, dx,,
which is just the product of the sepa:ate probabilities [Y(x ﬂ dx, and |¢(1 }|
However, even though we have labeled the particles 1 and 2, if rhey are identical, we
cannot distinguish which is in dx, and which is in dx,. For identical particles, there-
fore, we must construct the wave function so that the probability density is the same
if we interchange the labels:

|"|"(I[= Ig)‘z = ‘d"(xza ‘II.)|2 T-60

Equation 7-60 holds if «(x,, x,) is either symmetric or antisymmetric on ex-
change of particles—that is,

If that made sense, the
particle that we could find at x
= % L needed to be always
the one in state n = 1 (the
other particle has zero
probability there), if we were
to change labels the same
condition would apply - so we
would violate the condition
that quantum mechanical
particles are indistinguishable
as a consequence of the
uncertainly principle, so it
cannot make sense

l.[l()."z, xl) = +¢[II, 12] symmetric

lLI(IE, xl) = —i(x,, x,) antisymmetric




We note that the general wave function of the form of Equation 7-58 and the example
(Equation 7-59) are neither symmetric nor antisymmetric. If we interchange x, and x,,
we get a different wave function, implying that the particles can be distinguished.
These forms are thus nor consistent with the indistinguishability of identical particles.
However, from among all of the possible linear combination solutions of the single
product functions, we see that. if s and W, are added or subtracted, we form sym-

tmn

metric or antisymmetric wave functions necessary to preserve the indistinguishability
of the two particles:

Two basic types of particles,
b = CL ), () + ), (x| symmetsic +——_ 0 0ns (integer spin) and

Ur, = ClUn(x () — b, (x,),(x)] antisymmetric «——fermions, (half integer spin)

When n = m for both particles, wavefunction = zero
Pauli Exclusion Principle

There is an important difference between the antisymmetric and symmetric combina-
tions. If n = m, the antisymmetric wave function is identically zero for all x, and x,,
whereas the symmetric function is not. More generally, 1t i1s found that electrons
(and many other particles, including protons and neutrons) can only have antisym-
metric fotal wave functions, that is they are fermions
=R X 7-61

nfmpm, ni" fmg “"m,

where R, is the radial wave function, ¥, is the spherical harmonic, and X_ is the spin wave function

Matter is composed of fermions, half integer spin,

Paraphrasing Winston Churchill: not everybody at the horse races is a crook, but all the crooks are at the
horse races: Not all bosons are force particles, but all force particles are bosons



Pauli Exclusion Principle

= To make sense of atomic spectroscopic data of the anomalous
Zeeman effect, Pauli proposed his famous exclusion principle:
No two electrons in an atom can have the same set of
quantum numbers (n, €, m,, m,).

= It applies to all particles of half-integer spin, which are called
fermions, electrons and composite particles (protons and

neutrons) in the nucleus are fermions. Each of the latter (composite)

particles is composed of three quarks — which are also fermions, spins add up,
so no chance for them to become a boson)

The whole periodic table (chemical properties) can be
understood by two rules on the basis of the hydrogen atom:

1) The electrons in an atom tend to occupy the lowest energy levels
available to them.

2) Pauli exclusion principle.




Hydrogen atom model, Schrodinger plus spin

The principle quantum number has letter codes.
n= 1 2 3 4
Letter = K L M N

n = shells (e.g.: K shell, L shell, etc.)

n and { together for subshells (e.g.: 1s, 2p, 3d — where leading
number refers to principal quantum number

iIn each hydrogen-analogous orbital (3D spatial
wavefunction-squared) there can only be up to two
electrons with opposite spin




Number of sub-shells of each type (2f + 1)

Since n = 3, M shell
three sub-
shell types,
first is called
3s (/= 0),
second 3p (/
= 1), and third
3d (/=2),18
electrons
max when all
9 sub-she
are filléd
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Since {
=0, just
one sub
shell

called s

lwp=1'z=u

+

3 =

Since n = 2, two sub-
shell types, one is
called s (/= 0) the other
p (/=1), 8 electrons
max in this shell when
all 4 sub-shells are filled

Filled and half-filled shells and sub-shells result in spherical symmetric electron
density distributions for the corresponding atoms, (Unsoeld’s theorem)



Atomic Structure

Hydrogen: (n, {, m,, m.) = (1, 0, 0, £72) in ground state. Both spin states
with same probability

= In the absence of a magnetic field (and ignoring hyper-fine structure
and spin orbit coupling), the state m, = 2> would be degenerate with the
m, = =", state. (different wavefunction but same energy)

Helium: (1, 0, O, %) for the first electron, (1, 0, 0, —%%) for the second
electron.

= Electrons have anti-aligned (m, = +’2 and m, = =) spins, they are
being paired and spins cancel, total spin becomes an integer (0), i.e.
the whole particle becomes a boson, composed of fermions (which are
subject to the Pauli exclusion principle, nuclear spins cancel also,
happens at there are two protons and two neutrons).

Electrons for H and He atoms are in There is no sub-shells at all for n =

the K shell. 1, because /= 0, meaning m,also =
H: 1s He* 1s' just like H 0, so just one set with spatial (3D)
He: 1s2 Li**: 1s'just like H quantum numbers (1, 0, 0, £1%)

Number of sub-shells is number of sets with unique spatial (3D) quantum numberss



No more than one electron may occupy a given quantum state specified by
a particular set of single-particle quantum numbers n, £, m,, m_.

Electron
Atom 1s 2s 2p configuration ’
Hund’s rule, rather than
u [ ‘ L joining an orbital that is
already occupied by one
e t | l 129¢2 electron, the next
electron goes into an
e orbital all by itself to
1 y 1522522 ..
s | d minimize total energy
¢ [t} It | | w2zt different hybridizations in
crystals
N | f 3 3 1522522 3 )
! i »  Ammonia, NH,
o | 4 l \ l 3 1522522134 » H20
F ' l J l b l I l ' 1522522p5
Ne t ‘ ' 1 * 1 t l ' l 152262900
Figure 9.15 Electronic conﬁgurations of successive elements from lithium to neon. 9

The filling of electronic states must obey the Pauli exclusion principle and Hund’s rule.
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Atomic Structure 7

bed
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How many electrons may be in each shell and subshell?

apparent irregularities

Total
; 6p
For each m;: two values of m; |2 STz
Foreach &: (20 + 1) valuesofm, |2(2¢+1) | 1 ©
Recall: t=012345 -
letter = s p d f g h .. 2
£ =0, (s state) can have two electrons.
£ =1, (p state) can have six electrons, and so on. _:f;
45
Multiple electrons will interact
Electrons with higher £ values are less shielded from the }:’
nuclear charge and have higher energy levels than those with
lower { values. They have also a larger angular momentum. :
%
4s fills before 3d — it's due to interactions between the 2s

electrons, extra potential energy terms in the Hamiltonian

ls

© 2006 Brooks/Cole - Thomson



Is<25<2Pp<3s<3Pp<4s~3d<4p<bHs<4d<5p<6bs<4f~5d CHESMEIUR DTSN RIS

< 6p < Ts<b6d~ 5f.

by energy

Table 9.2 Electronic Configurations of the Elements

Ground Ionization Ground Tonization
Z Symbol Configuration Energy (eV) zZ Symbol Configuration Energy (eV)
1 H 15! 13.595 27 Co 3d74s® 7.86
2 He s 24.581 28 Ni 3d%4s? 7.633
3 Li [He] 25! 5.390 29 Cu 3d104s! 7.724 2+2+
4 Be 252 9.320 30 Zn 8d1%4s? 9.391
5 B 229! 8.296 31  Ga 34104524p! 6.00 6+2+
6 C 2522 11.256 32 Ge 3d'04524p? 7.88 6+2+
7 N 25223 14.545 33 As 3d'045%4p8 9.81
8 0 25%2p% 13.614 34 Se 3d104524p* 9.75 10+6
9 F 25%2p° 17.418 35 Br 3d1945%4p° 11.84 _
10 Ne 2522° 21.559 36 Kr 3d'%45%4p° 13.996 ﬁ+6—
11 Na [Ne] 35! 5.138 37 Rb [Kr] 5s' 4.176 36
12 Mg 352 7.644 38 Sr Bs2 5.692 ’
13 Al 3523 p! 5.984 39 Y 4dbs? 6.377 Kr
14 Si 35232 8.149 40 Zr 4d%552 6.835
15 P 3523 p° 10.484 41 Nb 4d*5s! 6.881
16 S 3523 p* 10.357 42 Mo 4d%5s! 7.10
17 Cl 3523p° 13.01 43 Tc 4d°5s? 7.228
18 Ar 35230 15.755 44 (T 4d75s" 7.365
19 K [Ar] 45! 4.339 45 Rh 4d85s! 7.461
20 Ca 452 6.111 46 Pd 44" 8.33
21 Sc 3d4s? 6.54 47 Ag 4d'0%55! 7.574
22 Ti 3d?4s? 6.83 48 Cd 4419552 8.991
23 v 3d%4s? 6.74 49 In 4d'95525p! 5.785
24 Cr 3d%4s 6.76 50 Sn 4d'"55%5p2 7.342
25 Mn 35452 7.432 51 Sh 4d"%55%5p° 8.639 _—
26 Fe 85452 7.87 52 Te 4d'95525p* 9.01

Note the closed subshells for any n at the noble gasses !



Note the closed subshells for any n at the noble gasses

Table 9.2 Electronic Configurations of the Elements

Ground Ionization Ground Ionization
Z Symbol Configuration Energy (eV) z Symbol Configuration Energy (eV)
53 I 4d"%55%5 " 10.454 79 Au [Xe, 4f 1454197 64! 9.22
54 Xe 4410552546 12.127 80 Hg 652 10.434
55 Cs [Xe] 65! 3.893 81 Tl 6526 6.106 Last of
56 Ba 65 5.210 82  Phb 6526 7415 the stable
57 La 5d6s* 5.61 83 Bi 6s%6p° 7.287
58  Ce 4f5d652 6.54 84— Po 652644 543 €lements
59 Pr 4f3652 5.48 85 At 6526p° 9.54
60 Nd 4f 4652 5.51 86 R 6s26p° 10.745
61 Pm 4f5652 5.60 87 Fr [Rn] 75! 3.94
62 Fn 415652 5.644 88 Ra 752 5.277
63 Eu 47652 5.67 89 Ac 6d7s2 5.17
64 Gd 41 T5d6s? 6.16 90 Th 6d%75> 6.08
65 Tb 419652 6.74 91 Pa 5f26d7s> 5.89
66 Dy 419652 6.82 92 U 536d7s> 6.194
67 Ho 411652 6.022 93 Np 5/ 6d7s° 6266 5 cur only in U-
68 Er 4f 12652 6.108 94 Pu 56752 6.061 C 0o ond nuclear
69 Tm 419652 6.185 95 Am 5f 7752 599 eactors
70 Yb 4f 14652 6.22 96 Cm 5/76d7s? 6.02
i | Lu 4f 1454652 6.15 97 Bk 5/86d7s? 6.23
72 Hf 41 1454%6 2 6.83 98 Ct B0z 630 Do not
73 Ta 4114543652 7.88 99 Es 51172 6.42
4 W {;'4%4652 7.98 100 Fm 5_';127.;1 650 OCCUr
75 Re 4f 14545652 7.87 101 My BFia7sh 658 naturally
76 Os 414545652 8.71 102 No 514752 6.65
77 I 411454762 9.12 103 ;i L 5f14647s2 on Earth
78 Pt 4114548652 8.88 104 iy = 514642752

Note: The bracket notation is used as a shorthand method to avoid repetition in indicating innershell electrons. Thus, [He] represents
152, [Ne] represents 15°25%245, [Ar] represents 15225%24°35%34°, and so on.

12



Row  misleading —

H T
1 | Is
Electron Confiquration Table
2 E_‘%SFE d block have energy level "n-1", therefore
" while the s block have n = 4, the d block will
3 ] :;:'9 1 haven= 3 as shown on the periodic table
i \ |
K ¢ Tl 2V ACr 4[Mn 6iCo 'INI ®Cu "|Zn 'Ga i|Ge
Rb 1St 2y 1zr 2Nb IMo #Tc 3Ru SRh 7Pd “Ag Ycd Win 1Sn 28 3
0 | B 4d
Cs 1Ba 2|La’ AT ZTa IW #Re 30s 6ir 7|Pt SAu 9Hg 10
6 b qﬁ—'— 7 el s .
Fr 1Ra Z+Ac IRf 2Db 3Sg 4Bh 3Hs oMt 7DDs §Rg |u"'£;.. | '
T i \‘.BH‘ET“’ SR T T W]
/ e
Element 120 \ ~ Roentgenium, Z = 111 B i | Nh o
would have misleading [

8s2 Ce I|F"r Elhlﬂ 3|F'm ﬂﬂm 5|Eu hliGd 4:’;[11 %Dy 5'|Hn "}lEr 1iTm 1ZYh 13|Lu 14
|

14 boxes each Th 1Pa U 3Np 4Pu 3Am &Cm 7Bk SCP JEs TFm NMd 1ZNo TLr W
- 5}: - 13




whenever [ ] around atomic mass, radioactive

1 14 13 Vila
] correcC s e 2]
Hycrogen Periodic Table of the Elements Helm

- , Metalioids Monmetals u
15! 2 14 Groupnew —=1 14 =  Grodpoid A M mAls va e TYe 1 viia |
Li 3 (B 4 Symbal —e | 19 [+— Atomic number B 5 |C 8 M 7 |o B [F a|Ne 1D
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86341 2012182 Wame FAODEI < Aramye mass [+¥-] 12011 140067 | 15994 | 158Esd | 20079
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Ha 11 Hg 12 configurarion Al 13 |5 14 |P 15 |8 1a |Cl 17 | Ar 13
Sodium (Magnesiom i Aumirum | Silieon  |Phosphorus  Sutur Chiorine Argon
22 989765 | 24 3050 it 29315 | 2BOSS5 | WVEEH | 3208 35 453 39,943
35! 35 3 mE 4 VB 5 VB & ¥IB 7 YUOB g wymm 9 VWA 10 VIE Ll | 12 um |3 3 k- - g "
K 19({Ca 205 21|Ti 2|V 23 |Cr 24 |Mn 25 |Fe 2 |Co 27 [Hi Z|Cu  22(Zn  30|Ga 31 |Ge 32|As  33|%  34 |Br 35 | Kr 36
Polazsium| Cakim | Scandim | Tianum | Vanadim| Chromiom| Manganes Iran Cioba Hidiel Copper Zinc Gallum |Semanim|  Arsenic | Sslenim | Bromine Kryplon
3WO983 | 40078 |44955910| 4753 508415 | 51998 | 5493805 | 55847 | 53.9G30 ( =0 &3.548 6539 &3 723 7281 7492158 | TE96 79.904 8380
4g' 4g° ad' 457 adfas® =d%4s? ad4s! ad%s? d 457 d4s? ad'"%qg' ad' 45 4p! 4p* 4p7 4p? 4p® 4p°
o 7|5 =Y 3 |Zr 40 [NB 41 (Mo 42 fTe 43fRu 44 (Rh 45|Pd 48 [Ag 47 |Cd 48 |In 49 |5n |8 51 (Te =2l 53 | Xe 54
Rubidum | Sironmiom Yirm Zirconum | Nicbiom  Malybdenum [ echnetiam Ruthenium | Bhodiom | Palladiuom | Sibver Cadmium Indium Tin Amtimony | Tellorium lodine Menon
854878 | Er.62 FEO0585 | 91.224 | 9zo083s | 95 fas) 10107 |102.90550 | 10842 | 1073832 | 112411 11482 | 118710 121.75 12780 | 126.905 131.30
55 55° 4d' 557 45 4dss! 455! Ad'sg? 4d5s! 4 55! 4d'"55" | 4d'%5g" 4d'"ss* | 5! 5 ) 5" 5"
Cs 55 |Ba 58| 5r-71 |Hf 72 |Ta T3 |W 74 |Re  75|0s  TE|Ir 77 |P 78 A0 79 (Hg 20| TI Bl |Pb Ei Po 24 | A 85 |Rn 8
Cesium Barum | Llanthanide| Hafnum | Tamabm | Tungsien | Rhenum | O=miom Fidium Platinum Gold ercury Tha llium Lead Bismuth Pokonium | Astatine Radan
13290543 | 137327 | Senes 178.49 | 1209479 | 18385 186,207 190.2 192.22 19508 |196.98654 | 20059 | 243833 | 2072 ||2088E0 (=09 [21a) [222)
&' & 5des’? 5d%s® sd'es” 5cfis® 5d%s? 5des” 5! 5d'"as' sd'%=* | gp! gp’ & &p” e’
Fr 87 |Ra 88| 67-195 |Ung 104 |Unp 105|Unh 108 |Uns 107 108 ]
Francim | Radium | Actnide |umilguadum | Uripertom | Urllhesm | Urriliseptiom . . .
Senes
| i e | few Needs updating for names and discoveries, Un.

La 57 | Ce 58 |Pr 59 [ Md enfl Pm &l Sm &2 | Eu &3 (Gd &4 | Th 85 | Dy &5 | Ho &7 | Er 88 (Tm 89 |Yb 70 [ Lu Fill

Lanthanide |Larmharum| Cerum | Passodymium Meodymi ethimll [ Samarium | Europium [ Gadolinium| Terbium  |Dyspresium | Holmiom Erbim Thulum [ terbium | Lufefiom
1 5 boxes ég—trl 1359055 140,115 | 14090785 144,24 [145) 150,36 151.965 15725 | 55.92534 1862.50 184 93052 167.26 1865 93421 17304 174987
sd'es’ af'sd'es® | 4fles’ af'es’ afes’ affes? af es? afsd'es” | 4ffes” affes® | af''es® | afed af %es? afes”® | af'sd'ed

Ac 2 [Th a0 |Pa a1 (U 22 |MNp 23 (Pu % [ Am 25 (Cm o8 Bk a7 | Cf % (Es @2 [Fm 100 |[KMd 101 Mo 1oz |Lr 103
Actnide | Actinum | Thorum | Prolacinium| Uranum  |Hepunim | Plionum | Americiom | Curiam | Berkelum |Californiom |Eimsteinom | Fermiom (Mendeleviom Hobe lum - | Lawendum
senes (227 2320581 (23105588 | Zsmo=me | 23 [244] (243 [247] [247] 251 (252 (257 [258) [253) (260

ed'7s edrs’ sted'vs® | sfed'7s® | shed'7s® | sfed'ts | sfed'7s® | sfied'7s® | sted'vs® [sfad'7s® | sf'ed7s® | sfPeds® |st"ad'ns® | ed™rs® ed' 75

Standard long periodic table, Y and Lu have an analogous electronic

14
structure for outer electrons



Atomic number

1
IA

13 14 1

Name IITA IVA

-~

Electron—————
per shell

6 7 8 9 10
VIB VIIB VIIIB VIIIB VIIIB

f-block

15 boxes each??, f means | = 3, max. number of electrons in f-sub-shell 2(2 | + 1) =14



: s-block——————

T T[T p-black
|l d-black! | | | | [ | [
o |72 AEEEEE

Lanthanides Lutetium belongs to the lanthanides? Nope

el

only 14 =
bOXES Actinides

Ce Lu
cach I ol VPO [ ] e

There are 14 = 2(6+1) f-boxes, but both Ce and Th just start with one electron in the
boxes of the d-block, so it is not obvious if La should be in the same column as Sc
and Y, or if Lu and Lr should be in the same column as these two. Actually it is Lu
(Lutetium) and Lr (Lawrencium).

Note that La is #57, Lu is # 71 and its next neighbor is Hf with #72
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s-block ?

Number of sub-shells
H |He _ F of each type (20 + 1)
Li | Be B|C
Na | Mg d-block ? Al | Si
K| Ca Sc|Ti|V |Cr|Mn|Fe|[Co|Ni |Cu|Zn|Ga|Ge|.
Rb| Sr Y |Zr ([Nb|Mo|Tc|Ru|Rh|Pd|Ag|Cd In Sn | !
Cs|Ba|x|Lu|Hf |[Ta|W |Re|Os| Ir | Pt |Au HEhiE! il*ﬂhe f-block is just 14
Fr| Ra|x| Lr | Rf |Db|Sg|Bh|Hs | Mt|Ds |Rg boxes Iong, in it the seven.f-sub-
shells for n = 3 and 4 get filled up,
Lblogk™ this is achieved when we come to
D Yb-and-No, then this block ends
s-block ?
H |He
Li | Be
Na | Mg d-block ?
K| Ca Sc|Ti|V |[Cr|Mn|Fe|Co|Ni|Cu|Zr
Rb| Sr f-block ? Y | Zr ([Nb|Mo|Tc |Ru|Rh|Pd|Ag|Cc
|| N T ) T ) P [ ) T ) ) P e | = Zils =

No question marks, this is the more systematic way to show the periodic table
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Groups and Periods in Periodic Table

Groups:

o Vertical columns.
o Same number of electrons in the { orbits.
o Can form similar chemical bonds as these are determined by the outermost

(most loosely bound) electrons

Periods: all atoms have about
: the same size

o Horizontal rows.

o Correspond to filling of the sub-shells.

Beginning of each period shows in atomic radii plot, end of each period
shows more or less in ionization energy.

o
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Ionization energy (V)

Figure 9.16 (a) [onization energy of the elements versus atomic number Z. (b) Atomic
95 |-9 He volume of the elements versus atomic number Z. The recurring pattern with increasing
Ne atomic number exemplifies the behavior from which the periodic table gets its name.
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\The Periodic Table

Inert Gases:

= Last column of the periodic table

s Closed p sub-shell except helium (which has closed s sub-shell)
m Zero net electronic spin and large ionization energy

= Their atoms interact only very weakly with each other, mono-atomic gasses
Alkalis: -

= Single s electron outside an inner core, largest atomic radii
= Easily form positive ions with a charge +1e, highly reactive
= Lowest ionization energies

= Form chemical compounds with valence number 1, e.g. Li,O (lithia, 8 Li
cations and 4 O anions per unit cell of a crystal), for molecules: H,O

m Electrical conductivity in metals is good as the electron joins the free
electron cloud easily

Alkaline Earths:

= Two s electrons in outer sub-shell

= In chemical compounds with valence number 2, e.g. MgO
(magnesia), 4 Mg + 4 O per unit cell of a crystal

<




The Periodic Table

Halogens:
= Need just one more shared electron to fill outermost subshell
s Form strong ionic bonds with the alkalis, e.g. NaCl

= More stable configurations occur when p subshell is completely
filled, therefore highly reactive

Transition Metals:
s Three rows of elements in which the 3d, 4d, and 5d are being filled

m Properties primarily determined by the s and p electrons, rather
than by the d subshell being filled, which are further inside the
atoms

= Initially d-shell electrons with unpaired spins, Hund'’s rule, cause of
ferromagnetism

m As the d subshellis filled further, the magnetic moments, and the
tendency for neighboring atoms to align spins are reduced 22



The Periodic Table

Lanthanides (rare earths), starts with La
= Have the outermost 6s2 sub-shell completed

m As also occurs in the 3d sub-shell, the electrons in the 4f sub-shell
prefer unpaired electrons (Hund'’s rule) contribute to ferromagnetic
effects

Actinides: (all radioactive), starts with Ac
Inner sub-shells are being filled while the 7s2 sub-shell is completed

= Difficult to obtain chemical data because they are all radioactive
(last stable atom is Bi, # 83)

=  Commercial usage of U, Pu, Am

23



summary The exclusion principle states that no two electrons can be in the same
quantum state; that is, no two electrons can have the same four quantum num-

Physical bers. The exclusion principle derives from the notion that electrons are identi-
foundations cal particles called fermions. Fermions are described by wavefunctions that
are electronic are antisymmetric in the electron coordinates. Wavefunctions that are symmet-
structures ric in the particle coordinates describe another class of objects called bosons,
. to which no exclusion principle applies. All known particles are either fermi-
their ons or bosons. An example of a boson is the photon.
consequences Using the exclusion principle and the principle of minimum energy, one
are all of can determine the electronic configurations of the elements. This serves as a
chemistry !!! basis for understanding atomic structure and the physical and chemical prop-

erties of the elements.

All atoms in crystals are of about the same size, 0.1 — 0.3 nm diameter, in fact, their
size is inferred on how much space they take up in crystals
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Periodic physical and chemical properties of atoms are due to periodic electronic
structures, chemical properties depend strongly on the outermost electrons,
ferromagnetic properties are due to unpaired spins in d and f orbitals (Hund'’s rule)
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Figure 7-20 First ionization energy vs. Z up to Z = 90. The energy is the binding energy
of the last electron in the atom. This energy increases with Z until a shell is closed at Z
values of 2. 10, 18, 36, 54, and 86. The next electron must go into the next higher shell and
hence is farther from the center of core charge and thus less tightly bound. The ionization
potential (in volts) is numerically equal to the ionization energy (in eV).
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https://www.youtube.com/watch?v=E8hyodMhbRw, 14:20 min

Fermions have spin 72
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