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Diamagnetism & Paramagnetism

- diamagnetic just means all e- are paired
up

« paramagnetic means there is a loner in
there somewhere




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




o all this, an'
~ work of S

aught L



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...



 shells:n=1, 2, 3...

13 7

* “n" is called the principal quantum number

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




 subshells: €=0, 1, 2...

« aka angular momentum number




* first shell (n=1) has just one subshell:
s ({=0)

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

* third shell (n=3) has three subshells:
s ({=0), p ({=1), and d (£=2)




the shapes are:
S = spherical
p = dumbbell shaped

d = cloverleaf




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




L

) xyplane

 atlevel two there are the one
2s and three 2p’s




X
%y plane

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

* see another pattern yet?




 orbitals: me=... -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? my




« the s subshell ({=0) being spherical, can only be
placed in one orientation: me=0

« the p subshell (£=1) has three different ways it can
be placed: me=-1, me=0, me=+1

 the d subshell (£=2) has 5 different ways to be




e 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



TABLE 5.2

First Four Shells

Allowed Combinations of Quantum Numbers n, [, and m, for the

Number Number
Orbital of Orbitals of Orbitals

n I my Notation in Subshell in Shell
1 0 0 1s 1 1
5 0 0 2s 1 i

1 — 140 41 2p 3

0 0 3s 1
3 1 -1, 0, +1 3p 3 9

2 -2, —-1,0, +1, +2 3d 5

0 0 4s 1

1 -1,0, +1 4p 3
¢ ~2. —1,0, +1, +2 ad 5 15

3 =3, =21 -+l +2 43 4f 7

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




The Aufbau Principle

« aufbau from the German “to build up”

* when seeing how electrons are
“configured” in an atom we have to start




The Pauli Exclusion
Principle

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

* every electron
has it own unique
set of 4 QNs




QN and the PT

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




. — Main-group elements -

f,_A_
§ block

p block
5

Transition elements
o

d block

1
7

L(l5
5 176
gl
Re | Os

107 ‘ 108

Bh l HR_ .

lnner-transiion. elements
A

| hlock
63 h4fix@i fi 68 | i
{4f ) :
Ud ﬁ b | Dy ET.J..I.'H.._
IM]i 1

96 497 | 98
@ |
CmTBK | €f | Es | Fm | Md




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

* notice what happens to the filling order
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(a) Hydrogen (b) Multielectron atoms




Hydrogen atom Three multielectron atoms
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Na(Z=11)
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Hund’'s Rule

* the rule says that if you add
an electron to a subshell it
will go into one that is empt




Electron Configurations

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

 watch how | do it...

* now use the PT to do any electron
configuration



B: 1s%2s% 2!

C: 1s°25°2p,' 2p,

N: 152 25* 2p,! 2p,! 2p,]




| =
|—=

0: 1s°25*2p,° 2p,' 2p,'

|—*

F: 15725 2p°

T
2p
ait
2p
i

| —
—>

Ne: 1s% 2s* 20

O



Neon configuration

/

Na: 1622522p° 3" or  [Ne] 3’
Mg: 152252200 35" or  [Ne] 342




Begin here —-

s block

p block

d block

<—End here




TABLE 9.2 Electron Configurations of Some Groups of Elements

Element Configuration

H | 5!

Li [He]2s'

Na [Ne]3s'

K [Ar]4s'

Rb [Kr]5s'

Cs [Xe]6s'

Fr [Rn]7s'

F [He]2s?2p’

Cl [Ne]3s*3p°

Br [Ar]3d"45°4p°

I [Kr]4d''5s*5p’
[Xeldf'5d"6s°6p°

He |5
[He]2s2p°
[Ne]3s?3p°
[Ar]3d'"45°4p°
[Kr]4d"5s°5p°
[Xel41"5d"6s%6p°
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(a) [Ne]

3s 3p

(b) [Ne]

ine I-
d) [Ne] .

.,_.

* which of these is correct?



example
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Periodic Trends

 using the PT can show you how atoms
might act




 Electrons are attracted to the
protons in the nucleus of an atom.

» the closer they are the more they are




* Electrons are repelled by each other

« important b/c if there are outside electrons,
they are prevented from being attracted by
the inside electrons




« Completed shells are a good thing.




« metals are on the left side of the PT




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

« metalloids are on the border b/t the two




Atomic Radius

th e atO m | Cra d | us | S Volume occupied by negatively

charged electrons

rou g h Iy th e Approximately 1070 m >

. Proton
d | Sta nce b/ t (positive charge)
nucleus and edge
Of CIOUd [ Neutron

(no charge)

here are some \ - N
things you should -

know... > -

Approximately 10° m




' Ladi Radius
Radius Radius decreases —=

: ) Increases
increases




Atomic number

(wd) snipex orwaoyy




 moving left to right we see the atoms
getting smaller

* more protons mean a greater pull




 moving down a group, atoms get
bigger

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




149 | 113




 cations are smaller than their atoms

* when making positive ions, usually the




* anions are larger than their atoms

» adding e- increases the e-/e-
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lonization Energy

* 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...
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 this shows relative ionization energy

* which side doesn't like losing electrons?



* |E increases going left to right

e as you go to the right, we get more protons
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* why there are valleys along the way?



2500 —
He / s electron removed
Ne 2Na2 + 2 - _
—g Be (1s°257) —> Be* (1s°2s) + = E; = 899.4 kJ/mol
p electron removed
g g
= A
2 1500 B (1s?28*2p') — B (1s*2s%) + ¢ E; = 800.6 k] /mol
%ﬁ Kr
5
E Xe
g He Rn
E
B Al T
500 Li e In /\
Rb Cs %
| | : | | : | | | |
10) 20 30 44) 5() 6l 70 5() 9() 100

Atomic number



« why the mini valley between O
and N?

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

« why the decrease from He t
Ne?...




* |E decreases going down a group

« each row down adds a shell

* the shells shield the valence e-'s




TABLE 10.4 lonization Energies of the Third-Period Elements (in kJ/mol)

Mg Al Si
737.7 577.6 786.5 999.6 . 1520.5
1451 1817 F3 2251 - 2666
2745 3232 3361
11580 4356 4564 5158 3771
16090 7013 7238
21270 8496 9362 8781

27110 11020 1 2000

e see any patterns???



* 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




* 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




Electron Affinity

 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
t







Atomic radius

&
‘_...l
L
=
L
=
Q
=
o
~
= =
=
S
J—y




Electronegativity

 really important this one

 when atoms share electrons how badly does
this guy want them? = en




1.0-14
15-19

below 1.0

7

8

Ti
1.5

Cr
1.6

Mn
1.5

Fe
1.8

Ir
14

Mo
1.8

Tc
1.9

Ru

Hf
1.3

1.5

W
24

Re
1.9

Os
2.2

"Lanthanides: 1,1-1.3
t Actinides: 1.3-1.5




Increasing
electronegativity

[ncreasing
electro-
negativity
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