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Electronic configuration for Chlorine

Electron 7 £ e 74, e~ Configuration
1,2 1 0 0 =+t
3.4 2 0 0o =+
2 1 -1 =+l
5-10 2 1 0 =+
2 1 +1 =}
11,12 3 0 0 i
3 1 -1  *3
13-17 3 1 0 i
3 1 +1 +3 or —3*
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Electronic configurations

Electron Capacity of
n €

Electron Capacity

my m, Subshell = 4¢ + 2 of Shell = 2n?
1 0(1s) 0 +5 -4 2 2
2 0Q25) 0 +1, -4 2 8
12p) -1,0, +1 t_% for each value of ms, 6
3 0(35) 0 +}, -1 2 18
13p) —=1,0.+1 =} for each value of m, 6
2(3d) -2,-1,0,+1, +2 =4 for each value of #z, 10
4 0(49) 0 +5 -1 2 32
1(4p) —1,0,+1 =1 for each value of 71, 6
2(4d) -2,-1,0,+1, +2 :j! for each value of m, 10
3(41) =3,-2,—-1,0,+1, +2, +3 t% for each value of m, 14
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Discovery of the periodic system:
patterns

Ordnungs- T~
zahl 1 8 s - - 19 2O - -
Symbol H Li Jj|Bey — - K §|Cally — -
nicht- weiches, nicht-  weiches, nicht-  weiches,
reaktives reaktives  reaktives reaktives reaktives  reaktives
Gas Metall Gas Metall Gas  Metall

Abbildungen aus: Brown-LeMay, Chemie
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PSE and Orbitals

1A 24 3B 4B 5B 6B 7B 8B 1B 2B 3A 4A SA GA TA BA
—
(1) @ @ ) @ @ @ & a0 ay ay a3 a4 a9 a6 an ag
1] 1] 2
| H | H | He
15 is
k] 4 5 6 7 & 9 10
Li | Be B|C|N|O|F|Ne
% 2
11 12 14 16 17 18
Na | Mg Al|Si|P|S|cl|aAr
¥ 3
13 0 a 22 B F k=l % n 28 5 30 3 32| % 34 ) L
K |C|Se T |V |[C |Mn|Fe|Co|N|Cu|Zn|Ga|Ge|As|Se| Br|Kr
45 3d 4p
a7 38 » 40 41 4 | & 44 45 46 471 | 48 -5 50 Sl 52| = 54
Eb|& | ¥ Zr |[Nb|Mo| To |Ru | Rh|Pd [Ag|Cd| In |8n|Sb|Te| I |Re
S5 4d 5p
8 | 56| 5T | 58| % [0 |61 |62 |6 |64 |65 | 66| 67| 62 (| DM )|T2|T| W W | T | TR B | 0| o8 2| 0 [ 84 | 25 | 86
Cs |Ba|La|Ce|Pr |Nd|Pm|Sm|Eu|Gd|To|Dy|Ho| Br |Tm| vb|Lu|Hf|Ta| W |Re|Cs| It | Pt |Au[Hg| TI|Pb|Bi|Po|At|Rn
[ 4 5d p
& 88 Ed Q0 91 92 k] 94 5 96 g7 98 22 100 | 101 102 | 103 104 | 105 | 06 | 107 108 | 109 | 110 11 112
Fr | Ba| Ac 'Ih‘Pa|U|Np‘R1|AmCmBk|CfEsFdeNoLrRf Db | Sg |Bh|Hs|Mt|Ds|Rg
s 5 od
Lars Birlenbach birlenbach@chemie.uni-siegen.de 42
Metalle
1A
. 8A
1 Metalloide 18
1
1 2A . 3A 4A 5A B6A T7A | 2
H 2 Nichtmetalle 13 14 15 16 17 | He
2 3 4 5 6 7 8 9 10
Li | Be B C N (0] F | Ne
gl 11|12 | 3B 4B 5B 6B 7B 8y 1B 2B | 13 | 14 | 15 [ 16 | 17 | 18
“|Na | Mg 3 4 5 6 7 /8 9 10\ 11 12 [Al|S | P | S | Cl|Ar
o 19| 20 [ 21| 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K |Ca| Sc | Ti V | C (Mn | Fe | Co | Ni [Cu|Zn | Ga| Ge | As | Se | Br | Kr
5 37 38 39 | 40 | 41 42 | 43 44 45 | 46 47 | 48 49 50 51 52 53 54
Rb | Sr | Y | Zr [Nb |[Mo | Tc |Ru [Rh | Pd |Ag | Cd | In | Sn | Sb | Te | I | Xe
6 55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba | La | Hf | Ta | W | Re [Os | Ir | Pt [ Au | Hg | Tl | Pb | Bi | Po | At | Rn
7| 87 | 88 | 89 | 104 | 105 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116
Fr | Ra [ Ac | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg
Lantl . 58 | 59 | 60 [ 61 | B2 | 63 | 64 | 65 [ 66 | 67 | 68 | 69 | 70 [ 71
anthanoide | ce | pr | Nd [ Pm | Sm | Eu | Gd | Tb Dy | Ho | Er [ Tm | Yb | Lu
Actinoide 90 91 92 93 94 95 96 97 98 99 | 100 | 101 | 102 | 103
. Th | Pa| U |[Np|Pu|Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
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erste Ionisierungsenergie (kJ/mol)

2500

He T .
r ionisation energy (neutral — kation )
2000
Ar
1500 : Kr
| i
| g Xe)
! [
i
1000 1 !
; '|
t |
‘l 1
500 I |
K Rb
0
0 10 20 30 40 50
Ordnungszahl
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Abbildungen aus: Brown-LeMay, Chemie
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Elektron affinities (neutral — Anion )

1A 2A 3A 4A 5A 6A 7A BA

. Abbildungen aus: Brown-LeMay, Chemie . . o
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Electronegativity

ap’winipnjs-uosiead Mmm aysis ap’wnipnjs-uosiead Mmm aysis
slway) ‘AeyeT-umolg :sne usbunpqay slway) ‘AeyeT-umolg :sne usbunpqqy
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Common ions

1A
H+
2A 3A 4A 5A B6A T7A BA
ik N*" | 0% | F~ | E
" D
Na* Mg“ Transition elements ALt p3- |82~ | - E
F 2+ . C + _ _ L
Kt |ca2t crdt [Mn2t F:3+ Co2* | Ni2t Cl:12+ Tn2t Se2- | Br o
Rb* [ sr2* Ag® |cd?t Sn2* Te | 17 | A
S
] ,+ | Aut |Hg3" ; .
Cs™ |Ba2* P | s nga Pb2* | Bi®* E
Abbildungen aus: Brown-LeMay, Chemie
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Valence electrons
Group 1A 2A 3A 4A 5A 6A 7A 8A
Number of
electrons 8
in valence (except
shell 1 2 3 - 5 6 7 He)
Period 1 Iale lakee
Period 2 11i¢ Be: B- G . -N- <G s 1T tiNes
Period 3 Na- Mg: SiE o JE S5 Gl : Ar:
Period 4 K- @Gar Ga Ge- As -Se: -Br: s K
Period 5 Rb- St: In- Sn- - Sh- STe: e  Xes
Period 6 Cs- Ba: TI1- Pb- - Bi- -Po: At :Rn:
Period 7 Fr- Ra:
*aus:Chemistry, 9t Edition KW Whitten,
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The chemical bond

* ionic bond
» metallic bond
 covalent bond (molecules)

50
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Na + Cl — NaCl

Na [Ne] ﬁi I\'cl le™ lost
a5

—_—
Cl Neg B HHT Cl- WNe] B NEN 1 gained
35 3p 3% 3p
Na-+:Cl- —> Na*[:Cl:]™
*aus:Chemistry, 9t Edition KW Whitten,
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Increasing potential energy (less stable)

Nat(g) + e= + CI(

2)

15t IE of Na @ ®

= 496 kI/mol

Y

EA of C1 = —349 kl/mol

Na*(g) + ClI(g)

Net energy change for
Na(g) + Cl{g) — Natig) + Cl-(g)
= +147 kl/mol
Na(g) + Cl(g)
Net en: change for
Naig) + C > NaCl(s)
= —642 kl/mol
Crystal lattice
energy of NaCl @
=—789 kVmol
Y NaCl(s)

*aus:Chemistry, 9t Edition KW Whitten,
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@
o
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Elementary cells in cubic crystal lattice

Face-centered
cubic

Body-centered

Simple cubic
cubic

(b) (c)

Figure 13-25 Unit cells for (a) simple cubic, (b) body-centered cubic, and (c) face-centered cubic.
The spheres in each figure represent identical atoms or ions; different colors are shown only to help
you visualize the spheres in the center of the cube in body-centered cubic (b) and in face-centered
cubic (c) forms.

«aus:Chemistry, 9" Edition KW Whitten,
Lars Birlenbach *RE Davis, ML Peck, GG Stanley birlenbach@chemie.uni-siegen.de 54

A C
B B
A A
Hexagonal Cubic
close-packed close-packed
crystal structure (face-centered)
(a) (b) crystal structure

“rﬁ‘"

g ey,
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Chemical bonds: metallic

.electron gas*®

ara’atara aains
000006 E
OO OeEEE®
OO OEeE®
O
CeOeoeeOeEOeEEe
0
G“O‘O,*\O‘O“O‘/Q‘G‘G‘O

,metal ions*
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Band model

Empty band of
3N molecular
orbitals from 3p
Half-filled - orbitals
| band of p
N molecular

Energy ———»

-~ ||| |

(AQ) ~
from 3s orbitals
Na Naj Naj Nag Nay Na Nay
(a) (b)
Figure 13-33 (a) The band of orbitals resulting from interaction of the 3s orbitals in a crystal of
sodium. (b) Overlapping of a half-filled “3s” band (blue) with an empty “3p” band (red) of Nay crystal.
*aus:Chemistry, 9t Edition KW Whitten,
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bl 5 T - } Bands overlap
orbitals 1
3 z Half-filled band of N
molecular orbitals
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Metals Insulators

Empty band

Forbidden zone
(large energy gap)

Energy

oF Filled band

Partially Overlapping

filled bands

band

Semiconductors

Empty band

Small energy gap

Figure 13-35 Distinction among metals, insulators, and semiconductors. In each case an unshaded

area represents a conduction band.

i *aus:Chemistry, 9t Edition KW Whitten,
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T Cengage Leaming/ Charlos D.

Metals vs. Salts

cYcjcycc oo Nc)
ey jejejejejeye)

ey jejejejeyeye)
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A crystal can be cleaved into
smaller crystals that have the same @ -@-D- D -
appearance as the larger crystal.

(b)
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Figure 13-36 (a) In a metal, the positively charged metal ions are immersed in a delocalized
“cloud of electrons.” When the metal is distorted (e.g., rolled into sheets or drawn into wires), the
environment around the metal atoms is essentially unchanged, and no new repulsive forces occur.
This explains why metal sheets and wires remain intact. (b) By contrast, when an ionic crystal is
subjected to a force that causes it to slip along a plane, the increased repulsive forces between
like-charged ions cause the crystal to break or cleave along a crystal plane.

. «aus:Chemistry, 9™ Edition KW Whitten,
Lars Birlenbach  .rg payis, ML Peck, GG Stanley
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1Cl  NasP NaAl

Metallic

Lars Birlenbach Vbirlenbach@chemie.uni-siegen.de 60
The covalent bond
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Superposition of wave functions

> —

/

Ao ) Ao
A oS-

(a) In-phase (constructive) overlap

(b) Out-of-phase (destructive) overlap

«aus:Chemistry, 9" Edition KW Whitten,
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Covalent bond

QO® P o0

A Hydrogen, H, B Hydrogen fluoride, HF C Fluorine, F,

Uberl -
Atome néhern sich /7 e;eigip(ﬁllngs
Q@ @— ./« a \

N Ulberlappungs-

bereich
(a) (b) (c)
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o-1s-Molecular orbitals

Molccular orbitals Molecular orbitals
) Tig
(antibonding)
Out-of-phase
(destructive)
. . 4 v a . n
Atomic orbitals s overlap  Aromic orbitals out-of-phase
Ula Atomic overlap Atomic [
(antibonding) orbital orbital
+ + >
9]
b m
5 Is Is s s x
in-phase
In-phase overlap
(constructive)
overlap o1
(bonding)
Ty
(bonding)
i «aus:Chemistry, 9" Edition KW Whitten, . . .
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Molecular orbitals
Atomic orbitals
Atomic orbitals ks o i I
Dut-of-phase (destructive) overl
2P, 2p, o of-phase (destructive) overlap
2px
] (antibonding)
>
g
2
m

Naodal planes

In-phase (constructive) overlap

(bonding)

. «aus:Chemistry, 9™ Edition KW Whitten, . . o
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[1-2p-Molekular orbitals

Atomic orbitals

Molecular orbitals

In-phase

Tap,

(antibonding)

(constructive)

overlap

Out-of-phase

(destructive) s .
\\Crlﬂp Atomic orbitals

oy,

«aus:Chemistry, 9™ Edition KW Whitten,

*RE Davis, ML Peck, GG Stanley

2p, or2p, 2p or2py 2p or2py 2p or2p,
If we had chosen the z axis as the axis
of head-on overlap of the 2p orbitals
in Figure 9-3, side-on overlap of the
2p,—2p,and 2p,—2p, orbitals would
Ty, OF T, form the n-type molecular orbitals.
<\v‘nm!|u;‘|
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: i —_
- - 'Tlt- s =" IT: ™
7~ %, - ~
~ ~ ~ ~
| e o ~ | ” -8 g ~
t -~ ~ H - ~
oy — e by — p
&d ls Is bl ls Is
L) & 7]
= = i
) t ) 1
o o)
H H, H He He, He
(@) (b)
Figure 9-6 Molecular orbital diagrams for (a) H, and (b) He..
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Hz He; Lizb Be; sz C 2 Nz
1 *
a5, . . . . . . _—
Mg Tp, e
Bl | T T S B 0 P
2
£8 | o NN N
O~
4| o S T
S R T T
VR VR VA VA S
Paramagnetic? no no no no yes no no
Bond order 1 0 1 0 1 2 3
Observed bond length (&) 0.74 — 267 — 159 131  1.09
Observed bond energy (kJ/mol) 436 — 110 9 ~ 270 602 945
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O, F, Ne)*
_ N
ITr HE HNH
GE HHE NN NN
i3 n N
i3 N N
i3 n N
(3 N N
Ves no no
2 1 0
1.21 1.43 —
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i3 . N N i
no no no YES no
0 1 0 1 2
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N, 0, F, Ne,
N ot

S It AN HHE

e R A % %
LK o ST R
M 13 i3 i
t SO ]
i 2
it i3 T T
no yes no no
3 2 1 0
1.09 1.21 143 —
945 498 155 —_
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Two sp hybrid orbitals

Two sp hybrlds
on Be

-9

Simplified representation of fwo
sp hybrid orbitals on a Be atom

o9

gt
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Mathematical modeling of hybrid orbitals

1
¥, = E(k +2p)

Lars Birlenbach birlenbach@chemie.uni-siegen.de 72

aus: McQuarrie, Simon: Physical Chemistry.
University Science Books

Three sp* hybrid orbitals point toward the corners of an equilateral triangle:

PR AL

Three sp? hybrid orbitals

sp? hybrid orbitals

B
‘ {
F F
Lars Birlenba: '

Simplified representation of three
=77 hybrid orbitals on a B atom

-siegen.de 73
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1 2
—2s + 4/ =2p,

/3 3

5
|

1 1 1
= —2§5 — ——2[) + —=2pi:
LA S L Y
v 25 3 : 2p§
= § = ===lD,
. \/g \/_6_ \/5 i
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A set of four sp? hybrid
2s ) orbitals on a C atom
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1
¥, =z2s+2p +2p,+2p)

>
I

— 2p‘_ -+ 2p:)

X

~(2s — 2
2(5 p

1
V,==-2s+2p —2p —2p))

aus: McQuarrie, Simon: Physical Chemistry.

1
v, = 5(23 —2p_+ 2p'\_ - 2pz)
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University Science Books

TABLE 6.5
The complete hydrogenlike atomic wave functions for n = 1, 2, and 3. The quantity Z is the
atomic number of the nucleus, and o = Zr/a . where a, is the Bohr radius.

Ve
n=:, =0, m=0 l,’/m:ﬁ(;“) e
i AN i
— =0, m=0 ‘!"*w::(_ (2-0)e "
o V32 \a,

i R
i=1, m=0 Yoo = (—) age " cost

I=1, m =%l i ae™"?sinfe="®
n=3 =10 m=0 Vo (27 — 180 +20%)e™ "
1 (2N i s i
I=1, m=0 a,’;,m:—(—) (7) (60 — o)~ cos O
? 81\« a,

L= m=+1 (60 —a’)e™ " sinfe™?®

aus: McQuarrie, Simon: Physical Chemistry.

a’e "*(3cos’d — 1)

1=2, m=0
2
I=2 m=+1 o’e " sinf cos fe*'
1=12, m==2 2 ) ole—1 sin? fet2*
Lars Birlen 77

University Science Books
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Double bonds

Lars Birlenbach birlenbach@chemie.uni-siegen.de 78

Triple bonds

A second xt bond

(b)
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