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» Grundlagen

» Aufbau der Atome

» Periodensystem der Elemente

» Reaktionsgleichungen/Stochiometrie

» Chemische Bindung

» Chemische Reaktionen/Thermodynamik
» Sauren und Basen

> Redox-Reaktionen
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Woraus bestehen Stoffe?
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Stoffe
Reinstoffe
Elemente Verbindungen :
Gemische
(Au, Hg, 0) | | (NacCl, H,0, 0,) em!
Homogene Gemische Heterogene Gemische

Luft, Alkohol/Wasser, Bronze Keramik, Ol/Wasser, Nebel
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Der Aggregatzustand ist abhangig von T und p

verdampfen
—
flussig y gasfdérmig

kondensieren

fest
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Elektronenhdlle

Kern /

Kerndurchmesser: 1014 m
Atomdurchmesser: 101°m =1 A

zum Vergleich:
Kern 1 mm, dann Hulle 10 m
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Elektronenhdlle

Kern O
Elementarteilchen:

Elektron e- O 0.911 x 1030 kg
Proton p* @ 1.673 x 10?7 kg
.8. Neutron n @ 1.675x 10?7 kg

Protonen und Neutronen bezeichnet
man als Nukleonen

Nukleonenzahl

4
,He

Protonenzahl o. Elektronenzahl o. Kernladungszahl o. Ordnungszahl
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Georg Agricola
Aufgabe: 979

1. Wie viele Protonen, Neutronen und Elektronen hat folgendes Atom: 63,4,Cu.
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Elementarteilchen:
Elektron e 0.911 x 1030 kg =5.486 x 10-4 u (Masse der e ist zu vernachlassigen)
Proton p* 1.673 x 102" kg =1.007 u

Neutron n 1.675x 1027 kg =1.009 u

12.C=12u

Atommassen werden in atomaren Masseneinheiten angegeben [u]!
Eine atomare Masseneinheit ist:

1/12 der Masse von 12,C = 1.661 x 102" kg = 1 u
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11H 21H 31H

Protium Deuterium Tritium
99.985 % 0.015 % In Spuren
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1. Berechnen Sie die mittlere relative Atommasse des Chlors, wenn das
naturliche Isotopengemisch folgendermal3en zusammengesetzt ist:
75,5 % 35,.Clund 24.5 % 37 ,,Cl.
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Atommodell (1809)
» Atome sind die kleinst llchen
chemischer Elemente.

» Atome verschiedener Elemente besitzen
John Dalton unterschiedliche Massen.

(1766 - 1844)

» Atome werden als kugelférmig angenommen.

> Alle Atome ein ments sind untereinander
gleich.
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Der Massendefekt =1 u =931 MeV

Die Masse eines Nuklids ist stets kleiner als die Summe der Masse seiner
Bausteine

?
4 Wachsende
Energie NNANNNNN-  Energie
2 28,3 MeV

@ 28,3 MeVA 0,03u

“He besteht aus 2pt+2n

Berechnete Masse 4.0319u =(2x1.0073) + (2 x 1.0087)
Experimentelle Masse 4.0015u

Differenz 0.0304 u

Kernbindungsenergie 28.3 MeV =0.0304 u

Pro Nukleon 7.08 MeV = 0.0076 u
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Der Massendefekt

Nuklide besonders stabil

0010
0008
Massendefekt =
pro Nukleon 4/5
= 0.0076 u =
= 0,006
Energie =
Pro Nukleon &
=
0,002

Technische
/ Hochschule
56
=
o e s
160 .
e\//(’_r—\ 233{J |
of® \_
) ;’He / n
Nuklide werden|instabil —
» Radioaktivitat
(ab p* = 83) B
]
L____ZH B

100

200
Nukleonenzahl

(=) =~ (s o] w

o

£~

oo

Bindungsenergie pro Nukleon (MeV)

~o
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Eigenschaften der Strahlungsteilchen

K dl Teilchen Bezeichnung | Kernla- |Nukleo- |Burchdringungs-
ernumwandiung der Strahlung |der Strahlung [dungszahi|nenzahl fahigkeit
@ - @ He-Kerne | eoc-Strahlung| +2 A gering
A
2
®a
A-b
22E
/0\ // © Elektronen |  -Strahlung | -1 0 mittel
.00
... \
CE
1
74E
Photonen 7 - Strahlung 0 0 grof}
AN (6 laktromagnet.
\ Wellen)
3E
Kern im angeregten
Zustand ‘}E
Kern im Grundzustand
® Proton @® Neutron

Technische
Hochschule
Georg Agricola

a-Strahlung:
besteht aus 4,He

Reichweite (Luft):
ca. 3.5cm

B-Strahlung
besteht aus e-

Reichweite (Luft):
ca.4m

v-Strahlung

Ist energiereiche
elektromagnetische
Strahlung

Reichweite (Luft):
hoch
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100

Radioaktive Restmenge in % (lineare Skala)
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Zerfallsgeschwindigkeit

» radioaktiver Zerfall kann nicht
beeinflusst werden

» radioaktiver Zerfall erfolgt spontan
und rein statistisch

» pro Zeiteinheit zerfallt immer der
gleiche Anteil an Kernen

» Mal fur die Zerfallsgeschwindigkeit
ist die Halbwertszeit t,,,, nach der die
Halfte eines radioaktiven Stoffes
zerfallen ist

t,, = IN2/A = 0.693/A

A = Zerfallskonstante
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Annahme:

Das e darf sich nicht in beliebigen Abstanden von
Kern aufhalten. Es kann den Kern nur auf

bestimmten Bahnen (Quantenzahlen) umkreisen.

4.Bahn
Nils Bohr
(1885 - 1962)
(Nobelpreis 1922) n=4
\
Bohrsche Radien 0 ; R =4r  ry=9n r,=16n T

Bahndrehimpuls h/2x 2h/Zm  3h/2n Lhi2m
Bahndrehimpuls-

quanten z 3 ¢
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1s-0rbital 2s-0rbital 3s-0rbital
n=1 n=2 n=3

Hauptquantenzahl n

Durch die Hauptquantenzahl n (1, 2, 3, ...) wird die Grole der Orbitale bestimmt.

n Schale Energie
1 K E, Grundzustand
2 L 15 ]
3 M sE
4 J ' angeregte Zustinde 3.Bahn 4Bahn
N 11_6E1 Jahn
5 0 1p
25 1] h
n=2

-\n=1 n=3 n=[+
Qb
\
Bohrsche Radien 0,  n=4r ;=9 r,=16n T
Bahndrehimpuls h/2x 2h/2m  3h/2n Lhi2m
Bahndrehimpuls- 1 ? 3 &

quanten
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| 6
s-0Orbital p-Orbital d-Orbital

(=0 =1 =2
Nebenquantenzahl |

Die Nebenquantenzahl | beschreibt die Anzahl der Quantenzustande flr jede
Schale und bestimmt die Gestalt der Orbitale.

| <n-1(0,1,2,3,...n-1)

Schale K L M N
n 1 2 3 +
[ 0 01 012 0123
Bezeichnung S S p spd spdf

s=sharp p=principal d=diffuse f=fundamental
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Magnetische Quantenzahl m,

Die Magnetische Quantenzahl m,
beschreibt die Anzahl der s-/p-/d-/f-
Zustande (Unterschalen) und
bestimmt die Orientierung der
Orbitale im Raum.

A< m, < +l

[ m,;

Anzahl der Zustiande
21 + 1

0 0

1 =1 8 +1

2 —2 —1 0 41 42

3 =3 =g —~]1 P41+ +3

ein s-Zustand
drei p-Zustidnde
fiinf d-Zustdnde
sieben f-Zustidnde
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Die durch die drei Quantenzahlen n, I, m charakterisierten Quantenzustande
heilRen Atomorbitale (AO).

Orbitale
Schale | n s p d f
(=0 1=1 l=2 =3
N | 4
T bs hp 4d Lf
M 13|
=
@ 3Is 3p 3d
(S 6]
L @ 1E
g 2s 2p
K |1
1s
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Spinquantenzahl mg Pauli-Prinzip:

Ein Atom darf keine e enthalten, die in allen vier

Di inquantenzahl m hreibt de ) N -
€ Spinquantenza s besc Quantenzustanden ubereinstimmen.

m. = +1/2,
) M erlaubt TT verboten
= 2s 2s
Schale | n S p {
(=0 =1 [
iy Hund‘sche Regel:
Die Orbitale einer Unterschale werden so besetzt,
T bs bp Y dass die Anzahl der e~ mit gleicher Spinrichtung
M3 |2 maximal wird.
E s 3p 3
L g | B [ﬂIﬂ] n erlaubt verboten
% 2s Zp Zp Zp
=
K |1
1s
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11

1B

13

3B

12

2B

19 39.10
[Arrs

K

64 0.86|838
760 0.8

20 40.08
b

Ca

1.55
1440 1.0

21 4496

[Ar] 3d 45°
3

Sc

1539
2730 1.3]

3.0{1668

22 47.88
[Ar] 3d" 4s°
43

Ti

3260 15

54(1900

23 50.94
[Ar] 3d’ 45
54320

6.1

3450 1.5

24 52.00
[Ar] 3d" 4s
6320

Cr

1875 719
2200 1.6

25 54.94
[Ar] 3d" 45"
7,6,4,32,0-1

Mn

1245  7.43
2097 15

26 55.85
[Ar] 3¢ 45
63202

Fe

1536
3000 1 8

27 58.93
[Ar] 3d’ 4s'
32,0-1

Co

86(1495 89
2900 1.9

28 58.70
[Ar]3d'4s'

mNI

2730 1. 9

29 63.55

[Ar] 3d’°

Cu

2595 19

30 65.38
[Ar] 3d‘°

Zn

7.13
906 1.6

37 8547
tke} e

Rb

688 0.8

38 87.62
[Kr] 55

2
Sr
26
1380 1.0

39 88.91
s

Y

1509  4.47
2027 1.2

3580

SORNO1 22
6y e

Zl

1852  6.49/2
1.4

ANg1.22

[Kr]4d"5s

Nb

8.57
4927 16

42 9594
[Kr] 4 55
654320

Mo

2610 10.2
5560 1.8

43 (98.91
[Kr] 47& 5s

Tc

2140 11.5
5030 * 1.9

44 101.07
[Kr] 4d’ 55
8643202

Ru

2500 124
3900 22

45 102.91
[Kr] 4" 55
54,3120

1966 124
3730 22

46 106.42
[Kr] 4d”
420

Pd

1552 120
3140 22

47 107.87
K] 44" 55
24

961 10.5
2210 1.9

48 112.41
(xrug" 55°

Cd

321 8.65
765 1.7

39194
e

Cs

29 1.90
690 0.7

%6 137.33
[Xe] 65"

B
714 3.76
1640 09

71 174.97
[Xe]4f; 54 65°

Lu

1652 9.84
8327 12

2222
5400

72 178.49
[Xe] 4'; 5d° 65

Hf

13.31
1.3

73 180.95
[Xe] 4";5d‘0€

Ta

2996  16.5
5425 1.5

74 183.85
[Xe] 4f" 5d° 65"
654320

3410 193

75 186.21
[Xe] 47" 5¢° 65°
76421

Re

3180 21 0
5900

76 190.20
[Xe] 47" 5¢° 65°
864320-2

Os

3050 226

77 192.22
[Xe] 47" 50’ 65"
6432101

Ir

2454 22 7
4500

78 195.08
[Xe] 4" 5d° 65
42,0

Bt

1769  21.4
3830 22

79 196.97
hif

Au

1063  19.3
2970 24

80 200.59

[Xe] 4" 5d"°
21

Hg

-38 13.6
357 19

87 (223.0)
[Rn1) 7s

Fr

88 226.03
[Rn; 75

Ra

103 (262.1
IRn]5f; 6d 7:

Lr

104 (2611
[Rn] 5f* 6d" 75"

Rf

700

50 |-

105 (262.1) 1
[Rn] 5 6d" 75°

Db

[Rn] 5$'

107
[Rn]

Bh_

108
[Rn]

Hs

[Rn] 5f* n)

Mt

268)110 (269
[Rn] 5*

Uun

75| [Rn] 5

1 272

* 7s.

Uuu_

SO

@7
677

1140 * 0.9

* -l

*

2 @277

Uub_

6 Lanthanoide !

7

Actinoide

4B

14

15

5B

16

6B

17

7B

[Xe] 5d 6s°
3

La

920
3470

57 138.91

6.17
Al

[Xe] 4f 65
43

Ce

795 6.
3468 1

58 140.12

&

59 140.91
[Xe] 4f 65"
43

Pr

935 6.77
3127 11

67

1024
3027

60 144.24

[Xe] 4f' 65°
3

Nd

7.00
1.2

61 (145)

[Xe] 4f 65
3

Pm

(1027) 7.22
2460 * -

62 150.36
[Xe] 4f 65
32

Sm

1072 7.54
1790 1.2

[Xe] 4f 6s°
32

Eu

828
1439

63 151.96

5.26

[Xe] 4f 5d 6s°
3

Gd

1312

3000 1.1

647157.25

7.89

1356 8.
2800 1.

65 158.93

[Xe] 4f 65"
43

66 162.50
[Xe] 4f° 6s°
3

Dy

271407  8.54

2

67 164.93

[Xe] 4f" 65"
3

Ho

1461 8.80
2600 1.2

68 167.26

[Xe] 4f“ 65
3

=

1497  9.05
2000 1.2

69 168.93

[Xe] 4f‘ 65

Tm

1545  9.33
1727 1.2

70 173.04

[Xe] 4F 6s’

Yb

824 6.98
1196 1.1

[Rn] 6d 75°
3

Ac

1050

2 4l

8 (227)

10.1
gl

Th

1750
3850 * 1

90 232.04

[Rn] 64" 75°
4

11.7
3 -

o1 231.04
[Rn) 5f 6d 75"
54

Pa

(1230 154
* 14

1"

92 238.03

[Rn] 5F 6d 75°

6543

32

19.07]
3818 *1.4

93 (237.05
[Rn] 51 6d 75"
6,543

637 19.5
3900 * 1.3

9 (244)
[Rn) 5 7§
6543

Pu

640 19.81
3235 * 1.3

95

[Rn] 5f 7s°
6543

Am

994 13.

(243)

S

96
[Rn] 5( Bd 78

Cm

7
3100

(247)

(1340) 13.51-

97
[Rn] Sf 7s°

(247)

Bk |

98

2600 -
(251)
[Rn] SF 7s°

Cf |

9% (254)

[Rn] 51" 78°
3

*

Es |

100 (257)

[Rn] 5f* 7s°
3

*

Fm__

101 (258)

[Rn] 5f° 7s*
3

Md

102 (259)
[Rn] Sf 7s°

No_
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1 Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente
1A Z|Ele- | K L M N Symbol Peri- ‘i‘
v o ment | Is |2s 2p |3s 3p 3d 4s 4p ode
11 —
1 1|H ] Is' 1 e 5
-259H0.09 2 2| He |14 1s’ 1
IR [He] 25 " =5d
il 4| Be |[1]] [1 [He]2s’ B
20 Li | Bel|| s|B [ul|m [He] 2572p! __5p
1) osm 18 6| C [ttt ]t [He]2s’2p’ |,
S oeaz aagi | 7| N |1 [T [He] 25> 2p’ —4f
NS | e 8| o ([t |[rl[rE[t ]t [He] 2s22p* e ]
4 ol F [t ([te[refrelr [He] 2s*2p° —
%N%w MQ,,, 10| Ne  [[T4] |(TY{Tefrefty [He] 25> 2p° &} o5
301020 4010282 11| Na 1] [Ne] 33; e £ )
W 4 12| Mg 11] [Ne]3s —
1
4 K Ca 13| Al |Neonkonfigura- |[1]][1 [Ne] 3s*3p' 3d
oo ossss 1| 14| Si |tion [Ne] | [Nel3s23p? |3 —i5
e 87?(?22 15| P Tt it it [Ne] 3s”3p’
wss | s 16| s [t It [Ne] 3s®3p* 3 - 3
5 Rb | Sr 17| Cl T[Tt [Ne] 3s23p° O
53(768 oalf| 18] Ar I [Ne]3s23p6 —_js
688 .8 (1380 .0]2 —
% 1301 1azaa| 19| K 1| [Ar]4s) )
pejes | ped 20| Ca 1l [Ar]4s’
6 CS Ba || 21/sc T 0 [Ar4s’3d! P |
B gme e 22| Ti Tt 1] [Ar]4s23d3 — S
e 231V L 1) [Ar]4s3d
87 223.0)88 226.03
i ) wors || 24[*Cr Tt ﬁ [Ar]4s;3d: y ——
7 25| Mn T[] [t [Ar] 4s*3d
m’Fr_ mRase 26| Fe tt ]| [t [Ar]4s*3d°
677 * 071140 * 09/|| 27| Co | Argonkonfiguration [Ar] THHT T [T ] (T4 [Ar]4sz3d7 4 .
28| Ni LT ]! [ [Ar]4s*3d" Energie
29*Cu TTNTT LT [Ar]4s 3d 2.50(67 164.93(63 167.26(69 168.93(70 173.04
30| Zn Tl Tl Tl Tl ” ﬂ [Ar]4sz3d‘° ° 6s’ [Xe];f“es’ [Xe];f"es‘ [Xe]4f‘ 5 [Xe]4f‘ 6s'
6 Lanthanoide| 31| Ga T (1] fF [Ar]4s’3d'%4p' Ho | Er Tm Yb
32| Ge Tttt % ; ; T [Ar]4sz3d:::4p§ Xﬂggggj ssarusr oosises 939w o
33| As TUTYTYTTL] [T [Ar]4s°3d " 4p = 1.2 1.2 1.2 1.1
34| Se T | S e N I i e 1?.1n]§328)1?§n,5‘329’
2 10 4..5
¢ 36| Kr | [ e | ansesacay| | | ES | Fm | Md | No
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Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente

Z|Ele- | K L N Symbol Peri-
ment | Is |2s 2p 3d 4s ode

1|H |[] Is' 1

2| He (|1} 1s?

3L ([ [He] 2s'

4| Be |[t1]|[t1] [He] 2s?

s|B |t |[rft [He] 2s* 2p'

6| c ||t (Hel2s2p* |,

7| N ([ [l [He] 2s*2p’

8| O [t |[tyrift |t [He]2s%2p*

9| F ||T4|[TY|Tert [He] 2s*2p°

10| Ne |14 |[THITTTL [He] 2s>2p°

11| Na ] [Ne] 3s'

12| Mg m [Ne]3s?

13| Al | Neonkonfigura- |[1]] [Ne]3s?3p’

14| Si [tion [Ne] T[]t [Ne]3s?3p> |3

15| P (D [Ne]3s?3p’

16| S Tt It [Ne]3s?3p*

17| Cl T[Tt [Ne]3s?3p’

18| Ar T[Tt [Ne]3s?3p°

19/ K 1] [Ar] 4s'

20 Ca 11 [Ar] 45’

21| Sc m [Ar]4s?3d'

22| Ti 1 m [Ar]4s?3d?

23| V Tt m [Ar]4s?3d’®

24/+Cr | ] [Ar]ds' 3¢’

25| Mn Tt tl [Ar]4s*3d’

26| Fe Tt 1] [Ar]4s?3d°

27| Co | Argonkonfiguration [Ar] Tt 1] [Ar]4s*3d” |4

28| Ni Tift 1l [Ar] 4s*3d®

29*Cu | ] [Ar]4s'3d"°

30| Zn [ty 4] [Ar]4s*3d"

31| Ga Tty | [t | [Ar]4s*3d"4p’

32| Ge ttitd] [t [t ]t [Ar] 4s?3d'%4p?

33| As rurfrd]| [t [t ]t ]t ] | [Ar]4s?3d'04p®

34| Se U] [t (et [t ] | [Ar)4s*3d"4p*

35| Br Y| [t [terd]t | | [Ar]4s®3d"4p’

36| Kr tUt) (1 [1Lrry] | [Ar]4s?3d"0 4p®
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Georg Agricola

—5f

—5p
—
— 4]
4 — w— 55
—i4s
— 35

2—<_
— 5

Energie
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Mn

1245  7.43
2097 15

26 55.85
[Ar] 3¢ 45
63202

Fe

1536
3000 1 8

27 58.93
[Ar] 3d’ 4s'
32,0-1

Co

86(1495 89
2900 1.9

28 58.70
[Ar]3d'4s'

mNI

2730 1. 9

29 63.55

[Ar] 3d’°

Cu

2595 19

30 65.38
[Ar] 3d‘°

Zn

7.13
906 1.6

37 8547
tke} e

Rb

688 0.8

38 87.62
[Kr] 55

2
Sr
26
1380 1.0

39 88.91
s

Y

1509  4.47
2027 1.2

3580

SORNO1 22
6y e

Zl

1852  6.49/2
1.4

ANg1.22

[Kr]4d"5s

Nb

8.57
4927 16

42 9594
[Kr] 4 55
654320

Mo

2610 10.2
5560 1.8

43 (98.91
[Kr] 47& 5s

Tc

2140 11.5
5030 * 1.9

44 101.07
[Kr] 4d’ 55
8643202

Ru

2500 124
3900 22

45 102.91
[Kr] 4" 55
54,3120

1966 124
3730 22

46 106.42
[Kr] 4d”
420

Pd

1552 120
3140 22

47 107.87
K] 44" 55
24

961 10.5
2210 1.9

48 112.41
(xrug" 55°

Cd

321 8.65
765 1.7

39194
e

Cs

29 1.90
690 0.7

%6 137.33
[Xe] 65"

B
714 3.76
1640 09

71 174.97
[Xe]4f; 54 65°

Lu

1652 9.84
8327 12

2222
5400

72 178.49
[Xe] 4'; 5d° 65

Hf

13.31
1.3

73 180.95
[Xe] 4";5d‘0€

Ta

2996  16.5
5425 1.5

74 183.85
[Xe] 4f" 5d° 65"
654320

3410 193

75 186.21
[Xe] 47" 5¢° 65°
76421

Re

3180 21 0
5900

76 190.20
[Xe] 47" 5¢° 65°
864320-2

Os

3050 226

77 192.22
[Xe] 47" 50’ 65"
6432101

Ir

2454 22 7
4500

78 195.08
[Xe] 4" 5d° 65
42,0

Bt

1769  21.4
3830 22

79 196.97
hif

Au

1063  19.3
2970 24

80 200.59

[Xe] 4" 5d"°
21

Hg

-38 13.6
357 19

87 (223.0)
[Rn1) 7s

Fr

88 226.03
[Rn; 75

Ra

103 (262.1
IRn]5f; 6d 7:

Lr

104 (2611
[Rn] 5f* 6d" 75"

Rf

700

50 |-

105 (262.1) 1
[Rn] 5 6d" 75°

Db

[Rn] 5$'

107
[Rn]

Bh_

108
[Rn]

Hs

[Rn] 5f* n)

Mt

268)110 (269
[Rn] 5*

Uun

75| [Rn] 5

1 272

* 7s.

Uuu_

SO

@7
677

1140 * 0.9

* -l

*

2 @277

Uub_

6 Lanthanoide !

7

Actinoide

4B

14

15

5B

16

6B

17

7B

[Xe] 5d 6s°
3

La

920
3470

57 138.91

6.17
Al

[Xe] 4f 65
43

Ce

795 6.
3468 1

58 140.12

&

59 140.91
[Xe] 4f 65"
43

Pr

935 6.77
3127 11

67

1024
3027

60 144.24

[Xe] 4f' 65°
3

Nd

7.00
1.2

61 (145)

[Xe] 4f 65
3

Pm

(1027) 7.22
2460 * -

62 150.36
[Xe] 4f 65
32

Sm

1072 7.54
1790 1.2

[Xe] 4f 6s°
32

Eu

828
1439

63 151.96

5.26

[Xe] 4f 5d 6s°
3

Gd

1312

3000 1.1

647157.25

7.89

1356 8.
2800 1.

65 158.93

[Xe] 4f 65"
43

66 162.50
[Xe] 4f° 6s°
3

Dy

271407  8.54

2

67 164.93

[Xe] 4f" 65"
3

Ho

1461 8.80
2600 1.2

68 167.26

[Xe] 4f“ 65
3

=

1497  9.05
2000 1.2

69 168.93

[Xe] 4f‘ 65

Tm

1545  9.33
1727 1.2

70 173.04

[Xe] 4F 6s’

Yb

824 6.98
1196 1.1

[Rn] 6d 75°
3

Ac

1050

2 4l

8 (227)

10.1
gl

Th

1750
3850 * 1

90 232.04

[Rn] 64" 75°
4

11.7
3 -

o1 231.04
[Rn) 5f 6d 75"
54

Pa

(1230 154
* 14

1"

92 238.03

[Rn] 5F 6d 75°

6543

32

19.07]
3818 *1.4

93 (237.05
[Rn] 51 6d 75"
6,543

637 19.5
3900 * 1.3

9 (244)
[Rn) 5 7§
6543

Pu

640 19.81
3235 * 1.3

95

[Rn] 5f 7s°
6543

Am

994 13.

(243)

S

96
[Rn] 5( Bd 78

Cm

7
3100

(247)

(1340) 13.51-

97
[Rn] Sf 7s°

(247)

Bk |

98

2600 -
(251)
[Rn] SF 7s°

Cf |

9% (254)

[Rn] 51" 78°
3

*

Es |

100 (257)

[Rn] 5f* 7s°
3

*

Fm__

101 (258)

[Rn] 5f° 7s*
3

Md

102 (259)
[Rn] Sf 7s°

No_
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Atomaufbau

Technische
Hochschule

Georg Agricola
Aufgaben: 979

1. Welches Element hat folgende Elektronenkonfiguration?
1s2 2s2p® 3s?2p?

2. Geben Sie die Elektronenkonfigurationen von folgenden Elementen an:
Ti, V, Cr

3. Was zeichnet die Edelgase aus? Geben Sie eine Begrindung an.

Orbitale
Schale| n s P d f
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Atomaufbau

Technische
Hochschule

Georg Agricola
Aufgaben: 979

1. Welches Element hat folgende Elektronenkonfiguration?
1s2 2s2pb® 3s?p?2 > Si

2. Geben Sie die Elektronenkonfigurationen von folgenden Elementen an:
Ti, V, Cr 2>[Ar] 4s? 3d?, [Ar] 452 3d3, [Ar] 4st 3d°,

3. Was zeichnet die Edelgase aus? Geben Sie eine Begrindung an.
Besonders reaktionstrage, da aul3erste Schale /Orbitale vollstandig

N
(%]

gefullt.
Orbitale
Schale| n s P d f
=0 =1 =2 =3
v B EEE R R
11.5 bp 4d 4f
vie o I I
L%’35 3p 3d
20 OO
g

2p

[]
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Elementhaufigkeit

Technische
Hochschule

log (abundance)

()]
]

O (46 %)

Si (28 %)

ﬂ

(0.004 ppm)

|
80 100




Technische
Hochschule

Periodensystem der Element (langversion) Georg Agricola

1 2 e — B T} e i 13 14 15 16 17 He

-250 009 | 018
35 27.2A ElektronenKonfiguration s o 3B 4B 5B 6B 7B 3
3 6.94/4 9.01 510818 12017 1401a 16009 1900 10 2018
Pejze ej2¢ Symbol 1 C Mz | el pa | wer2e [He) 25 25"
Schmelzpunkt [C] 12140 115 Dichte [g/em]), fur Gase [g/f] (0°C,1013mbar)

2 LI Be Siedepunkt ['C]——{5030 * 19 Elektronegativitat B C N O F Ne
181 053 1277 185 (2030) 235|(3550) 22210 1.25-219 1.43/-220 1.7|-249 09|
[1330 102070 15 Radioait [2550 20 |4830 25196 30 |183 35 188 40-246 -
i 22 99/12 24.31 13 26.98/14 28.09 ‘5 30 97/ ’5 32 06/17 35. 45|18 39.95

Mej2s N33 | M3 3 ¥y X% | gyt oyt
3 4 5 6 7 8 9 10 11 12 Al SI P S Cl | Ar
680 2701410 233444 182119 207101 32180 178
3A  4A  5A 6A 7A 8 8 8 1B 2B |as0 12680 18 [280 21 l445 25 |-35 301183 -
|21 44.96(2 47.88/2° 50.94/24 52,0025 54.94/26 55.85 68.9328 58.702° 63.55/30 31 7232 72.59/33 74.913 78.96/35 79.90/% 83.80
wpu; [A:]M«s (A 3:2‘; (A asg s 7[2:1 334:0 7 w; 3«(; |Ar] 3u 4 |M]M¢s w] e wm P (Ar]ld 454 [Al]Jd 45 4y [A«|3-: i wm - ap' (Arl:sd b lp [Ar)36" 4’ 4p°
Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
|1539 301668 4541900  61/1875 7191245 7431536 7.861495 8911453 891083 896420 71330 591937  532subl. 572217 4797 stas 87
2730 1313260 153450  15(2200 162097 15 (3000 18 |2000 192730 192505 19 906 16 (2237 1.6 2830 152 -
39 88.9140 91 22“1 91.2242 9594 “3 (9891)‘4 101 07/45 102.9146 106.4247 107.87 48 112.4149 114.82/50 118.69/51 121.752 131.29
[Kr) 4 5 [Kn e | [Kr]od 55 |m -{ x. 5s [Ke] & 55 p(r] xm‘ 55 [K:]u 5¢ IK'M 59 5p [K-m 5p' [x:m 5; 5p' qu

| ko] 447 55 5"
543120 1

Y | Zr Nb| Mo| Tc 'Ru Rh Pd Ag Cd| In Sn Sb Te 1 Xe

l1s00  a47jtes2  eaol2468 8572610 1022140 1152500 124/1966 124/1552 120961  105(321  865/156  7.31232  7.30/631 669450  624/114 484112 589
- 927 123560 14|4927 16 5560 18 /5030 * 193900 223730 22 |3140 222210 19 [765 17 (2080 _17[2270 18 /1380 191990 21183 25 |-108
68 167.26/69 168 9370 173.0471 174.97/72 178.49/73 180.95/74 183 85 75 186.2176 190.20/77 192.22/78 195.08 79 196.97|80 200 59 51 204 38 182 207 20 83 208 98 3‘ (209) 85 (210) 86 (222)

151.96/64 1572585 158.93/66 162.50/57 164

D(a]";k ]Xa]‘f IX-]' IXA]WU: [X.]lf | |Xa|¢f’ | [X‘] D(c]{f‘h’ [Xe) AFSﬂes [Xe] l" 5" 6¢' | [Xe] ar Sd [X | l)(-] 5 M [)é-olzl:,.’;ﬂﬂ; [:-‘lgﬁ;iﬂnd‘s [X-]N”Sﬂ 6s. I)(s]tl‘sa 65 [Xe) 4f" e 2 753‘4 [Ho)ar

Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
828 5261312 7891356 8271407 8541461 BED1497 9(51545 933824 6981652 9.842222 1331‘2996 1553410 1933180 21 0‘3050 2262454 2’27 !789 21 4 1063 19.3-38 136303 11.85/327 11.4271 9.8/254 9.3((302) - |t71) 873

Sm 1640 13000 1.1 [2800 2 2600 - 2600 2900 1 2 1727 12 1196 11 P327 12 /5400 13 ‘5425 24 357 19 1457 18 .1725 19 ATEED 1 9‘962 e 205537 * 22162 * .
|87 (223 0) 88 226 03 8 (227)90 232.04/¢1 231.04/92 238. 0393 (244) (243) (247)97  (247) 9 (251) 9% (254) 100 (257)/101 58) 102 sg259 )103 (: 2621)10“ (261.1)105 (2621)‘05;263 1)‘0742641)'03;265 1)‘93 Sa )“0 gﬂ‘ )1” QZ)‘Q @17y 14 (289) 16 (289) 18 (293]

[Rn} 1 [Rn) 6d [Rn]ﬂ‘h’ [Rn]sfoaw [Rn)sf&dh’ (nn]a‘uw m;‘:;s” |Iln|517r pw un’ uwsnf (Rn]srw mn]y 75 |Rn|¥’7s mn)y’n mn] 78 {nnw 68075 | [Rn] 51 64" 75'| [Rn) 51 64" 7¢'| [Rn] 51 64" 76”| [Rn) 51 6d' 75' | [Rn) S 64" 757 | [Rn) 5 6 75| (Rn) 5“6d 7 | [Rn] 5F""

7 Fr Np Pu Am Cm Bk Cf Es Fm Md No Lr Rf Db Sg Bh Hs Mt Uun UuuUub Uuq Uuh Uuo
(e} - |700 \1060 1011750 1. 7(1230 154 1132 \95340 1961!964 137(1340) 1351 | 1 -l e b = L 2 - b s = 2 9 & . by
677 _* 07]1140 * 09' 11 * 13 3818 *1.4 *13 |- » . PO N S N SO M SN NS S N RN N S MU SR N S P . .

Lanthanide (La = Lanthan)

I
Actinide (Ac = Actinium) raus:!



1 Perioden Gruppen 18

1A 0
1 1.01 2 4.00
1s
1 1-1
250 HO . 2 Atomzahl 45 (98.91) —Atommasse (gewichtetes Mitte) 13 14 15 16 17 H e
B 2 Elekt Konfigurati
553 21 | 2A ronenKonfiguration [Kr] fld" 5s Sidalonezdiien 3B 4B 5B 6B 7B »269 _
3 6.94/4 9.01 5 10.811¢ 12.017 14.018 16.00° 19.00'0 20.18
[He] 2s [He] 25° Symbol C [He] 2s° 2p [He] 25 2p° [l;e“] gs; 2;’ [He] z;zs 2p* [He] 2¢* 2p° [He] 25" 2p°
2 Ty 2 Schmelzpunkt [°C]——2140  11.5 Dichte [g/cm’], fir Gase [g/l] (0°C,1013mbar) ] 42 N1 . -
Li Be e e Ty e B C N O F Ne
181 0.53{1277 1.85 X ‘ X (2030) 2.35|(3550) 2.2-210 1.25-219 1.43/-220 1.7|-249 0.9
1330 1.0 |2970 1.5 Radioaktiv 2550 20 (4830 25196 30 |-183 35 |-188  4.0-246 -
1229912 24.31 13 26.98(14 28.09|1> 30.97/'® 32.06/177 354518 39.95
[Ne] 3s [Ne] 3s° [Ne] 3s" 3p [Ne] 3s° 3p* [Ne] 3s° 3p° [Ne] 3s 3p* [Ne] 3s* 3p* [Ne] 3s° 3p°
3 N M Al Si P S Cl A
0.97/650 1.74 3 6 8 9 0 660 2.70[1410 2.33|44 1.82(119 2.07[-101 3.2/-189 1.78
892 09 [1107 1.2 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 1.5 2680 1.8 [280 2.1 [445 25 |-35 300183 -
19 39.1020 40.08/27 44.96/22 47.88/23 50.94/24 52.002> 54.94/26 558527 58.93|28 58.702° 63.5530 65.38/31 69.72|32 72.59|33 74.9134 789635 79.90/36 83.80
[Ar] 45 [Ar] 48 [Ar] 3d 4s [Ar] 3d" 4s° [Ar] 3d’ 4s° [Ar] 3d” 4s [Ar] 3d” 48" [Ar] 3d° 4s lAr] 3d 4s [Ar] 3d' 45" [Ar] 3d” 4s [Ar]3d" 45 | [Ar]3d"” 4s* 4p | [Ar] 3d" 45" 4p” | [Ar] 3d" 45 4p’ | [Ar] 3d‘° 4s 4p* | [Ar] 3d" 4s” 4p° | [Ar] 3d" 45" 4p°
4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br K
64 0.86|838 1.55(1539 0[1668  4.54/1900 6.1|1875  7.19(1245  7.43/1536  7.86/1495 9(1453 91083  8.96/420 7.18/30 5.91937 5.32[Subl.  5.72217 4.79-7 3.12}-157 3.7
760 0.8 |1440 1.0 |2730 1 3]3260 1.5 [3450 152200 1.6 |2097 1.5 |3000 1.8 |2900 1 9 2730 1 912595 1.9 |906 1.6 [2237 1.6 12830 1.8 |- 2.0 |685 2.4 |58 2.8 |-152 -
37 85.47[38 87.62/3° 88.9140 91.22/41 91.22/42 95.94 /43 (98.91)44 101.07|45 102.9146 106.42/47 107.87|48 112.4149 114.82/50 118.69(51 121.75/52 127.60 53 126.90/>4 131.29
[Kr] 5s [Kr] 5¢° [Kr] 4d 5s [Kr] 4d° 55 [Kr] 4d‘ 5s [Kr] 4d" 5s [Kr] 4d° 55 [Kr] 4d’ 5s [Kr] 4d° 5s [Kr] 4d‘“ [Kr] 4d” 5s [Kr]4d° 55° | [Kr] 4d” 5s° 5p | [Kr] 4d” 5s° 5p° | [Kr] 4d‘° 55 5p’ | [Kr] 40" 5s° 5p° | [Kr] 4d" 5s° 5p° | [Kr] 4d” 5s° 5p°
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I X
1.53|768 61509 4.47/1852 6.49|2468 8.57|2610 10.2/12140 11.5/2500 12.4/1966 12.4/1552 12.0/961 10.5/321 8.65(156 7.31232 7.30/631 6.69/450 6.24114 4.94/-112 5.89
688 0.8 |1380 1,0 2027 1.2 3580 1.4 |4927 1.6 |5560 1.8 5030 * 1.9 [3900 22 |3730 2.2 3140 22 |2210 1.9 |765 1.7 |2080 1.7 (2270 1.8 |[1380 1.9 |990 2.1 [183 25 |-108 -
55 132.91|56 137.33|71 174.97|72 178.49|73 180.95/74 183.85/7> 186.21/76 190.20|77 192.22|78 195.08/79 196.97(80 200.59/81 204.38|82 207.20(83 208.98|84 (209) 85 (210) 86 (222)
[Xe] 6s [Xe] 68 [Xe] 4f“ 5d 65°| [Xe] 4" 5d° 65" | [Xe] 4f" 5d° 68 [Xe] 41" 5d° 65’ | [Xe] 4f" 5d° 65" | [Xe] 4" 5d° 65" | [Xe] 4f* 5d’ 65" | [Xe] 41" 5d° 6s | [Xe] 4 50" 6s| [Xe] 4 5d" 657 [Xe)4(*54" 65" 6p | [Xe] 454" 6° 6p° | [Xe] 4*5d° 657 6p” | [Xe]4(55" 67 6p' | [Xe]41*5d° B’ 6p' | [Xe] 41 53" 6s” 6p
6 C B 3 4 5 654320 764,2-1 864320-2 | 6432101 420 31 21 31 42 53 642 75311
1.90/714 3.76|[1652 9.84(2222 13.31[2996  16.5(3410  19.3]3180  21.0/3050 22 6|2454  227|1769  21.4/1063  19.3/-38 13.6/303  11.85|327 11.4{271 9.8/254 9.3/(302) - |7 973
690 0.7|1640 09 |[3327 1.2 |5400 1.3 |5425 1.5 |5930 1.7 |S900 1.9 |5500 4500 2.2 |3830 22 |2970 2.4 |357 1.9 [1457 1.8 |1725 1.9 |[1560 1.9/962 * 2.0/337 * 22/-62 * -
87 (223.0)% 226.03|103 (262.1) 104 (261.1)105 (262.1)106 (263.1)107 (264.1) 108 (26 5 1) 100 (268110 (260) 111 (272)112 (277 4 (289 16 (289 18 (293
[Rn] 7s [Rn] 78 [Rn] 5 6d 7s°| [Rn] 5 6d° 7 | [Rn] 5 6d’ 7s* | [Rn] 5f " 6d" 7s”| [Rn] 5" 6d° 7s” | [Rn] 5" 6d” 7s7| [Rn] 5f* 6d’ 7s” | [Rn] 5 6d° 7s | [Rn] 5f“ 6d" 7s
1 2 3
- |700 5.0/ |- -|- =l =1 = S =R =z = S = 7 I = = £ E & =
677 * 07,1140 * 0.9||- - -|. * - N * -l * - * -l * - * -l * -l * -l * - R * - _ * - . * -

57 138.91|58 140.12|59 140.9160 144.24/61 (145)/62 150.36/63 151.96/64 157.25/65 158.93/66 162.50|67 164.93|68 167.26/69 168.9370 173.04

[Xe] 5d 6s° [Xe] 4f 65 [Xe] 4f 65" [Xe] 4f* 65" [Xe] 4f 65 [Xe] 4f 65 [Xe]4f 6s° | [Xe] 4f 5d 6’ [Xe] 4f 65" [Xe] 4f° 6s° [Xe] 4f" 65° [Xe] 4 65" [Xe] 41" 65" [Xe] 4F“ 6s’
3 43 43 3 3 32 32 3 43 3 3 3 32

6 Lanthanoide| |La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

920 6.17(795 6.67|935 6.77|11024  7.00/(1027) 7.22|1072  7.54/828 5261312  7.89|1356  8.27|1407  8.54/1461 8.80(1497  9.05/1545  9.33/824 6.98

3470 1.1 |3468 1.1 13127 1.1 13027 1.2 |2460 * - 1790 1.2 |1439 - 3000 1.1 |2800 1.2 |2600 - 2600 1.2 |2900 1.2 1727 1.2 |1196 13
89 (227)% 232.04/91 231.04/92 238.0393 (237.05)9 (244)[%5 (243)% (247)97 (247)% (251)[99 (254)[100 (257)101 (258)102 (259)
[Rn] 6d 75" [Rn] 6d° 75 [Rn) 5f 6d 7s* | [Rn] 5f 6d 7s° | [Rn] 5f' 6d 75 [Rn] 5 7§ [Rn) 5f 75 [Rn] 5( Gd 7s* [Rn] 5f 7s° [Rn] 5f° 75° [Rn] 5f" 7§° [Rn] 5f* 7s° [Rn) 5f° 7s* [Rn] 5 7§°
3 4 54 65473 6,543 6543 6543 43 3 3 3 3.2

7 Actinoide | Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No

1050 10.111750 11.7/(1280  15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51|- -|- -|- e = = = <
- * 1113850 * 1.3 |- * 1.4 13818 *1.4 |3900 * 1.3 3235 * 1.3 |- * 1.3 {3100 * - - * -|- o -|- * -|- * -|- * -|- * -
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Hauptgruppen 18

P R P

1A 2 4o
1 1.01 2 4.00

1s

1 11
259 Hoog 2 A_tomzahl 43 (98.91) Atommasse (gewichtetes Mittel) 1 3 1 4 1 5 1 6 1 7 He018
255 21 |2A SRS g haten MIgre | eisiionsasiion 3B 4B 58 6B 7B 28 .

3 6.94/4 9.01 T S 10.816 12.017 14.018 16.00/° 19.00/10 20.18
[He1] 2s (He; 2¢° Symbol C [Hel gs“)p [He‘l gs."zf [l;a‘l gs; ?ap’ [He) 22:: 2 | [He 2:’ 2 | [Hej2s 2p°

: Schmelzpunkt [*C] 2140 115 Dichte [g/em’), fiir Gase [g/l] (0°C,1013mbar) = s o -

2 LI Be Siedepunkt [°C] 5030 * 1.9 Elektronegativitat B C N O F N e
181 0.53|1277 1.85| ’ ] (2030) 2.35/(3550) 2.2/-210 1.25/-219 1.43|-220 1.7(-249 09
1330 1.0 |2970 15 Radioaktiv 2550 2.0 (4830 2.5/-196 3.0 [-183 3.5 |-188 4.0|-246 -
11229912 2431 13 26.98(14 2809 15 39.?7 16 3?.Q6 17 355.4}5 18 3?.95

[Nel 30 Ne) 38 Nebengruppen [Nal:w ¥ | My l"’ggf;v [N;L 3;3'» lggg;ﬂ: [Ne] 3s° 3p
Na Mg 3 4 5 6 7 8 9 10 11 12 A| SI P Cl  Ar
0.97(650 1.74 2.70/1410 3344 1.82/119 2.07/-101 3.2/-189 1.78

392 09 1107 12 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 1.5 2680 1 8280 21 (445 25 |-35 30/-183 -

19 39.10/20 40.08/21 44.96/22 47.88/23 50.94/24 52.00/25 54.94/26 558527 5893|128 58.70(29 63.5530 65.38/31 69.72|32 725933 749134 78.96/35 79.90/36 83.80
[Ar] 4s [Ar] 4s° [Ar]3¢4s [Ar] 3d" 45 [Ar] 3d’ 45 [Ar] 3d" 4s [Ar] 3d° 45 [Ar] 3d" 45 [Ar] 3d" 45 [Ar] 3d 4s [Ar] 3d"‘ 4s [Ar]3d" 45" | [Ar] 3d'° 45 4p | [Ar] 3d” 45° 4p° | [Ar] 3d"” 45" 4p’ | [Ar] 3d" 45" 4p" | [Ar] 3d" 45" 4p° | [Ar] 3d" 45" 4p°
K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br K

64 0.86(838 1.55/1539 .54/1900 6.1/1875 7.19|1245 7.43/1536 7.86|1495 8.9(1453 9/1083 96/420 7.13(30 5.91937 5.32(Subl. 5.72217 4.79|-7 3.12[-157 37

760 0.8 1440 1.0 [2730 1 3 3260 1.5 |3450 152200 1.6 2097 1.5 |[3000 1.8 |2900 1.9|2730 1 9/2595 1 9 1906 16 (2237 16(2830 1.8 |- 2.0 |685 2.4 |58 28 |-152

37 85.47|3% 87.62/3° 88.9140 91.22/41 91.2242 9594/43 (98.91)44 101.07|45 102.91/46 106.42/47 107.87|48 112.4149 114.82|50 118.69/51 121.75|52 127.60/>3 126.90/54 131.29
[Kr]55 [Kr] 5° [Kr] 4d 5¢° [Kr] 4d" 55° [Kr] 4d" 55 [Kr] 4d° 55 [Kr] 4d" 55 [Kr] 4d” 55 [Kr] 4d" 55 [Kr] 4d"’ [Kr4d”5s | [Kr]4d”5s | [Kr]4d® 5s* 5p | [Kr] 4d” 55° 5p° lKr]4d'°5s’59 [Kr] 4d” 55* 5p* | [Kr] 4d” 5¢° 5p° | [Kr] 4d" 55" 5p°

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I X
1.53|7 261509 4471852 6.49/2468 857(2610 1022140  11.5(2500 12.4/1966  12.4{1552  12.0/961 g10.5 321 8.65/156 7.31232 : 69450 6.24/114 494112 589

688 0.8 1380 1.0(2927 1.2 (3580 1.4 |4927 1.6 5560 1.8 [5030 * 1.9 [3900 2.2 |3730 2.2 [3140 2.2 |2210 1.9 |765 1.7 |2080 1.7 |2270 1.8 1380 1 9 990 2.1 (183 25 [-108 -

55 132.91/56 137.33||71 174.97|72 178.49/73 180.95/74 183.85/75 186.21/76 190.20|77 192.22|78 195.08|7° 196.97|80 200.59/81 204.38(82 207.20/83 208.98/84 209) 85 210) 86 222)
[Xe] 6s [Xe] 68 [Xe] 41 5d 6s° | [Xe] 4f" 5d° 65" | [Xe] 4f" 5d° 6s” | [Xe] 4 5d" 65" | [Xe] 4" 5d" 65" | [Xe] 4" 5d° 65" | [Xe] 4f* 5" 65" | [Xe] 4 5d° 65 | [Xe] 47" 5d" 65| [Xe] 4 50 6s] [xe]4r*5a™ 65" 6p | [xe]ar* so'seso [Xe]ar* 50'6; 6p” | [Xe]41"5d° 65 6p' | [Xe] 41" 5d'Gs 6p* | [Xe]4r*5d" 65* 6p

1 2 3 4 5 654320 7642-1 | 864,320-2 | 64,321,0-1 420 31 21 341 64,2 7531
Cs Ba Lu Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn

29 1.90(714 3.76/ 1652 9.84|2222 13.31/2996 16.5(3410 19.33180 21.0/3050 22.6|2454 22.7|11769 21.4/1063 19.3/-38 13.6/303 11.85|327 11.4]271 9.8/254 9.3/(302) - 7)) 9.73

690 0.7/11640 09 3327 1.2 |5400 1.3 |5425 1.5 5930 b S 7 5900 1.9 (5500 2.2 |4500 2.2 3830 2.2 |2970 2.4 |357 19 [1457 18 [1725 1.9 |1560 19962 * 120|337 * 22/-62 * -

87 (223.0)/88 226.03||103 (262.1) 104 (261.1) 105 (262.1)1 5& ) 107 (264.1) 108 (265.1) 109 5268) 10 (269) 111 272) 12 (277 14 (289 16 (289 18 (293
[Rn1] 7s [Rnysf' [Rn] 5r; 6d 7| [Rn] 57 6" 7s* | [Rn] 5 64" 7 | [Rn] 66‘7s [Rn] 51" 6d" 76" | [Rn] 51 6d" 76" | [Rn] 5f* 6d’ 76" | [Rn] 5f* 6d" 7s | [Rn] 5f* 6d°
Fr Ra Lr Rf Db Sg Bh Hs Mt Uun/UuuUub Uug Uuh Uuo

@n - [700 50| |- = : s 9 5 . 3 7 2 s : <

677 * 0.7/1140 * 0.9 - * =) o * o * -le * =8 * =i & * = > * -

\ 57 138.9158 140.12/59 140.91/%0 144.24/61 (145)(62 150.36|63 151.96(64 157.25|65 158.93/66 162.50(57 164.93|68 167.26 69 168.93|70 173.04
\ [Xe] gd 65’ [Xe]‘ 4; 6s’ [Xe]:; 6s’ [Xe] 41‘ 65’ [Xe] ;f‘ 65’ [xq 4r 6s' |x=|34; 65 | [Xe] 4(3 5d 6s' lXe] 4r 65 | [Xe] -;f“ 65 | [Xe] «' 65 | [Xe] 4r 6s' [Xe] 4r 6s’ [Xe] 4r 6’
6 Lanthanoide | |3 Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb
\ 920 6.17(795 6.67/935 6.77/11024 00((1027) 7.22[1072 7.54/828 5.26/1312 7.89/1356 8.27(1407 8.54/1461 80(1497 05/1545 9.33/824
\ 3470 1.1 |3468 1.1 [3127 1.1 [3027 12 2460 * - 1790 1.2 1439 3000 1.1 2800 1.2 [2600 2600 12 2900 12 1727 1.2 (1196 1 1
\ 89 (227)90 232.04/°1 231.04|92 238.03|93 (237.05)94 (244)/95 (243) 9 (247)(97 (247)9 (251)%° (254)/100 (257)101 (258)/102 (259)
[Rn] 6d 75 [Rn] 6d° 7§° [Rn]5f 6d 7s° | [Rn]5f 6d 7s° | [Rn] 5f' 6d 75" [Rn)] 5f 7§° [Rn] 5( 7s [Rn) 5( 6d 7s [Rn] 5f 75° [Rn] 51 7§ [Rn] 51" 7§ [Rn] 5 7§ [Rn] 5f° 7§ [Rn] 5f* 7§
. . \ 3 4 54 6543 6543 6,543 43 43 3 3 3 32
Actinoide Ac Th Pa Pu Am Cm Bk Cf Es Fm Md No
1050 10.11750 11.7/(1230 15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51}- = -- = e =1k ~
- * 1.1/3850 * 1.3 |- * 1.4 /3818 *1.4 [3900 * 1.3 3235 * 1.3 * 1.3.|3100* - - ¥ » -- k2 * * %

D LB ey A (oo B e M s e e et
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Ayffillung der s-Orbitale Auffillung der p-Orbitale 18

AA 0
T 101 * 00
1s
1 1-1
259 HO 09 2 Atomzahl 43 (98'91) Atommasse (gewichtetes Mittel) 1 3 1 4 1 5 1 6 1 7 H e018
._253 2A - ElektronenKonfiguration [Kr] 1’:{ 5s ’ i 3B 4B 5B GB 7B 269 ¢
3 6. 94 4 9.01 T 5  10.81% 12.017 14.018 16.00° 19.00(10 20.18
lHe] 2s [He] 28° Symbol C (He] §s" » [He‘] 55;20: [P;B‘l gsz ?g, [H°]22_s; P (He] 215; % [He] 25 2p°

2 . Schmelzpunkt [°C] 2140 11.5/ Dichte [g/cm’], fur Gase [g/l] (0°C,1013mbar) -
LI Be Siedepunkt [*C]———5030 * 1.9 —— Elektronegativitat B C N O F Ne

181 0.53(1277  1.85 ‘

) (2030) 2.35|(3550) 2.2/-210 1.25-219 1.43/-220 1.7|-249 09

[1330 1.0 [2070 1.5 | Radioaktiv 2550 20 (4830  25/-196 30 |-183 35 |-188  4.0/-246

1n 2299112 2431 o ® 13 26.98/14 28.09(15 30.97(16 32.06|'7 35.45|18 39.95
s e Auffillung der d-Orbitale aradb d il A

3N3M93456789101112A|SiPSC|Ar

097/650  1.74 2701410 23344 1821119  207]-101 32189 178
892 09 [1107 12 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 15 (2680 1.8 [280 21 |445 25 |-35 30/-183 -
[19°730.10/20 40.08[21 44.96/22 47.88[23 50.94[24 52.00125 54.94[26 5585[27 58093[28 58.70[29 63.5530 65.38/31 69.7232 7259|323 749134 78.96/35 79.90/36 83.80

[Ar] 4s [Ar] 4s° [Ar]3d4s [Ar] 3" 45’ [Ar]3d 4s [Ar]3d' 4s [Ar] 3d" 45 [Ar] 3d" 45° [Ar] 3d 45 [Ar] 3d 4s [Ar] 3u'“ 4s [Ar)3d” 45" | [Ar] 3d‘° 45’ 4p | [Ar]) 3¢" 45 4p° | [Ar] 3d" 45" 4p” | [Ar] 3d" 4s 4p* | [Ar] 3d" 4s” 4p° | [Ar] 3d" 45" 4p°
4 K CalSc Ti v Cr Mn Fe Co Ni Cu Z G G As Se Br K
0.86/838 1 55 1539 01668 4541 6.1/1875 7.19(1245 7.43[1536 7.86|1495 8.9(1453 91083 96420 7.13(3f 5.9193 5.32|Subl. 5.72217 4.79|-7 3.12[-157 37

760 0.8 |1440 1.0 |2730 133260 15 3450 1.5[2200 1.6 2097 1.5 [3000 1.8 |[2900  1.9|2730 192595 19 906 16 2237 1.6 2830 1.8 |- 20685 24 |58 28 |-152 -
87 85.47|38 87.62(39 88.9140 91.22|41 91.22/42 959443 (98.91)44 101.07|4° 102.91/46 106.42/47 107.87|48 112.41/49 114.82/50 118.69|51 121.75/52 127.60|5% 126.90/°¢ 131.29

[qus [KI]SS [Kr] 4d 55° [Kr] 4¢° 55° [Kr]4d‘55 [Kr] 4d" 55 [Kr]4d"5s [Kr]4d 5 [Kr] 4d’ 55 [Kr] 4d° [Kr14d”5s | [Krj4d”5s° | [Kr]4d® 55 5p | [Kr]4d” 5¢° 5p° [Kr]4d"55’59 [Kr] 4d” 55* 5p° | [Kr] 44" 55° 5p° | [Kr] 4d” 55 5p°
S Rb Sr 'Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In S Sb Te I X

1.53|768 261509 4.47/1852 6.49/2468 8572610  10.2[2140 1152500 12.4(1966  12.4[1552  12.0/961 10.5(321 8.65/156 7.311232 7.30 69/450 6.24/114 4.94/-112 5.89
688 0.8 |1380 1.0/2927 1.2 |3580 1.4 |4927 1.6 [5560 1.8 |S030 * 1.9 (3900 2.2 [3730 22 3140 2.2 [2210 1.9 |[765 1.7 |2080 1.7 (2270 138 1380 19 990 21 [183 25 |-108

55 132.91/56 137.33|[71 174.97|72 178.49/73 180.95/74 183.85/75 186.2176 190.20|77 192.22|78 195.08|79 196.97/80 200.59/81 204.38|82 207.20/83 208.98/84 (209)|85 210) 86 (2-22)

(Xe] 6s (Xe]Bs [Xe] 4r 5d 65’ | [Xe] 4" 5d° 65" | [Xe] ‘f 5d° 65" | [Xe] 47 5d" 65" | [Xe] 4" 5d° 65 | [Xe] 4f" 5d° 6s° | [Xe] 4f* 5d" 65" | [Xe] 4" 5d° 6s | [Xe] 4f" 50" 6s | [Xe] 4F* 5d" 657 [xe)4f* 53" 65" 6p | [xe]ar* %c'ss'eo lXe]AF 5a'ss 6p” | [Xe]4f*5d° 65% 6p’ | [Xe]4r* sa'ﬁs 6p" | [Xe]4r*5d" 65 6p
6 C B 4 654320 76,4,2-1 864320-2 | 643210-1 420 31 21 31 642 7531
1.90/714 3761652 9.84(2222 13.312996  16. 5/3410 1933180  21. 03050  22.62454  22.7/1769 21 4(1063  19.3/-38 13.6/303  11.85|327 11.4271 9.8/254 9.3/(302) - |71 9.73

690 0.7/11640 09 |[3327 1.2 [5400 1.3 [5425 1.5 5930 1.7 [5900 1.9 5500 22 [4500 2.2 |3830 2070 2.4 357 19 [1457 18 (1725 1.9 |1560 19/962 * 20[337 * 22/-62 * -
(87 (223. 0) 88 226.03|[103 (2621 104 (2611 105 (2621)1065& 31)107 $264 1)108 $ 265.1) 109 5268)110 g269)111 g7 Y112 (277 14 (289 116 (289 18 (293

[Rn]7s [Rn]7s [Rn] 5r 6d 75 | [Rn] 5 6d° 7s* | [Rn] 51 64" 75" | [Rn] 5" 6d" 7s”| [Rn] 51" 6d" 75| [Rn] 5" 6d" 75" | [Rn] 5f* 6d’ 757 | [Rn] 5f* 6d" 75 | [Rn] 5*
(27) - |700 = = S c o
677 _* 0.7/1140 * 09r * e AR \.

e - " * = 1 * = 8 * -

‘»\\ ) Auffullung der f-Orbitale

‘\ 57 138.91/58 140.12/59 140.91/60 144.24/617 (145)(62 150.36|63 151.96/64 157.25|65 158.93|66 162.50(67 164.93|68 167.26/6° 168.93|70 173.04
\ [Xe] gd 6s’ (Xe|4 4; 6s' [Xa]:; 6s' [Xe) ;r 6s [Xe] 4f 6s lXa];; 6s' [Xe];; 65" | [Xe] 4(3 5d 6s° |x=]44; 6s° [Xe) g" 6s’ [Xe] 4r' 6s [Xe) 431“ 6s’ [x:] 4r’ [x:] «“ 6s’

6 Lanthanoide |a Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

| (920 6.17|795 6.67/935 6.77|11024 7.00((1027) 7.22/1072 7.54/828 5.26/11312 7.89/1356 8.27(1407 8.54/1461 80/1497 9.05/1545 33/824
“) 3470 1.1 |3468 1.1 (3127 1.1 {3027 1.2 [2460 * - 1790 1.2 (1439 - 3000 1 2800 1.2 [2600 - 2600 12 2900 1.2 1727 12 1196 11
89 (227)/% 232.04/9" 231.04%2 238.03%3 (237.05)% (244)[9 (243)[% (247)97 (247)%8 (251)[% (254)100 (257) 101 (258)/102 5ggsg)
[Rn)6d7s° | [Rn]6d'7s | [Rn] 5: ‘Od 7§ an]‘ 5; ‘eg 7 |Rn13 5;‘ fg 78 [Rg}s A Zs’ [Rn] 5f 7{ [Rn] 54! 3ea 75" [Rn] 5( 78 [Rn]‘ ; 75 | [Rn)5f'7s° | [Rn]5f°7s° | [Rn]5f°7s' [Rn]
3 4 X ,9,4, EXR 54, X 3 . ! 3

7 Adioide  Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md_ No

{1050 10111750  11.7|(1230 15.4{1132 19.07|637 19.5/640  19.81/994 13.7|(1340) 13.51)-
- * 113850 * 13 |- * 1.4 [3818 *1.4 |3900 * 1.3 (3235 *13 |- * 1.3 [3100 * -

* ol 1 * .- * o * - *

e o o o e O s et B o e e o e S et



Ayffollung der s-Orbitale

1A

T 101
1s
1-1

H

259 0.09|
-253 1 LZA

3 6.944 901

[He] 2s [He] 25"
1 2

Li Be

181 0.53{1277  1.85
(1330 1.0 |2970 15

11229912 24.31

[Ne] 3s [Ne] 3s’

Na Mg

0.97|650 1.74

892 0.9 [1107 12

3

3A

Atomzahl
ElektronenKonfiguration

Symbol—

Schmelzpunkt [°C]
Siedepunkt [°C]

Atommasse (gewichtetes Mittel)

-Oxidationszahlen

Dichte [g/cm’), fur Gase [g/l) (0°C,1013mbar)
Elektronegativitat

Auffillung der p-Orbitale

14 15

4B 5B

16 17 He
6

18

" ¢
2 4.00

1s’

018
7B -269

10.81%  12.017 .01
3 [He] 25* 2p° [He] 2s* 2p°
424 54323

C

(2030) 2.35((3550) 2.2[-210
20 4830 25196

16.00/° 19.00/10 20.18

[Hs]225: 2p* [He] 215’ 2" [He) 2s° 2p°

O F Ne

1.43/-220 1.7|-249 0.9
3.5 |-188 4.0-246 o

Auffillun
4 5

4A 5A 6A

Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente

[19°39.10/20 40.08

[Ar‘]| 4s [Ar] 4s°

K Ca

0.86(838 1.56
760 0.8 |1440 1.0

21 44.96

(A1) 3d 45’

Sc

1539
2730 1 3

22 47.88|22 50.94/24

[Ar] 3d" 45 [Ar] 3d’ 45° [A
43

54320 E

TV

0[1668  4.54/1900 6.1/1879
3260 1.5 |3450 1.5{2200

32.06/17 35.45|18 39.95

INe]3s* 3p° | [Ne]3s'3p’ | [Ne]3s'3p’
6.4,2-2 7531,

Cl | Ar

2.07/-101 3.2-189 1.78
25 |-356 3.0/-183 -

37 85.47|38 87.62

[Kr] 5s [Kr] 5s°

Rb Sr

1.53|768
688 0.8 |1380 1 0

39 88.91

[Kr] 4d 5¢°
3

o

6(1509  4.47
2027 1.2

[Kr] 4d° 55° [Krl 4d‘ 5s K1
4

Zr Nb N

1852 6492468  8.57|261(Q
3580 1.4 14927 1.6 |556Q

91.22/41 91.22|42

55 132.91|56 137.33

[Xe] 6s [Xe] 6s

Cs Ba

1.90/714 3.76
690 0.711640 09

(87 (223.0)/88 226.03

[Rn] 7s [Rn] 7’
1 2

Fr  Ra

@) - [0  s0|-
1677 * o7/1140 * o09||-

6 Lanthanoide ‘\

Actinoide

71174.97

[Xe] 4f* 5d 65
3

Lu

1652 9.84
3327 1.2

72 178.49|73 180.95/74
[Xe] 4 5d° 6s° | [Xe] 4f" 5" 65° [x;]5
4 5 :

Hf Ta )

2222 13312996  16.5/341(Q
5400 1.3 |5425 1.5 |593Q

78.96/35 79.90/36 83.80

13d'°4s 4p* | [Ar]3d" 4s° 4p° | [Ar] 3d” 4s° 4p°
75311

Se Br Kr

4.79-7 3.12-157 37
24 |58 238 |-152

127.60/53 126.90(54 131.29
14d° 56 5p° | [Kr] 4" 59 5p° | [Kr] 40" 58 5p°
64.-2 751

TeIXe

6 24 114 4.94-112 5.89
183 25 |-108

103 (262.1
[Rn] 5" 6d 75
3

Lr

*

\

104 (261.1)105 (262.1) 106
[Rn] 5f* 6d° 75’ | [Rn] 5f* 6d’ 75" | [Rn]

| Rf | Db | §

* i *

\ [57138.915%8 140.12[59 140.9

\ [Xe] 5d 6s’
\ 3

La

| lo20
\ |3a70
89

\1 050

[Xe] 4f 65" [Xe] 4f 65°
43 43

Ce Pr

6.17|795 6.67/935 6.
1.1 (3468 1.1 3127 1.1

209) 8 (210)8 (222)

141*54° 6’ 6p' [xe]df 5c| Gs 6p' | [Xe]4f*5d" 65 6p
642

Po At Rn

9.3/(302) - |(71) 973

2 * 20[337 * 22/-62

Juh_ Uuo_

(289 118 (293

* -

(227)%0 232.04{°1 231.04

\ [Rn] 6d 7s

' Ac

1011750  11.7/(1230 154
* 11[3850 * 13| * 14

[Rn]6d" 7 | [Rn]5f 6d 75
4 54

Th Pa

K L M Symbol
Is |2s 2p |[3s 3p 3d
1 1] 1s'
2 1] 1s?
3 il [He] 2s'
4 i [1 [He]2s?
5 | [t4[t [He] 25> 2p'
6 || G [He] 25> 2p
7 | [He] 252 2p
8 ] ([T [ ]t [He] 2s*2p*
9 T | (T[T [He] 2s?2p°
10 [T | (T [He] 2s*2p®
1 1] [Ne] 3s'
12 m [Ne] 3s>
13 Neonkonfigura- |[11[t [Ne] 3s*3p'
14 tion [Ne] [t ]t [Ne] 3s?3p
15 [t |t ]t [Ne] 3s*3p’
16 [t It [Ne] 3s*3p*
17 T TTT [Ne]3s*3p’
18 TH{THTHTL [Ne] 3s?3p®
19 1] [Ar]4s
20 m [Ar]4s
21 1 m [Ar]4s®3d'
22 Tt m [Ar]4s*3d?
23 Tt 1] [Ar]4s?3d’
Tl ] [Ar]4s'3d°
e | [ty [Ar]4s’3d’
ittt [Ar] 4s*3d°

70 173.04
[xq 4\‘“ 6s'

Yb

824
1196 1 1

[Rn] sSg =

No

b e oy e B e b st e i S et



fest

1

1A

2

flussig

Atomzahl

gasformig

radioaktiv

Atommasse (gewichtetes Mittel)

13

14

15

16

18

17

ElektronenKonfiguration
2A Oxidationszahlen 3B 4B 6B 7B
6.94 4 9.01 S 10.81|6
[He] 26 [He] 25° Symbol [He] 25° 2p
2 1 . 2 Schmelzpunkt [°C] Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar) ]
L I B e Siedepunkt [°C] Elektronegativitat B
181 0.53/1277  1.85 U (2030) 2.35((3550) 2.2
1330 1.0 [2070 15 Radioaktiv 2550 20 |4830 25
1229912 24.31 13 26.98(14 28.09/1> 30.97/16 32.06
[Ne] 3s [Ne] 3§ [Ne] 3s* 3p [Ne) 35 3p° [Ne] 3s° 3p° [Ne] 3s° 3p*
3 N M Al Si P S
0.97/650 1.74 3 4 5 7 8 9 O 1 1 1 2 660 2.70|1410 2.33|44 1.82(119
892 09 |1107 12| 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 1.5 |2680 1.8 [280 21
19 39.10120 40.08/21 44.96/22 47.88/23 50.94|24 52.0025 54.9426 558527 58.93/28 58.702° 63.55/30 65.38/31 69.72|32 72.5933 74.91
[Ar] 45 [Ar] 4s* [Ar] 3d 4s' [Ar] 3d" 4s° [Ar] 3d” 4s° [Ar] 3d” 45 [Ar] 3d” 48 [Ar] 3d" 4s° [Ar) 3d‘ 4s’ [Ar] 3d"‘ 4s [Ar]3d” 4s° | [Ar] 3d"’ 4s* 4p | [Ar] 3d” 4s° 4p° | [Ar] 3d" 45" 4p’ | [Ar] 3d‘° 4s 4p*
4 K Ca 'Sc Ti V Cr Fe Co Ni Cu Zn Ga Ge As S
64 0.86/838 1.55[1539 0|1668 4.54/1900 6.1(1875 7.19/1245  7.43/1536 7.86(1495 8.9(1453 8.96/420 7.13/3 5.91(937 5.32|Subl. 5.72|1217
760 0.8 |1440 1.0 |2730 1 3 3260 1.5 [3450 1.5/2200 1.6 [2097 1.5 |3000 1.8 2900 1.9|12730 1 9 2595 1.9 |906 1.6 2237 1.6 |2830 1.8 |- 2.0 |685 2
37 85.47/38% 87.6239 88.91/40 91.22/41 91.22/42 9594 44 .101.07/45 102.9146 106.42|47 107.87|48 112.414° 114.82|°0 118.69|51 121.75/52 127.60
[Kr] 5s (m 5¢° [Kr] 4d 58 [Kr] 4d° 5° [Kr] 4d‘ 5s [Kr] 4d° 55 [Kr] 4d” 55 [Kr] 4d° 55 [Kr] 4d° [Kr]4d°5s | [Kr]4d®5s° | [Kr]4d” 5s° 5p | [Kr] 4d” 55° 5p° | [Kr] 4d ss 5p° | [Kr] 40" 5 5p*
5 Rb Sr Y Zr Nb Mo Ru Rh Pd Ag Cd In Sn Sb Te
39 1.53|768 6(1509  4.47|1852 6.49|2468 8.57 12.4/1966 12.4/1552 12.0/961 10.5/321 8.65(156 7.31232 7.30/631 6.69/450 6.24/114
688 0.8 |1380 1 0 2927 1.2 |3580 1.4 14927 1.6 .2 |3730 2.2 |3140 22 .9 |765 1.7 |2080 1.7 [2270 1.8 [1380 1.9 |990 2.1 [183 &
55 132.91|56 137.33|71 174.97|72 178.49|73 180.95 77 192.22|78 195.08 81 204.38/82 207.20/83 208.98|84 (209) 85 210)
[Xe] 65 [Xe] 68° [Xe] 4 5d 65| [Xe] 4f" 5d° 65" | [Xe] 41 5d° 65" [Xe] 47" 5d’ 65° | [Xe] 41" 5d° 6s | [Xe] 4f“ 54° 6s [Xe]4f5d" Bs* 6p IXew sa‘ 65* 67 | [Xe] 41*5d° 657 6p” | [Xe] 450" B 6p' | [Xe] 475" B’ Bp!
6 C1 Bz L3 a 5 8.6.4,3.2.0.-2 64,321,0-1 420 31 53 64,2 75311
29 1.90(714 3.76| 1652 9.84/2222 13.31(2996 16.5(3410 19.3[3180  21.0|3050 22.6|2454 22.7|1769 21.4/1063 11.85/327 11.4{271 9.8(254 9.3/(302)
690 0.7(1640 0.9 |[3327 1.2 |5400 1.3 (5425 1.5 [5930 1.7 |5900 1.9 [5500 2.2 |4500 2.2 3830 2.2 |2970 1.8 1725 1.9 |1560 1.9/962 * 2.0(337 * 22

6 Lanthanoide

7

Actinoide

7.89|1356
1.1 2800

8.27/1407
1.2 2600

8.54/1461
2600

1.2 |2900
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1 Nichtmetalle

1A
T 1ot 400
1-1
1 H He
:259 oo 2 ElektronenKon::;?Jr:z‘iztiaohr:ﬂ43[K5]g4§ 21 ))‘ At"‘mrﬁasse i 1 3 1 4 1 5 1 6 1 7 018]

3B 4B 5B 6B 7B 269

: I : 12.01|7 14.018 16.00° 19.00/10 20.18
[He] 2s [He] 28° Symbol C [He] 2° 2p [Hel2s'2p" | [He]2s'2p’ | [He]2s'2p' | [He]2s°2p° | [He]2s® 2p°
1 424 5432-3 21 -1
2 . d Schmelzpunkt ['C]——2140  11.5 Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar) ] /
L| Be Siedepunkt [° C]—soso £ 1.9 Elektronegativitat N O F N e
181 0531277  1.85 22[-210 1251219  1.43/-220 1.7|-249 0.9
1330 1.0 [2970 15 Rad'°a’¢'v 830 25196 30 |-183 35 |-188 4.0-246

M 209912 24.31 M t I I WE: 280075 309716 32.06/17 354518 39.95
[Ne] 3s [Ne] 3s° e a e [Ne] 3s" 3p [Ne] 3s° 3p* [Ne] 3s° 3p° [Ne] 3s 3p* [Ne] 3s* 3p* [Ne] 3s° 3p°
2 3 4-4 = 53-3 6,42-2 75311

3 Na Mg 3 4 9 10 11 12 AI}Si P | S CI Ar
0970650  1.74 660 i 23344 1821119 207101 32-189 178

892 09 [1107 12| 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 1. 280 2.1 (445 25 |-35 3.0-183 -
19 39.1020 40.08/21 44.96/22 47.88/23 50.94/24 52.00(25 54.94/26 558527 58.93|28 58.70/2° 63.55/30 65.38/31 69.7 D@33  74.9134 78.96/35 79.90/3% 83.80
[Ar] 45 [Ar] 48 [Ar] 36 4s [Ar] 3d 4s' [Ar] 3d’ 4s° [Ar] 3d° 4s [Ar] 3d” 48" [Ar] 3d° 4s [Ar] 3d 4s [Ar] 3d 4s [Ar]3d"” 4s [Ar]3d” 45 | [Ar]3d"” 4s® 4p | [Ar] 3d" 45° 4l [Ar] 3d" 45 4p’ | [Ar] 3d 4s 4p* [Ar] 3d 4s 4p [Ar] 3d"” 45" 4p°

1 2 54320 6,320 764320-1 6,32,0-2 21 2 3 4 53-3
4 K Ca Sc Ti 'V Cr Mn Fe Co N| Cu Zn Ga Ge|l As Se Br Kr

64 0.86|838 1.55(1539 0[1668  4.54/1900 6.1|11875  7.19(1245  7.43/1536  7.86/1495 9(1453 9(1083  8.96/420 7.13|30 5.91937 5.
760 0.8 |1440 1.0 |2730 1 3/3260 1.5 [3450 152200 1.6 2097 1.5 |3000 1.8 |2900 1 9 2730 1 92595 1.9 |906 1.6 2237 1612830 1.

37 85.47(3% 87.62|39 88.9140 91.22/41 91.22/42 05.94/43 (98.91)44 101.07|45 102.9146 106.42/47 107.87/48 112.4149 114.82/0 118.6

Subl. 572|217 4.79|-7 3.12}-157 3.7
- 685 24 |58 2.8 |-152

2 127.60/53 126.90/54 131.29

[Kr] 58 [Kr] 58° [Kr] 4d 55° [Kr] 4d° 55 [Kr] 4d 5s [Kr] 4d° 55 [Kr] 4d° 5s [Kr] 4d’ 5s [Kr] 4d° 5s [Kr] 4d [Kr] 4d” 5s [Kr]4d"” 58° | [Kr] 4d” 55° 5p | [Kr] 4d 5s 5p° | [Kr] 4d 55 SpIKr] 4d 5s 5p* | [Kr] 4d"” 5s° 5p° | [Kr] 4d" 5s° 5p°
5 Ro Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn SblTe | X

30 _4malzan  oalena  aszliass  ssdossa  mmzbein  anoloisn  aasbeng 1241966 1241552 1200961 105321 865156 731232 730631  664MS0 624114 494112 589

e e g e, e il R

[)Je ElgenSChaften Von Metallen u ;f?g()d;%zso [)éea]gféidoef [Xe]4f‘ 5d 6s [Xe]4f 5d 6s [Xe]4f2‘15d.'“65 [441';‘11"5;' D K;}av‘:uz"u,@-w [»]u"g'ge;’su [Xe)4f*50" Bs? Bp »];rs:;g‘;»;n); 0)4f" ( )

6 C Ds Ir Pt Au Hg TI Pb Bi Po] At Rn

. - ihiakelt LEE 2o oo s Gow e e wm, kg,

330(2 1. Elektr|SChe Leltfahlgkelt D$,26§~21 109 (268) 110 ‘(25;9)111 @r2)112 (277 ~ 14 (289 ‘ Te (203
[Rny 2 Wérmeleitféhi keit 5f" 6d° 7s” | [Rn] 5 6d’ 7s” | [Rn] 5f“ 6d° 7s | [Rn] 5 6d"” 7s

7| R4 _ g Hs | Mt Uun Uuu Uub Uugq Uuo

& | 3. Metallischer Glanz s £ e L & B op T g ° E W - . -

4

. Feststoff

)|62 150.36|63 151.96/64 157.2565 158.93/66 162.50(67 164.93|%8 167.26/%° 168.93|70 173.04

[Xe] 5d 6s° [Xe] 4f 65 [Xe] 4f 6s’ [Xe] 4f* 65" [Xe] 4f 6s° [Xe] 4f 65’ [Xe] 4f 65" | [Xe] 4f 5d 65 [Xe] 4f 6s° [Xe] 4f° 65 [Xe] 4f" 6s° [Xe] 4f" 65" [Xe] 41" 65" [Xe] 4F 6s’
3 43 ) 3 32 32 3 43 3 3 3

6 Laritancide. La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

\ 920 6.17(795 6.67|935 6.77|11024  7.00/(1027) 7.22|1072  7.54/828 5261312  7.89|1356  8.27|1407  8.54/1461 8.80(1497  9.05/1545  9.33/824 6.98

3470 1.1 |3468 1.1 13127 1.1 13027 1.2 |2460 * - 1790 1.2 |1439 - 3000 1.1 |2800 1.2 |2600 - 2600 1.2 |2900 1.2 1727 1.2 |1196 13
89 (227)/% 232.04/91 231.04(92 238.03(%3 (237.05)9 (244)9 (243)[% (247)97 (247)9 (251)[%9 (254)100 (257) 101 (258)[102 (250)

[Rn] 6d 75 [Rn] 6d° 75" [Rn] 5f 6d 7s” | [Rn] 5f 6d 7s° | [Rn] 5f° 6d 75° [Rn] 5f 7s° [Rn] 5f 7s° [Rn] 5f Bd 7s° [Rn] 5f 7s [Rn] 50" 7s [Rn] 51" 7§ [Rn] 5f* 7° [Rn] 5f° 7s° [Rn] Sf 7s°
3 54 6543 6,543 6,543 6543 3 3 3

7 ncnode | Ao Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No

1050 10.1|1750 11.7/(1230 15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51|- -|- -|- -|-
- * 1113850 * 1.3 |- * 1.4 13818 *1.4 |3900 * 1.3 3235 * 1.3 |- * 1.3 [3100 * - - * -|- o -|- * -|- *

© 2000 ChemGlobe (http://chemalobe tsx.ora)



1 Alkalimetalle

2

2A
4 9.01

L rela
-253

3

0.09
21

6.94

licalimetatea—

Elekt onenﬁonflguratlon

Symbol

43 (98.91)
IKf]47d'5S

Oxidationszahlen

Atommasse (gewichtetes Mittel)

Edelgase
9 18

Halogene

Nichtmetalle
14 15 16

4B 5B 6B

13

3B

17

7B

[He] 25
1

Li

[He] 25"
2

Be

181

1330

531277
1.0 |2970

1.85
15

1

22199

12

24.31

[Ne] 3s

Na

0.97
892 0.9

[Ne] 3s*
2

Mg

650 1.74
107 12

3

4A

Schmelzpunkt [°C]——
l—|

4

5A

Siedepunkt [*

2140
5030 * 1.9

[

11.5

Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar)
Elektronegativitat

Radioaktiv

Metalle

Ubergangsmetalle

5

6

6A

7

7A

8

8

9

8

10

8

11

1B

12

2B

19 39.10
[Arrs

K

64 0.86|838
760 0.8

20 40.08
b

Ca

1.55
1440 1.0

3A
21 44.96
[Ar] :;d 4s°

Sc

1539
2730 1.3]

22 47.88

3.0{1668
3260

[Ar] 3d" 4s°
f.

15

23 50.94

54(1900
3450

[Ar] 3d’ 45
54320

6.1
1.5

1875
2200

[Ar] 3d" 4s
6320

Cr

1.6

24 52.00

719

25 5494

[Ar] 3d" 45"
7,6,4,32,0-1

Mn

1245
2097 15

7.43

26 55.85
[Ar] 3¢ 45
63202

Fe

1536
3000 1 8

27 58.93
[Ar] 3d’ 4s'
3,20-1

Co

86(1495 89
2900 1.9

28 58.70

[Ar] 3d' 4s°

N|

1453
2730

1

[Ar] 3d’°

Cu

92595

29 63.55

19

30 65.38
[Ar] 3d‘°

Zn

7.13
906 1.6

37 8547
tke} e

Rb

688 0.8

38 87.62
[Kr] 55

2
Sr
26
1380 1.0

39 88.91
s

Y

1509  4.47
2027 1.2

408NQ1i22

1852
3580

[Kr] 4d" 55°
4

Zl

6.49|2:
1.4

41

4927

91.22
ke 4 5o

Nb

8.57
16

26

5560

[Kr] 4d° 55

654320

Mo

10
18

42 9594

10.2

43 (98.91
[Kr] 47& 5s

Tc

2140 11
5030 * 1.9

5

44 101.07
[Kr] 4d’ 55
8643202

Ru

2500 124
3900 22

45 102.91
[Kr] 4" 55
54,3120

1966 124
3730 22

1552
3140

46 106.42

[Kr] 4d*
4,20

Pd

12.0
22

961
2210

47 107.87
K] 44" 55
24

10.5
1.9

48 112.41
(xrug" 55°

Cd

321 8.65
765 1.7

55 132.91
p(qss

Cs

1.90
690 0.7

%6 137.33
[Xe] 65"

B
714 3.76
1640 09

71 174.97
[Xe]4f; 54 65°

Lu

1652 9.84
8327 12

72 178.49
[Xe] 4'; 5d° 65

2222
5400

Hf

13.31
1.3

73 180.95
[Xe] 4";5d‘0€

2996
5425

Ta

16.5
1.5

3410

74 183.85
[Xe] 4f" 5d° 65"
654320

193

75 186.2

[Xe] 47" 5¢° 65°

764,21

Re

3180
5900

210

176 190.20

[Xe] 4" 5d° 65*
8643202

Os

3050 226

77 192.22
[Xe] 47" 50’ 65"
6432101

Ir

2454 22 7
4500

1769
3830

78 195.08
[Xe] 4" 5d° 65
42,0

Bt

21

22

Au

1063
2970

A4

79 196.97
hif

19.3
24

80 200.59

[Xe] 4" 5d"°
21

Hg

-38 13.6
357 19

87 (223.0)

88 226.03

103 (262.1
[R

104 (2611

n] 57 6d° 75

105 (262.1) 1

[Rn] 5$'

107
[Rn]

108
[Rn]

[Rn] 5f* n)

268) 110
[Rn] 51

269
75| [Rn] 5

1

272

* 7s.

2 @277

[Rn] 7s [Rn] 75"
1 2

IRn]5f;6d7

[Rn] 5 6" 7"

Fr
- |700

Ra

50 |-

Lr_

*

@7
677 * 0.7[1140 * 09||-

Rf

*

Db

Sg

*

Bh

Hs Mt

Uun

*

*

U

*

uu U

*

ub_

|

6 Lanthanoide |

7

Actinoide

[Xe] 5d 6s°
3

La

920
3470

57 138.91

6.17
Al

[Xe] 4f 65
43

Ce

795 6.
3468 1

58 140.12

&

Pr

6.
1

67|935

3127

59 140.91
[Xe] 4f 65"
43

Al

[Xe] 4f' 65°
3

Nd

1024
3027

77
1.2

60 144.24

7.00

61 (145)

[Xe] 4f 65
3

Pm

(1027) 7.22
2460 * -

62 150.36

[Xe] 4f 65
32

Sm

1072
1790

7.54
1.2

[Xe] 4f 6s°
32

Eu

828
1439

63 151.96

5.26

64 157.25
[Xe] 4f 5d 6s°
3

Gd

1312 7.89
3000 1.1

65 158.93

[Xe] 4f 65"
43
1356 8.27

2800 1.2

66 162.50
[Xe] 4f° 6s°
3

Dy

1407 854

67 164.93

[Xe] 4f" 65"
3

Ho

1461 8.80
2600 1.2

68 167.26

[Xe] 4f“ 65
3

=

1497  9.05
2000 1.2

69 168.93

[Xe] 4f‘ 65

Tm

1545  9.33
1727 1.2

70 173.04

[Xe] 4F 6s’

Yb

824 6.98
1196 1.1

[Rn] 6d 75°
3

Ac

1050

8 (227)

10.1
xaa

Th

1750
3850 * 1

90 232.04

[Rn] 64" 75°
4

11.7
3 -

Pa

(1230
*

o1 231.04
[Rn) 5f 6d 75"
54

15.4
1.4

[Rn] 5F 6d 75°
6543

1132
3818 *1.4

92 238.03

19.07]

93 (237.05
[Rn] 51 6d 75"
6,543

637 19.5
3900 * 1.3

94

[Rn) 5 7§
6543

Pu

640

(244)

19.81
3235 *1.3 |-

95

[Rn] 5f 7s°
6543

Am

994

(243)

13.
S

9% (247)
[Rn] 5( Bd 75

Cm

7

3100

(1340) 13.51-
e -

97 (247)
[Rn] Sf 7s°

Bk |

98

2600 -
(251)
[Rn] SF 7s°

Cf |

9% (254)

[Rn] 51" 78°
3

*

Es |

100 (257)

[Rn] 5f* 7s°
3

*

Fm__

101 (258)

[Rn] 5f° 7s*
3

Md

102 (250)

[Rn] Sf 7s°

No_
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Trends im Periodensystem der Elemente



» Innerhalb einer Gruppe nimmt | mit zunehmender Ordnungszahl ab, da auf jeder neu
hinzukommenden Schale die e- schwacher gebunden sind.

Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente
Periode z[Ele- |[K| L M N Symbol Peri-
25 ment | 1s | 2s 2p (3s 3p 3d 4s 4p ode
1|H |[] 1s' 1
2| He |[tl] 1s?
3| Li ([ | [He] 2s'
4| Be |[t]|[t7 [He] 2s?
s| B |[ty] |[rYr [He] 2s*2p'
20 6| c || [Hel2s'2p" |,
7N ([t ([t [ ] [He] 2s*2p’
T gl o ([t |[t[tift It [He] 2s*2p*
9| F [|14 [Tyt [He]2s*2p°
= 10| Ne ([T |(THLT4TN [He] 2s*2p®
=< 15 11| Na ] [Ne]3s'
2 12| Mg 1] [Ne]3s®
@ 13| Al |Neonkonfigura- ET [Ne] 3s*3p'
s 14| Si  [tion [Ne] | [Ne]3s*3p> |3
& 15| P |G [Ne]3s’3p®
5 16| S e ]t [Ne] 3s3p*
3 10 17| €1 t[TLT [Ne] 3s23p°
= 18| Ar (T [Ne]3s*3p°
= 19| K ] [Ar]4s’
20| Ca m [Ar] 4s?
21| Sc 1 m [Ar]4s*3d’
22| Ti TIr m [Ar]4s*3d
5 23| v T m [Ar]4s*3d’
24*Cr AN [Ar]4s'3d°
25| Mn AR [Ar] 4s*3d°
26| Fe Tt ]| [ [Ar]4s’3d°
B 27| Co | Argonkonfiguration [Ar] i n E [Ar]4sz3d; 4
28| Ni T T )] T [Ar]4s”3d
0 %1 | |151 11 11101 L |115l L 1210”_3%1 | 1§5[ 1318H 15|01 1 n€|)5| ”_BI pod i ]| [ [Ar]4s;3d:z
21-30 29-48 57-8 30| Zn THTTLTLTY| [T4 [Ar]4s23dlo ]
T — 31| Ga Tty [ty [t [Ar]4sz3dlo4p2
’ 32| Ge THTrtd]] (it It [Ar] 4s*3d"" 4p’




» Innerhalb einer Gruppe nimmt | mit zunehmender Ordnungszahl ab, da auf jeder neu
hinzukommenden Schale die e~ schwacher gebunden sind.

» Innerhalb einer Periode nimmt | mit zunehmender Ordnungszahl zu, da keine neuen
Schalen aufgefillt werden.

Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente
Periode 3 | 4 | 5 | z[pe- [k L M N Symbol Peri-
95 ment | 1s | 2s 2p |[3s 3p 3d 4s 4p ode
1|H |[t] 1s' 1
2| He |[1{] 1s?
3| Li o] [He] 2s'
4| Be |[t1]|[T] [He] 2s?
5| B |t |[r[r [He] 2s*2p'
20 6| c |[l|[mIr ] (Hel2s'2p |,
7N ([t ([l [ [He] 2s*2p’
sl o [ty [[t[tifr It [He] 2s? 2p*
9| F [Ty [[Ty[Tefrift [He] 2s*2p°
= Ar 10| Ne ({4 |{{TH{ITHTL [He] 25°2p°
2 15 11| Na ] [Ne] 3s'
2 Kr 12| Mg 1l [Ne] 35’
& Cl 13| Al |Neonkonfigura- |[t1|[t [Ne] 3s?3p'
5 14| Si [tion [Ne] it ]t [Ne]3s’3p> |3
& Br 15/ P it T [Ne] 3s%3p®
5 P 16| S ][t [t [Ne] 3s*3p*
3 10 S As 17| c1 [t [Ne]3s%3p°
2 ' Se 18| Ar [TH{TTHTL [Ne] 3s3p°
= Mg ¢ Si Ge 19| K ] [Ar]4s'
20| Ca m [Ar] 4s>
Ca 21| Sc 1 m [Ar]4s?3d'
Ga 22| Ti T m [Ar]4s?3d
5 i S| 23| v T m [Ar]4s?3d’
. S 24*Cr A [Ar]4s' 3d°
- 25| Mn HEEEEEE [Ar]4s*3d°
26| Fe it [t ]| [Ar] 4s>3d°
B 27| Co | Argonkonfiguration [Ar] |[T[ti[t [t [T]| [1}] [Ar]4s§3d; 4
0 1|1|111|111H|||H|l||J4111111|ml||||||1}J 28| Ni TTUTT T (T [Ar]4sl3dw
1 5 10 15 2031 35 38 5 55 g HFCu IR0 il L
21-30 39.48 57.9 30| Zn t | [t [Ar]4s?3d"
Ordnunaszahl 31| Ga trriftd]] (i [t [Ar]4s?3d'4p
g N 32| Ge T[Tl [T ] ] | Ar4s?3d" 4p?




» Innerhalb einer Gruppe nimmt | mit zunehmender Ordnungszahl ab, da auf jeder neu
hinzukommenden Schale die e~ schwacher gebunden sind.

» Innerhalb einer Periode nimmt | mit zunehmender Ordnungszahl zu, da keine neuen
Schalen aufgefillt werden.

| 4 | 5 | 6 |

Beispiele:

Periode

25

Berylliumatome haben eine hohere Ionisierungsenergie als Boratome.

2s 2p
20 Be | T abgeschlossene 2s-Unterschale
B |11 1

Ar

=
% 15 Kr Stickstoffatome haben eine hohere Ionisierungsenergie als Sauerstoffatome.
= 2s 2p
s
& 1K IR halbbesetzte 2p-Unterschale
o
c
5 18 i ERE
2
= Pb /Po
o X - I
Bi I E3(n—3)
’ T i —— Bl ——
Gruppe 1 s
Fro Alkalimetalle I
Lichtquant
B ; (Photon)
0 l!tllllll‘llllIIIlII”J;llllllli}llllllll”|IIIIIII E;LEngHS-
1 5 10 15 20 31 35 38 50 5 81 85 88 —D Ey(n=1)
21-30 39-48 57-80 Grund- angeregter
Ordnungszahl — zustand Zustand




1 lonisierungsenergie nimmt zu: 18

1A 0
1 1.01 2 4.00
1s
1 H H
-259 0.09!
253 21 |2A 7B 260 -
3 6.94|4 9.01 o 12.01 14.01 16.00° 19.0@'°C 20.18
[He] 2s [He] 25° Symbol C Hel2s2p | [Hel2s'2p' | [He] gs* 2 | [Hel2s2p' | [Hel2s'2p° M [He] 25 2p°
54323 21 5
2 Ty d Schmelzpunkt [*C]——2140 11.5 Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar) ] 42 !
LI Be Siedepunkt [°C]——5030 * 1.9 |—— Elektronegativitat B C N O F Ne
181 0.53{1277 1.85 X ‘ X (2030) 2.35|(3550) 2.2/-210 1.25/-219 1.43/-220 9 0.9
1330 1.0 [2070 15 Radioaktiv 2550 20 (4830 25196 30 [-183 35 |-188 -
11229912 24.31 13 26.98/14 28.09/1> 30.97/6 32.06/17 3 39.95
[Ne] 3s [Ne] 3s° [Ne] 3s" 3p [Ne] 3s 3p° [Ne] 3s° 3p° [Ne] 3s 3p* [Ne] 3] ]3s* 3p°
3 N M Al Si P S (
0.97|650 1.74 3 6 8 9 0 660 2.70/1410 2.33/44 1.82/119 2.07|-101 1.78
892 09 |1107 1.2 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 1.5 2680 1.8 [280 21 [445 25 |-35 3 -
19 39.10/20 40.08/21 44.96|22 47.88/23 50.94/24 52.00(25 54.94/26 55.85/27 58.93(28 58.70/2° 63.5530 65.38/31 69.7232 725933 749134 789635 79 83.80
[Ar] 45 [Ar] 48 [Ar] 3d 4s [Ar] 3d" 4s° [Ar] 3d’ 4s° [Ar] 3d° 4s [Ar] 3d” 48" [Ar] 3d° 4s [Ar] 3d 4s [Ar] 3d 4s [Ar]3d"” 4s [Ar]3d" 45 | [Ar]3d"” 4s* 4p | [Ar] 3d" 45" 4p” | [Ar] 3d" 45 4p’ | [Ar] 3d 4s 4p* | [Ar] 3d" 45 3d" 45" 4p°
4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se BrK
64 0.86/838 1.55[1539 0|1668 4.54/1900 6.1(1875 7.191245 7.43/1536 7.86(1495 9(1453 91083 8.96/420 7.13|30 5.91/937 5.32|Subl. 5.72|1217 4.79|-7 3.7
760 0.8 |1440 1.0 |2730 1 3 3260 1.5 [3450 1.5/2200 1.6 |2097 1.5 |3000 1.8 2900 1 9 2730 1 9|2595 1.9 |906 1.6 [2237 1.6 |2830 1.8 |- 2.0 |685 2.4 |58 2 -
37 85.47(38 87.62/3° 88.9140 91.22/41 91.22/42 959443 (98.91)44 101.07|45 102.9146 106.42/47 107.87|48 112.4149 114.82/50 118.69(51 121.75/52 127.60 53 126 131.29
[Kr] 5s [Kr] 5¢° [Kr] 4d 55° [Kr] 4d° 55 [Kr] 4d" 5s [Kr] 4d’ 5s [Kr] 4d° 5s [Kr] 4d” 5s [Kr] 4d° 5s [Kr] 4d‘° [Kr] 4d” 5s [Kr]4d” 55° | [Kr] 4d” 5s° 5p | [Kr] 4d” 55" 5p° | [Kr] 44" 55" 5p° | [Kr] 4d" 5s° 5p° | [Kr] 4d" 5 4d"” 5¢° 5p°
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I
1.53|768 6/1509 4.47|1852 6.49(2468 8.57(2610 10.2|12140 11.5/2500 12.4/1966 12.4/1552 12.0/961 10.5/321 8.65/156 7.31232 7.30(631 6.69/450 6.24(114 2 5.89
688 0.8 |1380 1 0 2927 1.2 |3580 1.4 |4927 1.6 |5560 1.8 5030 * 1.9 3900 2.2 3730 2.2 [3140 2.2 |2210 1.9 |765 1.7 |2080 1.7 |2270 1.8 [1380 1.9 (990 2.1 /183 8 -
55 132.91/56 137.33| 71 174.97|72 178.49|73 180.95|74 183.85/7°> 186.21/76 190.20|77 192.22|78 195.08|79 196.97/80 200.59/81 204.38|82 207.20/83 208.98|84 (209) 8 (2 (222)
[Xeles [Xe] 6° [Xe] 4f* 5d 6s°| [Xe] 41" 5¢° 6s" | [Xe] 4" 54 65" [Xe]4f 5d° 65 | [Xe] 4" 5d° 65" | [Xe] 47" 5d° 65" | [Xe] 47" 5d 65 | [Xe] 4f* 5d’ 6s [Xe]4f‘ 50" Bs| [Xe] 4 5d° BsT [e]41*50° 65* 6p | [Xe] 45" B* 6p” | [Xe]4f*5d° 65" 6’ [n—)Jr 50° 65" 6p' | (Xe]4r*5d° 6 4£*50° 65 et
6 C B 3 4 5 654,320 7,6,4.2-1 864320-2 | 643210-1 21 31 42 5, 7,531,
1.90(714 3.76| 1652 9.84/2222 13.31(2996 16.5(3410 19.3/3180 21.0{3050 22.6|2454 22.7|1769 21.4/1063 19.3/-38 13.6/303 11.85|327 11.4{271 9.8(254 3/(302) ) 9.73
690 0.7[1640 0.9 |[3327 1.2 |5400 1.3 [5425 1.5 5930 1.7 5900 1.9 |5500 2.2 4500 2.2 (3830 2.2 |2970 2.4 |357 1.9 1457 18 [1725 1.9 [1560 1.9/962 * 2 0[337 * * 2
87 (223.0)[88 226.03| [103 (262.1) 104 (261.1) 105 (262.1) 106 5263.1 107 $264 .1) 108 $265 1)109  (268)110  (269) 111 (272) 112 (277 14 (289 16 (289 (293
[Rn] 7s [Rn] 78’ [Rn] 5f* 6d 7’| [Rn] 51 6d° 75 | [Rn] 5" 6d" 75 | [Rn] 51" 6d* 75| [Rn] 5" 6d° 75| [Rn] 5" 6d° 75| [Rn] 5 6d’ 75 | [Rn] 5F* 6d° 75| [Rn] 57 6d” 7s
1 2 3
27) - |700 5.0/ |- -|- Sl 1 |z o S =5 e b= S i E = = = E =
677 * 0.7/1140 * 0.9 |- - -|. * -l * -l * - * - * -l * -l * I i * -l * - ~ * - _ * - * -

57 138.91|58 140.12|59 140.9160 144.24/61 (145)/62 150.36/63 151.96/64 157.25/65 158.93/66 162.50|67 164.93|68 167.26/69 168.9370 173.04

[Xe] 5d 6s° [Xe] 4f 65 [Xe] 4f 65 [Xe] 4f' 65 [Xe] 4f 65 [Xe] 4f 65’ [Xe] 4f 65" [Xe] 4f 5d 6s° [Xe] 4f 65 [Xe] 4f° 6s° [Xe] 4f" 65° [Xe] 4 65" [Xe] 4f" 65 [Xe] 4F 6s’
3 43 43 3 3 32 32 3 43 3 3 3 32

6 Lanthanoide | La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

920 6.17(795 6.67|935 6.77|11024  7.00/(1027) 7.22|1072  7.54/828 5261312  7.89|1356  8.27|1407  8.54/1461 8.80(1497  9.05/1545  9.33/824 6.98

3470 1.1 |3468 1.1 13127 1.1 13027 1.2 |2460 * - 1790 1.2 |1439 - 3000 1.1 |2800 1.2 |2600 - 2600 1.2 |2900 1.2 1727 1.2 |1196 13
89 (227)% 232.04/91 231.04/92 238.0393 (237.05)9 (244)[%5 (243)% (247)97 (247)% (251)[99 (254)[100 (257)101 (258)102 (259)
[Rn] 6d 75" [Rn] 6d° 75 [Rn) 5f 6d 7s* | [Rn] 5f 6d 7s° | [Rn] 5f' 6d 75 [Rn] 5 7§ [Rn) 5f 75 [Rn] 51’ Bd 7s* [Rn] 5f 7s [Rn] 5'"” 75 [Rn] 5f" 7§° [Rn] 5 7s* [Rn) 5f° 7s* [Rn] 5 7§°
3 4 54 65473 6,543 6,543 6543 3 3 3 3.2

7 Actinoide Ac Th Pa U Np| Pu Am Cm Bk Cf Es Fm Md NoA

1050 10.1|1750 11.7/(1230  15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51|- -|- -|- -|- -I- -|-
- * 1113850 * 1.3 |- * 1.4 13818 *1.4 |3900 * 1.3 3235 * 1.3 |- * 1.3 {3100 * - - * -|- o -|- * -|- * -|- * -|-
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Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente

® Atomradius Z|Ele- | K L M N Symbol Peri-
o-Radils ment | Is |2s 2p |3s 3p 3d 4s 4p ode
- 1|H | Is' 1
2
®» - 0 1000 pm 2| He [I1 N
L 3| Li [ [He] 2s'
4| Be |[t1] [[T1l [He] 2s?
® . 5| B |t |[r2][r [He] 2s>2p'
6| C Q{ (G [He] 25> 2p 5
.. . 7N [t | [ ]t [He] 25> 2p’
gl o ([t |[t{rift ]t [He] 2s*2p*
. . 9| F  |[TH|[THriit [He] 25> 2p’
. 10| Ne |14 |(THTUTYTY [He] 2s%2p°
11| Na 7] [Ne] 3s'
.. 12| Mg m [Ne] 3s”
13| Al |Neonkonfigura- |[t{|[t [Ne] 3s*3p'
14| Si  [tion [Ne] e [Ne]3s’3p> |3
X X X N NN AN NN NN = i P
16| s [ttt [Ne] 3s? 3p*
17| €l [ttt Ne] 3s*3p’
. . ®oso00000 . * 18] Ar Tt %Ne}3s23gé
19| K 1] [Ar]4s;
. . . 20| Ca 11 [Ar]4s
» Atomradien innerhalb einer Gruppe neh 3| s T o [Ads3d
22| Ti Tt 1l [Ar]4s?3d’
Elektronen neue Schalen (Hauptquantg 23/ | i = et
24*Cr thhh ]l [Ar]4s' 3d°
25| Mn ]| [Ar]4s’3d’
26| Fe Tt ][t ]| [ [Ar] 4s* 3d°
27| Co | Argonkonfiguration [Ar] T (T ] I [Ar]4s*3d’ 4
28| Ni e ]| [ [Ar] 4s*3d®
29*Cu Trefrefrefra]| [t ] [Ar]4s'3d"°
30( Zn tttiftifty]| [t [Ar]4s?3d"
31| Ga tufrafrafrafr]| [t [t [Ar]4s?3d'%4p'
32| Ge tLtifriftiftif] [ty ]t [Ar]4sf3d:‘n’4pf




Atomradien

Fadius

-

® geschatzt

0 1000 pm
o LUnbelkannt

I T—

A A X X RN LK NN N N
P00 ss000000-

» Atomradien innerhalb einer Gruppe nenh
Elektronen neue Schalen (Hauptgquante

» Atomradien nehmen innerhalb einer Pe
der Protonen) zunimmt, jedoch die Elek]
(Hauptquantenzahl n) auffillen. Die Anz

die Atome schrumpfen.

= Technische
II I_If\ﬁkhﬂkl llf\
Tabelle 1.9 Elektronenkonfigurationen der ersten 36 Elemente
Z|Ele- | K L M N Symbol Peri-
ment | Is |2s 2p |3s 3p 3d 4s 4p ode
1|H |[1 1s' 1
2| He |[tl 1
3| Li [l [F] [He] 2s'
4| Be |[t1] [[T1l [He] 2s?
5| B ([t |[rd[r [He] 2s”2p'
6| C [t ([t ]t [He] 25> 2p 5
70N ([t ([ ] ] [He] 2s*2p’
8| 0 ([t ([rl{relr It [He] 2s*2p*
9| F |1y [{TyjTirift [He] 2s>2p°
10| Ne |4 |(THITYTY [He] 2s%2p°
11| Na ] [Ne] 3s'
12| Mg m [Ne] 3s
13| Al |Neonkonfigura- |[t1|[t [Ne] 3s*3p'
14| Si |tion [Ne] |G [Ne]3s’3p> |3
15| P MG [Ne] 3s*3p®
16| S T[ter [t [Ne]3s*3p*
17| Cl T[T T [Ne]3s*3p°
18| Ar [T [Ne] 3s? 3p°
19| K 1] [Ar]4s'
20| Ca m [Ar] 4s’
21| Sc 1 m [Ar]4s?3d'
22| Ti T m [Ar] 4s3d’
23|V Tt 111 [Ar]4s?3d’
24[*Cr tlr el ] [Ar]4s' 3d°
25 Mn AR [Ar]4s?3d°
26| Fe AR [Ar]4s*3d°
27| Co | Argonkonfiguration [Ar]  |[ti[tl[t [t [t ]| [1!] [Ar]4s*3d’ 4
28| Ni trdrft I ]| [l [Ar]4s*3d®
29*Cu tr ety | [t [Ar]4s'3d"
30| Zn Tttt | (1) [Ar]4s’3d"
31| Ga tU Tty [tef{t [Ar]4s?3d'" 4p'
32| Ge Tty f [ty [t 1 [Ar]4s”3d'"4p’




1 Atomradius nimmt zu: 18

1A
1 1.01
1s
1 11
-259 0.09!
-253 21 |2A Xidationszanien E—
3 6.94|4 9.01 T S 10.816 12.017 14.01 16.00/9
[Hel2s [He] 25° Symbol C Hel2s'2p | [Hel2s'2p' | [Hel28'2p’ | [He]25' 2p°
1 2 = ’ . . 3 424 54323 21
2 . Schmelzpunkt [*C]——2140 1.5 Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar)
LI Be Siedepunkt [°C]——5030 * 1.9 |—— Elektronegativitat B C N O
181 0.53{1277 1.85 X ‘ X (2030) 2.35|(3550) 2.2/-210 1.25/-219 1.43/-220
1330 1.0 [2070 15 Radioaktiv 2550 20 (4830 25196 30 [-183 35 |-188
11229912 24.31 13 26.98/14 28.09/15 30.97/'6 32.06|17
[Ne] 3s [Ne] 3s° [Ne] 3s" 3p [Ne] 3s° 3p* [Ne] 3s° 3p° [Ne] 3s 3p*
3 N 2 A3I S' 53P3 6.4,2-2
0.97|650 1.74 3 6 8 9 0 660 2.70/1410 2.33/44 1.82/119 2.07|-101
892 09 |1107 1.2 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 15 2680 1.8 [280 21 [445 25 |-35
19 39.10/20 40.08/21 44.96|22 47.88/23 50.94/24 52.00(25 54.94/26 55.85/27 58.93(28 58.70/2° 63.5530 65.38/31 69.7232 725933 749134 789635 79
[Ar] 45 [Ar] 48 [Ar] 3d 4s [Ar] 3d" 4s° [Ar] 3d’ 4s° [Ar] 3d° 4s [Ar] 3d° 48 [Ar] 3d° 4s [Ar] 3d 4s [Ar] 3d° 45’ [Ar]3d"” 4s [Ar]3d" 45 | [Ar]3d"” 4s* 4p | [Ar] 3d" 45" 4p” | [Ar] 3d" 45 4p’ | [Ar] Sd‘" 4s 4p*
4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se
64 0.86/838 1.55[1539 0|1668 4.54/1900 6.1(1875 7.191245 7.43/1536 7.86(1495 9(1453 91083 8.96/420 7.13|30 5.91/937 5.32|Subl. 5.72|1217 4.79|-7
760 0.8 |1440 1.0 |2730 1 3 3260 1.5 [3450 1.5/2200 1.6 |2097 1.5 |3000 1.8 2900 1,9 2730 1 9|2595 1.9 |906 1.6 [2237 1.6 |2830 1.8 |- 2.0 |685 2.4 |58
37 85.47(38 87.62/3° 88.9140 91.22/41 91.22/42 959443 (98.91)44 101.07|45 102.9146 106.42/47 107.87|48 112.4149 114.82/50 118.69(51 121.75/52 127.60 53 126
[Kr] 5s [Kr] 5¢° [Kr] 4d 55° [Kr] 4d° 55 [Kr] 4d" 5s [Kr] 4d’ 5s [Kr] 4d° 5s [Kr] 4d” 5s [Kr] 4d° 5s [Kr] 4d‘° [Kr] 4d” 5s [Kr]4d° 55° | [Kr] 4d” 5s° 5p | [Kr] 4d” 5s° 5p° | [Kr] 4d‘° 5s 5p’ | [Kr] 4d" 5s° 5p°
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te
1.53|768 6/1509 4.47|1852 6.49(2468 8.57(2610 10.2|12140 11.5/2500 12.4/1966 12.4/1552 12.0/961 10.5/321 8.65/156 7.31232 7.30(631 6.69/450 6.24(114
688 0.8 |1380 1,0 2927 1.2 |3580 1.4 |4927 1.6 |5560 1.8 5030 * 1.9 3900 2.2 3730 2.2 [3140 2.2 |2210 1.9 |765 1.7 |2080 1.7 |2270 1.8 [1380 1.9 (990 2.1 /183
55 132.91/56 137.33| 71 174.97|72 178.49|73 180.95|74 183.85/7°> 186.21/76 190.20|77 192.22|78 195.08|79 196.97/80 200.59/81 204.38|82 207.20/83 208.98|84 (209) 8 (2
[Xeles [Xe] 6° [Xe] 4f* 5d 6s°| [Xe] 41" 5¢° 6s" | [Xe] 4" 54 65" [Xe]4f 5d° 65 | [Xe] 4" 5d° 65" | [Xe] 47" 5d° 65" | [Xe] 47" 5d 65 | [Xe] 4f* 5d’ 6s | [Xe] 47 50" 65| [Xe] 47 5d° 657 [Xe]4(*50" 6s° 6p | [Xe] 415" Bs* 67 | [Xe]4f*5d° 65 6’ p—;u'n B5* 67’ | [Xe]4F*50° 6
6 C B 3 4 5 654,320 7642-1 | 864320-2 | 643210-1 31 21 31 42 53 7,531,
1.90(714 3.76| 1652 9.84/2222 13.31(2996 16.5(3410 19.3/3180 21.0{3050 22.6|2454 22.7|1769 21.4/1063 19.3/-38 13.6/303 11.85|327 11.4{271 9.8(254 3/(302)
690 0.7[1640 0.9 |[3327 1.2 |5400 1.3 [5425 1.5 5930 1.7 5900 1.9 |5500 2.2 4500 2.2 (3830 2.2 |2970 2.4 |357 1.9 1457 18 [1725 1.9 [1560 1.9/962 * 2 0[337 *
87 (223.0)[88 226.03| [103 (262.1) 104 (261.1) 105 (262.1) 106 5263.1 107 $264 .1) 108 $265 1)109  (268)110  (269) 111 (272) 112 (277 14 (289 16 (289
[Rn] 7s [Rn] 78’ [Rn] 5f* 6d 7’| [Rn] 51 6d° 75 | [Rn] 5" 6d" 75 | [Rn] 51" 6d* 75| [Rn] 5" 6d° 75| [Rn] 5" 6d° 75| [Rn] 5 6d’ 75 | [Rn] 5F* 6d° 75| [Rn] 57 6d” 7s
1 2 3
27) - |700 5.0/ |- -|- Sl = |z o S =5 e b= S i E = = =
677 * 0.7/1140 * 0.9 |- * -l * -l * - * -l * - * - * -l * I i * -l * - ~ * - _ * -

57 138.91|58 140.12|59 140.9160 144.24/61 (145)/62 150.36/63 151.96/64 157.25/65 158.93/66 162.50|67 164.93|68 167.26/69 168.9370 173.04

[Xe] 5d 6s° [Xe] 4f 65° [Xe] 4f 65° [Xe] 4f° 65" [Xe] 4f Bs° [Xe] 4f 65 [Xe] 4f 65" | [Xe] 4f 5d 6s* | [Xe] 4f 65 [Xe] 4f° Bs° [Xe] 4" 6s° [Xe] 4f° 65" [Xe] 4f° 65" [Xe] 4F“ 6s’
3 43 43 3 3 32 32 3 43 3 3 3 32

6 Lanthanoide | La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

920 6.17(795 6.67|935 6.77|11024  7.00/(1027) 7.22|1072  7.54/828 5261312  7.89|1356  8.27|1407  8.54/1461 8.80(1497  9.05/1545  9.33/824 6.98

3470 1.1 |3468 1.1 13127 1.1 13027 1.2 |2460 * - 1790 1.2 |1439 - 3000 1.1 |2800 1.2 |2600 - 2600 1.2 |2900 1.2 1727 1.2 |1196 13
89 (227)% 232.04/91 231.04/92 238.0393 (237.05)9 (244)[%5 (243)% (247)97 (247)% (251)[99 (254)[100 (257)101 (258)102 (259)
[Rn] 6d 75" [Rn] 6d° 75 [Rn) 5f 6d 7s* | [Rn] 5f 6d 7s° | [Rn] 5f' 6d 75 [Rn] 5 7§ [Rn) 5f 75 [Rn] 51’ Bd 7s* [Rn] 5f 7s [Rn] 5'"” 75 [Rn] 5f" 7§° [Rn] 5 7s* [Rn) 5f° 7s* [Rn] 5 7§°
3 4 54 65473 6,543 6,543 6543 3 3 3 3.2

7 Actinoide | Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No

1050 10.111750 11.7/(1230  15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51|- -|- -|- e = = = <
- * 1113850 * 1.3 |- * 1.4 13818 *1.4 |3900 * 1.3 3235 * 1.3 |- * 1.3 {3100 * - - * -|- o -|- * -|- * -|- * -|- * -
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Georg Agricola

» lonenradien innerhalb einer Gruppe nehmen zu, da die hinzukommenden
Elektronen neue Schalen (Hauptquantenzahl n) auffillen.

» Kationen sind kleiner als die zugrundeliegenden Atome, denn die Kernladung
konzentriert sich auf eine geringere Elektronenzahl.

» Anionen sind grofer als die zugehorigen Atome. Gleiche Kernladung steht in
Wechselwirkung mit einer grof3eren Zahl von sich gegenseitig abstol3enden
Elektronen.



1 lonenradius nimmt zu: 18

1A
1 1.01
1s
1 11
-259 0.09!
-253 21 |2A Xidationszanien E—
3 6.94|4 9.01 T S 10.816 12.017 14.01 16.00/9
[Hel2s [He] 25° Symbol C Hel2s'2p | [Hel2s'2p' | [Hel28'2p’ | [He]25' 2p°
1 2 = ’ . . 3 424 54323 21
2 . Schmelzpunkt [*C]——2140 1.5 Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar)
LI Be Siedepunkt [°C]——5030 * 1.9 |—— Elektronegativitat B C N O
181 0.53{1277 1.85 X ‘ X (2030) 2.35|(3550) 2.2/-210 1.25/-219 1.43/-220
1330 1.0 [2070 15 Radioaktiv 2550 20 (4830 25196 30 [-183 35 |-188
11229912 24.31 13 26.98/14 28.09/15 30.97/'6 32.06|17
[Ne] 3s [Ne] 3s° [Ne] 3s" 3p [Ne] 3s° 3p* [Ne] 3s° 3p° [Ne] 3s 3p*
3 N 2 A3I S' 53P3 6.4,2-2
0.97|650 1.74 3 6 8 9 0 660 2.70/1410 2.33/44 1.82/119 2.07|-101
892 09 |1107 1.2 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 15 2680 1.8 [280 21 [445 25 |-35
19 39.10/20 40.08/21 44.96|22 47.88/23 50.94/24 52.00(25 54.94/26 55.85/27 58.93(28 58.70/2° 63.5530 65.38/31 69.7232 725933 749134 789635 79
[Ar] 45 [Ar] 48 [Ar] 3d 4s [Ar] 3d" 4s° [Ar] 3d’ 4s° [Ar] 3d° 4s [Ar] 3d° 48 [Ar] 3d° 4s [Ar] 3d 4s [Ar] 3d° 45’ [Ar]3d"” 4s [Ar]3d" 45 | [Ar]3d"” 4s* 4p | [Ar] 3d" 45" 4p” | [Ar] 3d" 45 4p’ | [Ar] Sd‘" 4s 4p*
4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se
64 0.86/838 1.55[1539 0|1668 4.54/1900 6.1(1875 7.191245 7.43/1536 7.86(1495 9(1453 91083 8.96/420 7.13|30 5.91/937 5.32|Subl. 5.72|1217 4.79|-7
760 0.8 |1440 1.0 |2730 1 3 3260 1.5 [3450 1.5/2200 1.6 |2097 1.5 |3000 1.8 2900 1,9 2730 1 9|2595 1.9 |906 1.6 [2237 1.6 |2830 1.8 |- 2.0 |685 2.4 |58
37 85.47(38 87.62/3° 88.9140 91.22/41 91.22/42 959443 (98.91)44 101.07|45 102.9146 106.42/47 107.87|48 112.4149 114.82/50 118.69(51 121.75/52 127.60 53 126
[Kr] 5s [Kr] 5¢° [Kr] 4d 55° [Kr] 4d° 55 [Kr] 4d" 5s [Kr] 4d’ 5s [Kr] 4d° 5s [Kr] 4d” 5s [Kr] 4d° 5s [Kr] 4d‘° [Kr] 4d” 5s [Kr]4d° 55° | [Kr] 4d” 5s° 5p | [Kr] 4d” 5s° 5p° | [Kr] 4d‘° 5s 5p’ | [Kr] 4d" 5s° 5p°
5 Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te
1.53|768 6/1509 4.47|1852 6.49(2468 8.57(2610 10.2|12140 11.5/2500 12.4/1966 12.4/1552 12.0/961 10.5/321 8.65/156 7.31232 7.30(631 6.69/450 6.24(114
688 0.8 |1380 1,0 2927 1.2 |3580 1.4 |4927 1.6 |5560 1.8 5030 * 1.9 3900 2.2 3730 2.2 [3140 2.2 |2210 1.9 |765 1.7 |2080 1.7 |2270 1.8 [1380 1.9 (990 2.1 /183
55 132.91/56 137.33| 71 174.97|72 178.49|73 180.95|74 183.85/7°> 186.21/76 190.20|77 192.22|78 195.08|79 196.97/80 200.59/81 204.38|82 207.20/83 208.98|84 (209) 8 (2
[Xeles [Xe] 6° [Xe] 4f* 5d 6s°| [Xe] 41" 5¢° 6s" | [Xe] 4" 54 65" [Xe]4f 5d° 65 | [Xe] 4" 5d° 65" | [Xe] 47" 5d° 65" | [Xe] 47" 5d 65 | [Xe] 4f* 5d’ 6s | [Xe] 47 50" 65| [Xe] 47 5d° 657 [Xe]4(*50" 6s° 6p | [Xe] 415" Bs* 67 | [Xe]4f*5d° 65 6’ p—;u'n B5* 67’ | [Xe]4F*50° 6
6 C B 3 4 5 654,320 7642-1 | 864320-2 | 643210-1 31 21 31 42 53 7,531,
1.90(714 3.76| 1652 9.84/2222 13.31(2996 16.5(3410 19.3/3180 21.0{3050 22.6|2454 22.7|1769 21.4/1063 19.3/-38 13.6/303 11.85|327 11.4{271 9.8(254 3/(302)
690 0.7[1640 0.9 |[3327 1.2 |5400 1.3 [5425 1.5 5930 1.7 5900 1.9 |5500 2.2 4500 2.2 (3830 2.2 |2970 2.4 |357 1.9 1457 18 [1725 1.9 [1560 1.9/962 * 2 0[337 *
87 (223.0)[88 226.03| [103 (262.1) 104 (261.1) 105 (262.1) 106 5263.1 107 $264 .1) 108 $265 1)109  (268)110  (269) 111 (272) 112 (277 14 (289 16 (289
[Rn] 7s [Rn] 78’ [Rn] 5f* 6d 7’| [Rn] 51 6d° 75 | [Rn] 5" 6d" 75 | [Rn] 51" 6d* 75| [Rn] 5" 6d° 75| [Rn] 5" 6d° 75| [Rn] 5 6d’ 75 | [Rn] 5F* 6d° 75| [Rn] 57 6d” 7s
1 2 3
27) - |700 5.0/ |- -|- Sl = |z o S =5 e b= S i E = = =
677 * 0.7/1140 * 0.9 |- * -l * -l * - * -l * - * - * -l * I i * -l * - ~ * - _ * -

57 138.91|58 140.12|59 140.9160 144.24/61 (145)/62 150.36/63 151.96/64 157.25/65 158.93/66 162.50|67 164.93|68 167.26/69 168.9370 173.04

[Xe] 5d 6s° [Xe] 4f 65° [Xe] 4f 65° [Xe] 4f° 65" [Xe] 4f Bs° [Xe] 4f 65 [Xe] 4f 65" | [Xe] 4f 5d 6s* | [Xe] 4f 65 [Xe] 4f° Bs° [Xe] 4" 6s° [Xe] 4f° 65" [Xe] 4f° 65" [Xe] 4F“ 6s’
3 43 43 3 3 32 32 3 43 3 3 3 32

6 Lanthanoide | La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

920 6.17(795 6.67|935 6.77|11024  7.00/(1027) 7.22|1072  7.54/828 5261312  7.89|1356  8.27|1407  8.54/1461 8.80(1497  9.05/1545  9.33/824 6.98

3470 1.1 |3468 1.1 13127 1.1 13027 1.2 |2460 * - 1790 1.2 |1439 - 3000 1.1 |2800 1.2 |2600 - 2600 1.2 |2900 1.2 1727 1.2 |1196 13
89 (227)% 232.04/91 231.04/92 238.0393 (237.05)9 (244)[%5 (243)% (247)97 (247)% (251)[99 (254)[100 (257)101 (258)102 (259)
[Rn] 6d 75" [Rn] 6d° 75 [Rn) 5f 6d 7s* | [Rn] 5f 6d 7s° | [Rn] 5f' 6d 75 [Rn] 5 7§ [Rn) 5f 75 [Rn] 51’ Bd 7s* [Rn] 5f 7s [Rn] 5'"” 75 [Rn] 5f" 7§° [Rn] 5 7s* [Rn) 5f° 7s* [Rn] 5 7§°
3 4 54 65473 6,543 6,543 6543 3 3 3 3.2

7 Actinoide | Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No

1050 10.111750 11.7/(1230  15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51|- -|- -|- e = = = <
- * 1113850 * 1.3 |- * 1.4 13818 *1.4 |3900 * 1.3 3235 * 1.3 |- * 1.3 {3100 * - - * -|- o -|- * -|- * -|- * -|- * -

© 2000 ChemGlobe (http://chemalobe tsx.ora)



Ignisierungsenergie nimmt zu:

1A
1 1.01
1s
1 1-1
259H 2 Atomzahl ( ) ommasse (gewichtetes
i 0.09 ElektronenKonfigurati Y
253 21 |2A ektronenKonfiguration [Kr] ;d’ 5s Oiiitionaiiiion 3B 4B 5B 6B
3 6.94|4 9.01 T S 10.81)6 12.017 14.018 16.0
[He] 25 [He] 2¢° Symbol (@ Hel2s'2p | [Hel2s'2p' | [Hel28'2p’ | [He]2s' 2p°
1 2 3 ) . . 3 424 54,323 21
2 . Schmelzpunkt [°C]——2140 1.5 Dichte [g/cm], fur Gase [g/l] (0°C,1013mbar)
LI Be Siedepunkt [*C]——5030 * 1.9 Elektronegativitat B C N O
181 0.53({1277 1.85 : ‘ : (2030) 2.35|(3550) 2.2|-210 1.25|-219 1.43}-
1330 1.0 [2970 1.5 Radioaktiv 2550 20 (4830 25196 30 [-183 35 |-
1229912 2431 13 26.98/14 28.09(15 30.97|16 32.06
[Ne] 3s [Ne] 3s° [Ne] 35 3p [Ne] 3s 3p° [Ne] 3s° 3p° [Ne] 3s 3p*
3 Na M Al Si P S
0.97|650 1.74 3 6 8 9 0 660 2.70/1410 2.33|44 1.82/119 2.07|-
892 09 |1107 1.2 | 3A 4A 5A 6A 7A 8 8 8 1B 2B 2450 15 (2680 1.8 [280 21 (445 25 |-
19 39.10/20 40.08/21 44.96|22 47.88|22 50.94/24 52.00(25 54.94/26 558527 5893(28 58.7029 63.5530 65.38/31 69.72|32 7259|323 749134 78.96
[Ar] 45 [Ar] 48 [Ar] 3d 4s [Ar] 3d" 4s° [Ar] 3d’ 4s° [Ar] 3d° 4s [Ar] 3d” 48" [Ar] 3d° 45 [Ar] 3d 4s [Ar] 3d 4s [Ar] 3d"” 4s [Ar]3d“ 45" | [Ar] 3d" 45’ 4p | [Ar] 3d" 45" 4p” | [Ar] 3d 4s 4p’ | [Ar] 3d 4s 4p*
4 K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se
64 0.86/838 1.55[1539 0|1668 4.54/1900 6.1(1875 7.191245 7.43/1536 7.86(1495 91453 91083 8.96/420 7.13|30 5.91/937 5.32|Subl. 5.72|1217 4.79|-7 3.12}-157 37
760 0.8 |1440 1.0 |2730 1 3 3260 1.5 [3450 1.5/2200 1.6 |2097 1.5 |3000 1.8 2900 ‘l 9 2730 1 9|2595 1.9 |906 1.6 [2237 1.6 |2830 1.8 |- 2.0 |685 2.4 |58 2.8 |-152
37 85.47(38 87.62/3° 88.9140 91.22(41 91.22/42 959443 (98.91)44 101.07|45 102.9146 106.42/47 107.87|48 112.414°9 114.82/50 118.69(51 121.75/52 127.60/53 126.90(54 131.29
[Kr] 55 [Kr] 58° [Kr] 4d 5s° [Kr] 4d° 55° [Kr] 4d" 55 [Kr] 4d° 55 [Kr] 4d° 55 [Kr] 4d’ 5 [Kr] 4d° 5 [Kr] 4d" [Kr] 4d” 5s [Kr]4d” 55° | [Kr]4d” 55° 5p | [Kr] 4d” 5s° Sp [Kr] 4d" 55° 5p’ | [Kr] 4d" 5s° 5p* | [Kr] 44" 5s° 5p° | [Kr] 4d" 5s° 5p°
5 Sr Y, Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te 1 X
3 .6 18 ! 2. 120|961 10.5/321 8.65/156 7.31232 7.30(631 6.69/450 6.24(114 4.94/-112 5.89
BE am qVO md&‘) ma ' s *n?e me .21 w.2 2210 1.9 |765 1.7 |2080 1.7 |2270 1.8 [1380 1.9 |990 2.1 [183 25 |-108 -
55 132.91|56 137.33|71 174.97|72 178.49|73 180.95|74 183.85/7> 186.21|76 190.20(77 192.22|78 195.08/79 196.97(80 200.59|81 204.38|82 207.20(83 208.98|84 (209) 85 (210) 86 (222)
[Xe] 6s [Xe] 6 [Xe] 4f“ 5d 657 | [Xe] 4f* 5d° 65" | [Xe] 4f° 5d° 6s” | [Xe] 4 5d° 65 | [Xe] 4" 5d° 65" | [Xe] 41" 5d° 65" | [Xe] 47" 5d’ 65 | [Xe] 4 5d° 6s | [Xe] 47 5d" 65| [Xe] 41" 5d" 657 [xe)41"5d" 65" 6p | [Xe] 4r*5d" 67 6p® | [Xe] 415" 6s* 6p” | [Xe]41*50° 6% 6p' | [Xe] 4754 6 6p’ | [Xe]4f* 54" 66 Bp
6 C1 B L3 4 5 654320 ﬁﬁ.z% 8,82,0.-2 6432101 ﬁo A3.1 l_i,1 31 P42b 53 ﬁﬁ,i’ 7A3.1,-1
29 1.90(714 3.76! 3/(302)
690 0.7[1640 0.9 O]387" *
87 (223.0)88 226.03
[Rn] 7s [Rn] 78" [Rn] 5r 6 7 | [Rn] 5" 6d* 75° “6d* 7s”| [Rn] 51" 6d° 7s* | [Rn] 51" 6d° 7s° | [Rn] 5" 6d’ 7&° | [Rn] 5f“ 6d° 7s | [Rn] 51 6d" 7s
1 2
- |700 5.0/ |- -l = _ < o = IS = = = 5 = = =
677 * 07|1140 * 0.9||- & -|- * =l * == * ol * d * )iz * 25 * -l * e * d . * e " * o

57 138.91|58 140.12|59 140.9160 144.24/61 (145)/62 150.36/63 151.96/64 157.25/65 158.93|66 162.50|67 164.93|68 167.26/59 168.93/70 173.04

[Xe] 5d 6s° [Xe] 4f 65 [Xe] 4f 65" [Xe] 4f* 65" [Xe] 4f 6s° [Xe] 4f 65’ [Xe] 4f 65" | [Xe] 4f 5d 6s [Xe] 4f 65" [Xe] 4f° 6s° [Xe] 4f" 65° [Xe] 4 65" [Xe] 41" 65" [Xe] 4F 6s’
3 43 43 3 3 32 32 3 43 3 3 3 32

6 Lanthanoide| La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb

920 6.17(795 6.67|935 6.77|11024  7.00|{(1027) 7.22|1072  7.54/828 5261312  7.89|1356  8.271407  8.54/1461 8.80(1497 9.05(1545  9.33/824 6.98
3470 1.1 3468 1.1 |3127 1.1 |3027 1.2 [2460 * - 1790 1.2 1439 - (3000 1.1 |2800 1.2 |2600 - 2600 1.2 [2900 1.2 1727 1.2 |1196 11

89 (227)/% 232.04/91 231.04(92 238.03(%3 (237.05)9 (244)% (243)[% (247)97 (247)9 (251)[%9 (254)100 (257) 101 (258)[102 (250)
[Rn] 6d 7s° [Rn] 6d° 75 [Rn) 5f 6d 7s° | [Rn] 5f 6d 7s° | [Rn] 5 6d 75 [Rn] 5 7§ [Rn) 5f 7s° [Rn] 51’ Gd 7s* [Rn] 5f 7s° [Rn] 5'" 75 [Rn] 5f" 7§° [Rn] 5% 7s* [Rn] 5f° 7s* [Rn] 5f 75
3 4 54 6543 6,543 6,543 6543 3 3 3

7 Actinoide Ac Th Pa U Np| Pu Am Cm Bk Cf Es Fm__Md__ NoA

1050 10.1|1750 11.7/(1230 15.4/1132 19.07|637 19.5/640 19.81/994 13.7/(1340) 13.51- -|- -|- -|-
- * 1113850 * 1.3 |- * 1.4 13818 *1.4 |3900 * 1.3 3235 * 1.3 |- * 1.3 {3100 * - - i -|- 2 -|- * -|- *
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Hochschule
Georg Agricola

Reaktionsgleichungen/
Stochiometrie @



Reaktionsgleichungen/
Stochiometrie Technische

Hochschule
Georg Agricola

Gesetz von der Erhaltung der Masse (1785)

Bei allen chemischen Vorgangen bleibt die
Gesamtmasse der an der Reaktion beteiligten
Stoffe konstant.

. C+0— CO

Antoine Lavoisier
(1743 -1794) C+20 — CO,



Reaktionsgleichungen/
Stochiometrie Technische

Hochschule
Georg Agricola

Gesetz der konstanten Proportionen (1799)

Eine chemische Verbindung bildet sich
Immer aus konstanten Massenverhaltnissen
der Elemente.

C+0—CO

Joseph Proust
(1754 - 1826)

1g C verbindet sich immer mit 1.333g O zu CO



Reaktionsgleichungen/
Stochiometrie Technische

Hochschule
Georg Agricola

Gesetz der multiplen Proportionen (1803)

Bilden zwei Elemente mehrer Verbindungen,
dann stehen die Massen der Element
zueinander im Verhaltnis kleiner ganzer
Zahlen.

John Dalton
(1766 - 1844) C+0—CO

1g C verbindet sich mit 1x 1.333g O zu CO

C+20 — CO,
1g C verbindet sich mit 2x 1.333g O zu CO,



Sl - Einheiten

Technische
Hochschule
Georg Agricola

Das SI-System (Systeme international d’unités) ist das am weitesten verbreitete
Einheitensystem flr physikalische Grél3en (seit 1960).

Sl-Basiseinheiten Abgeleitete SI-Einheiten

Lange | [m] Frequenz Hz [sY]

Masse m [kg] Kraft N [J/m = kgm/s?]

Zeit t[s] Druck Pa [N/m? = kg/(s*m)]

Temperatur T [K] Energie J [Nm = Ws = m?kg/s?]
(0 K=-273,16 °C) Leistung W [J/s = VA = m?kg/s3]

Stoffmenge n [mol] Spannung V [W/A = m2kg/s3A]

Stromstarke | [A] Ladung C [As]

Lichtstarke l, [cd] Kapazitat F [CIV]

Widerstand Q [V/IA]



Stoffmenge

Technische
Hochschule
Georg Agricola

Da es bei chemischen Vorgangen wichtig ist zu wissen, wie viele Teilchen
miteinander reagieren, die Masse einzelner Teilchen aber aul3erst klein ist, muss
man als Bezugsmenge immer eine grél3ere Anzahl Teilchen zusammenfassen.

Als Bezugsmenge wahlt man nun so viele Teilchen, wie in 12 g des
Kohlenstoffisotops %, C enthalten sind.

1 u entspricht 1/12 der Masse von ?,C = 1.661 x 102" kg = 1.661 x 10?4 g

12 u entsprechen der Masse eines Kohlenstoffisotops = 19.92 x 10% g
mit 6 Protonen, 6 Neutronen und 6 Elektronen

Elektron e 0.911 x 103° kg =5.486 x 10-4 u

Proton p* 1.673x 102" kg =1.007 u 12 C — 12 u
6

Neutron n 1.675x 1027 kg =1.009 u



Stoffmenge

Technische
Hochschule
Georg Agricola

Da es bei chemischen Vorgangen wichtig ist zu wissen, wie viele Teilchen
miteinander reagieren, die Masse einzelner Teilchen aber aul3erst klein ist, muss
man als Bezugsmenge immer eine grél3ere Anzahl Teilchen zusammenfassen.

Als Bezugsmenge wahlt man nun so viele Teilchen, wie in 12 g des
Kohlenstoffisotops %, C enthalten sind.

1 u entspricht 1/12 der Masse von ?,C = 1.661 x 102" kg = 1.661 x 10?4 g

12 u entsprechen der Masse eines Kohlenstoffisotops = 19.92 x 10% g
mit 6 Protonen, 6 Neutronen und 6 Elektronen

12 g/19.92 X 1024 g = 6.022 x 1023 Teilchen (Atome)

2C=12u



Reaktionsgleichungen/
Stochiometrie

Die Stoffmenge, die aus 6.022 - 1022 Teilchen
besteht, nennt man 1 Mol (Einheit: mol), gleich
welcher Art und Grdf3e diese Teilchen (Atome)
sind.

Avogardo - Konstante
N, = 6.022 - 1022 mol* (Avogardo-Konstante)
1 mol eines Stoffes enthalt 6,022 - 1023 Atome.

Die Beziehung zwischen der Stoffmenge, der Masse
und der molaren Masse eines Stoffes ist gegeben
durch:

n(x) = m(x)/M(x)

n(x) = Stoffmenge in mol
m(x) = Masse in g
M(X) = molare Masse in g/mol

Technische
Hochschule
Georg Agricola

Amedeo Avogardo
(1776 - 1856)



Reaktionsgleichungen/
Stochiometrie Technische

Hochschule
Georg Agricola

Die Beziehung zwischen der Stoffmenge, der Masse und der molaren Masse
eines Stoffes ist gegeben durch:
n(x) = m(x)/M(x)

n(x) = Stoffmenge in mol m(x) = Masseing M(x) = molare Masse in g/mol

M(H) = 1.008 g/mol
M(O) = 15.999 g/mol

M(H,0) = [2 x M(H) + M(O)] = 18.015 g/mol



Reaktionsgleichungen/
Stochiometrie Technische

Hochschule
Georg Agricola

Aufgaben:
1. Berechnen Sie die molare Masse der Verbindung Na,SO,.

2. Welcher Stoffmenge entsprechen jeweils 100 g der Verbindungen H, und
H,SO, und wie viele Molektle sind jeweils darin enthalten?

Bendtigt werden PSE, Rechner und
N, =6.022 - 1073 mol*

n(x) = m(x)/M(x)

mit:

n(x) = Stoffmenge in mol

m(x) = Masse in g

M(X) = molare Masse in g/mol
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39 88.91
s

Y

1509  4.47
2027 1.2

3580

SORNO1 22
6y e

Zl

1852  6.49/2
1.4

ANg1.22

[Kr]4d"5s

Nb

8.57
4927 16

42 9594
[Kr] 4 55
654320

Mo

2610 10.2
5560 1.8

43 (98.91
[Kr] 47& 5s

Tc

2140 11.5
5030 * 1.9

44 101.07
[Kr] 4d’ 55
8643202

Ru

2500 124
3900 22

45 102.91
[Kr] 4" 55
54,3120

1966 124
3730 22

46 106.42
[Kr] 4d”
420

Pd

1552 120
3140 22

47 107.87
K] 44" 55
24

961 10.5
2210 1.9

48 112.41
(xrug" 55°

Cd

321 8.65
765 1.7

39194
e

Cs

29 1.90
690 0.7

%6 137.33
[Xe] 65"

B
714 3.76
1640 09

71 174.97
[Xe]4f; 54 65°

Lu

1652 9.84
8327 12

2222
5400

72 178.49
[Xe] 4'; 5d° 65

Hf

13.31
1.3

73 180.95
[Xe] 4";5d‘0€

Ta

2996  16.5
5425 1.5

74 183.85
[Xe] 4f" 5d° 65"
654320

3410 193

75 186.21
[Xe] 47" 5¢° 65°
76421

Re

3180 21 0
5900

76 190.20
[Xe] 47" 5¢° 65°
864320-2

Os

3050 226

77 192.22
[Xe] 47" 50’ 65"
6432101

Ir

2454 22 7
4500

78 195.08
[Xe] 4" 5d° 65
42,0

Bt

1769  21.4
3830 22

79 196.97
hif

Au

1063  19.3
2970 24

80 200.59

[Xe] 4" 5d"°
21

Hg

-38 13.6
357 19

87 (223.0)
[Rn1) 7s

Fr

88 226.03
[Rn; 75

Ra

103 (262.1
IRn]5f; 6d 7:

Lr

104 (2611
[Rn] 5f* 6d" 75"

Rf

700

50 |-

105 (262.1) 1
[Rn] 5 6d" 75°

Db

[Rn] 5$'

107
[Rn]

Bh_

108
[Rn]

Hs

[Rn] 5f* n)

Mt

268)110 (269
[Rn] 5*

Uun

75| [Rn] 5

1 272

* 7s.

Uuu_

SO

@7
677

1140 * 0.9

* -l

*

2 @277

Uub_

6 Lanthanoide !

7

Actinoide

4B

14

15

5B

16

6B

17

7B

[Xe] 5d 6s°
3

La

920
3470

57 138.91

6.17
Al

[Xe] 4f 65
43

Ce

795 6.
3468 1

58 140.12

&

59 140.91
[Xe] 4f 65"
43

Pr

935 6.77
3127 11

67

1024
3027

60 144.24

[Xe] 4f' 65°
3

Nd

7.00
1.2

61 (145)

[Xe] 4f 65
3

Pm

(1027) 7.22
2460 * -

62 150.36
[Xe] 4f 65
32

Sm

1072 7.54
1790 1.2

[Xe] 4f 6s°
32

Eu

828
1439

63 151.96

5.26

[Xe] 4f 5d 6s°
3

Gd

1312

3000 1.1

647157.25

7.89

1356 8.
2800 1.

65 158.93

[Xe] 4f 65"
43

66 162.50
[Xe] 4f° 6s°
3

Dy

271407  8.54

2

67 164.93

[Xe] 4f" 65"
3

Ho

1461 8.80
2600 1.2

68 167.26

[Xe] 4f“ 65
3

=

1497  9.05
2000 1.2

69 168.93

[Xe] 4f‘ 65

Tm

1545  9.33
1727 1.2

70 173.04

[Xe] 4F 6s’

Yb

824 6.98
1196 1.1

[Rn] 6d 75°
3

Ac

1050

2 4l

8 (227)

10.1
gl

Th

1750
3850 * 1

90 232.04

[Rn] 64" 75°
4

11.7
3 -

o1 231.04
[Rn) 5f 6d 75"
54

Pa

(1230 154
* 14

1"

92 238.03

[Rn] 5F 6d 75°

6543

32

19.07]
3818 *1.4

93 (237.05
[Rn] 51 6d 75"
6,543

637 19.5
3900 * 1.3

9 (244)
[Rn) 5 7§
6543

Pu

640 19.81
3235 * 1.3

95

[Rn] 5f 7s°
6543

Am

994 13.

(243)

S

96
[Rn] 5( Bd 78

Cm

7
3100

(247)

(1340) 13.51-

97
[Rn] Sf 7s°

(247)

Bk |

98

2600 -
(251)
[Rn] SF 7s°

Cf |

9% (254)

[Rn] 51" 78°
3

*

Es |

100 (257)

[Rn] 5f* 7s°
3

*

Fm__

101 (258)

[Rn] 5f° 7s*
3

Md

102 (259)
[Rn] Sf 7s°

No_

© 2000 ChemGlobe (http://chemalobe tsx.ora)

18



Reaktionsgleichungen/
Stochiometrie Technische

Hochschule
Georg Agricola

Prozentuale Zusammensetzung von Verbindungen/Molektlen

Der prozentuale Massenanteil der Elemente in einer Verbindung kann aus der
chemischen Formel berechnet werden.

Die Indexzahlen in der Formel geben die Anzahl der Mole jedes Elementes in
einem Mol der Verbindung an. Zusammen mit den molaren Massen der Elemente
kann man so die entsprechende Masse in Gramm berechnen.

Daraus ergibt sich dann fir den Massenanteil w(x) des jeweiligen Elementes x:

w(x) = m(x) / m(Molekdl) = [n(x) x M(X)] / [Z n(X) x M (X)]
Beispiel: Wie viel % Eisen enthalt das Eisenerz Fe,0;7?
m(Fe) = 2 mol x M(Fe) = 2 mol x 55.85 g/mol =111.7 g
m(Fe,03) = 2 mol x M(Fe) + 3 mol x M(O)
=2 mol x 55.85 g/mol + 3 mol x 15.999 g/mol = 159.70 g

w(Fe) = m(Fe)/ m(Fe,O;) = 111.7 g/ 159.7 g = 0.699
Das Eisenerz Fe,O; enthalt 69.9 % Eisen.
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1. Wie viel % Kupfer enthélt das Kupfererz Cu,S.

2. Die Analyse eines Eisenerzes ergibt einen Eisengehalt von 77,73 % und als
weiteres Element Sauerstoff. Wie lautet die Formel dieser Verbindung?

3. Bestimmen Sie die Summenformel einer Verbindung, die 43,6 % Phosphor
und 56,4 % Sauerstoff enthalt? Die experimentell bestimmte molare Masse
der Verbindung betragt 284 g/mol.

Bendtigt werden PSE, Rechner und
n(x) = m(x)/M(x)
w(X) = m(x) / m(Molekul) = [n(x) x M(x)] / [ n(X) x M (X)]

mit:

n(x) = Stoffmenge in mol

m(X) = Masse in g

M(X) = molare Masse in g/mol
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The End

... IS to be continued



