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(Aus Charles E. Mortimer, Chemie, Thieme Verlag, 6. Auflage)
Naturkonstanten
Konstante Symbol  Zahlenwert
Avogadro-Zahl Ny 6,02214 - 10> mol '
Bohr-Radius ay 529177 -10" " m
Elektron, Ruhemasse 9,10939-107%¢g
5,485799 - 10 *u
Elementarladung e 1602177 -10 1 C
Faraday-Konstante F=Nsy-e 964853-10" C- mol™’
Ideale Gaskonstante R 8,31451 - mol 'K ™!
8,31451 kPa - L - mol 'K
Lichtgeschwindigkeit ¢ 2,99792458 - 108 m . s
Molares Volumen eines
idealen Gases Vi 22,4141 L - mol ™’
Neutron, Ruhemasse 1,67493. 107 ¢
1,00866501 u
Planck-Konstante h 6,626076 - 107 -5
Proton, Ruhemasse 1,67262-10 % ¢
1,00727647 u
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Saure-Base-Reaktionen

Saure-Base-Begriffe

Arrhenius-Saure: Dbildet in Wasser H*-lonen
Arrhenius-Base: bildet in Wasser OH-lonen

Bronsted-Saure: Protonen-Donator

Bronsted-Base: Protonen-Akzeptor
Lewis-Saure: Elektronenpaar-Akzeptor
Lewis-Base: Elektronenpaar-Donator

lonenprodukt des Wassers

K, =c(H")-c(OH ) =10-10"mol*/I?

pH-Wert von schwachen und mittelstarken Sduren

Naherungsformel fur schwache Sauren (pKs = 3.5):
1
PH ~ 2 (K ~log(¢,))

Naherungsformel fur mittelstarke Sauren (-0.35 < pKs < 3.5):
H=~-lo (—&+,/K—52+ K, -C

p ~ g 2 4 S o}

Starke Sauren (pKs < -0.35)

pH =—log(c,)

pOH-Wert von schwachen Basen

1
pOH ~ E(pKB —log Co)

Zusammenhanq fur konjugiertes Saure-Base-Paar

pKs + pKg = pKw = 14

pH-Wert fur Pufferldésungen (Henderson-Hasselbalch-Gleichunq)

c(HA)
c(A7)

pH =~ pK —log
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Elektrochemie

Faraday-Gesetz

M
z

m=

% mit m = abgeschiedene Masse

M = molare Aquivalentmasse

z = Anzahl der Ubertragenen Elektronen

L = Elektrizitatsmenge (elektrische Ladung)

Elektrische MaReinheiten

1A=1C/s
1Q0=1VIA
1S=10Q1
1J=1VC

Formen der Nernst-Gleichung

Allgemeine Form:

Bei 25°C:

Fur Halbreaktionen bei 25°C:

Fiur Metallelektroden bei 25°C:

Elektromotorische Kraft

AE = AE°® —

2,303RT log Q
nF

AE = AE° —

0,05916 log Q
n

N 0,05916 o [OxidierteForm]
n [Re duzierteForm]

E=E°

E~E°+ log c(M ")

0,05916
n

EMK = AE® = E°(Kathode) — E° (Anode)

in Volt

in Volt

in Volt

in Volt
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Thermodynamik

Reaktionsenthalpie

AH = AU + pAV

Freie Reaktionsenthalpie

AG=AH -T -AS

AG=-n-F-AE

Zusammenhang zum Massenwirkungsgesetz

aA+eE < xX +2Z

¢X(X)-c*(2)
¢ c*(A)-c*(E)

Ko =K. -(R-T)" [An=x+z-a—¢]

AG =AG’ +R-T-In(K,)

Aktivitat

a=f.c [f <1 Aktivitatkoeffizient]
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Gase

Ideales Gasgesetz

p-AV =An-R-T

Dalton-Gesetz der Partialdriicke

p=p(A)+ p(B)+ p(C) +...

Stoffmengenanteil
3 n(A) no .
p(A)——n(A)+n(B) p=X(A)-p

Reaktionskinetik

Arrheniusgleichung

k=A.g E/RT
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Thermodynamische Daten

(aus Peter W. Atkins, Kurzlehrbuch Physikalische Chemie, Wiley 3. Auflage)

|s19

Anhang 1

Tabelle A1.1 Thermodynamische Daten organischer Verbindungen bei 298,15 K

M/ AgHY  AgGE/  SE/ Coml AvesH/
(g mol™) (k) mol™) (k) mol™) {) K'mol™) (] K'mol™) (kj mol™)
C(s) {Graphit) 12,011 0 0 5,740 8,527 -393,51
C(s) (Diamant} 12,011 +1,895 +2,900 2,377 6,113 —-395,40
CO4(g) 44,010 -39351 -39436 213,74 37.11
Kohlenwasserstoffe
CH.,(g), Methan 16,04 -74,81 -50,72 186,26 35,31 ~890
CH,(g), Methyl 1504  +14569 +147,92 1942 38,70
C;H,(g), Ethin 26,04 +226,73  +209,20 200,94 43,93 -1300
C,H,(g), Ethen 2805 45226  +68,15 219,56 43,56 ~1411
C,H¢g). Ethan 30,07 -84,68 -32,82 229,60 52,63 -1560
C3H(g), Propen 42,08 +20,42 +62,78 267,05 63,89 -2058
C;H¢{g), Cyclopropan 42,08 +53,30  +104,45 237,55 55,94 -2091
C;Hg(g), Propan 44,10  -103,85 -23,49 26991 73,5 -2220
C,Hs(g), 1-Buten 56,11 013 471,39 30571 85,65 -2717
C.Hglg), cis-2-Buten 56,11 -6,99 +65,95 300,94 78,91 -2710
C,Hy(g), trans-2-Buten 56,11  -11,17 463,06 296,59 87,82 ~2707
C.Hy(g), Butan 58,13 -126,15 -17,03 310,23 97,45 -2878
CsHy,(g), Pentan 72015 146,44 -820 348,40 1202 -3537
CsH () 72,15 -173,1
CsHg(l), Benzol 7812 4490  +1243 1733 136,1 -3268
CsHglg) 78,12 +82,93  +129,72 269,31 81,67 -3320
C¢Hy,ll), Cyclohexan 84,16  -156 +26.8 156,5 13902
CeH (), Hexan 86,18 -1987 204,3 4163
C¢H;CHj,(g), Methyl- 92,14 +50,0 +122,0 3207 103,6 -3953
benzol (Teluol)

C,H,4(]), Heptan 100,21 2244 +1,0 3286 2243
Catg(l), Octan 114,23 -2499 +64  361,1 -5471
CsHyg(l), [sooctan 114,23 -2551 _5461
CioHa(s), Naphthalin 128,18 +78,53 -5157
Alkohole und Phenole
CH;0H(l), Methanol 32,04 -23866 -166,27 126.8 81,6 -726
CH;OH(g) 32,04 -200,66 -161,96 239,81 43,89 -764
C,H;0H{]), Ethanol 46,07  -277,69 -17478 160,7 111,46 -1368
C,H;0H(g) 4607 235,10 -16849 282,70 65,44 ~1409
C,H;OH(s), Phenol 94,12 -165,0 -50,9 146,0 -3054

Carbonsiuren, Hydroxysiuren und Ester

HCOOH(!), Ameisen- 46,03 -42472 -361,35 128,95 99,04 =255
sdure

CH,;COOH({l), Essig- 60,05 -484,5 -389,9 159,8 1243 -875
saure

CH,COOH(aq) 60,05 -48576  -396,46 1787

CH;CO; (aq) 59,05 —486,01 -369.31 +86.,6 -6,3
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820] Anhang 1

M/ AgH™  AgGT/ Syl Coml AyeaHE/
(g mol™) (k] mol™) (kf mol™} ) K'mol”) () K'mol™) (k) mol™)
(COOH),(s), Oxalsdure 90,04  —827.2 117 -254
CHsCOOH(s), Benzoe 122,13 3851  -2453 1676 146,8 -3227
sdure
CH,CH{OH)COOH(s), 90,08 —-694,0 ~1344
Milchsiure
CH;COOC,Hs(l), Fthyl 88,11 —479,0  -3327 2594 170,1 -2231
acetat
Alkanale und Alkanone
HCHO(g), Methanal 30,03  -10857 -10253 218,77 35,40 571
CH,CHO(l}, Ethanal 4405 192,30 12812  160.2 -1166
CH;CHO(g) 44,05 -166,19 -128,86 2503 57.3 -1192
CH,COCH,(l}, Propanon 5808 -2481 1554 2004 124,7 -1790
Zucker
C4H,,04(s), a-p-Glucose 180,16 -1274 —-2808
C¢H1,04(s), 3-p-Glucose 180,16 -1268 -910 212
C¢H,,04(s), 3-p-Fructose 180,16 -1266 —-2810
C,,Hp00(s), Saccharose 342,30 -2222  -1543 360,2 -5645
Stickstoffverbindungen
CO(NH,),(s), Harnstoff 60,06  -333,51 -197,33 104,60 93,14 -632
CH,;NH,{g), Methylamin 31,06  -2297  +32,16 24341 53,1 -1085
C¢HsNH,(l), Anilin 93,13 +31,1 -3393
CH,(NH,)COOH(s), 7507 -5329  -3734 1035 99,2 -969
Glycin

Tabelle A1.2  Thermodynamische Daten anorganischer Verbindungen bei 298,15 K

M/ AgH AgG Y/ Sl Coml
{gmol) (K mol”} (kg mol™)  (K'mol™) () K'mol)
Aluminjum
Al(s) 26,98 ] 0 28,33 24,35
Al(l) 26,98 +10,56 +7,20 39,55 24,21
Al(g} 26,98 +326,4 +285,7 164,54 21,38
Al*(g) 26,98 +5483,17
Al*{aq) 26,98 -531 —485 -321,7
ALOy(s, ) 101,96 -1675,7 -1582,3 50,92 79,04
AICH(s) 133,24 -704,2 6288 110,67 91,84
Argon
Ar(g) 39,95 0 0 154,84 20,786
Antimon
Shy(s) 121,75 0 0 45,69 25,23
SbH,(g) 153,24 +145,11 +147,75 232,78 41,05
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Anhang 1 | 821

M/ AgHe/ AgGE/ sa/ Coml
{gmo) (Ymel™) (mol) () K'mol™) {) K'mol™)

Arsen
As(s, a) 74,92 0 0 35,1 24,64
As(g) 74,92 +302,5 +261,0 174,21 20,79
Asy(g) 299,69 +143,9 +92,4 314
AsH;(g) 77,95 +66,44 +68,93 222,78 38,07
Barium
Ba(s) 137,34 0 0 62,8 28,07
Ba(g) 137,34 +180 +146 170,24 20,79
Ba’'{aq) 137,34 537,64 -560,77 +9,6
BaO(s) 153,34 ~553,5 -525,1 70,43 47.78
BaCl,(s) 208,25 -858,6 -810,4 123,68 75,14
Beryllium
Be(s) 9,01 0 0 9,50 16,44
Be(g) 9,01 +324,3 +286,6 136,27 20,79
Bismut
Bi(s) 208,98 0 0 56,74 25,52
Bi(g) 208,98 +207,1 +168,2 187,00 20,79
Brom
Bry(l) 159,82 0 0 152,23 75,689
Br,(g) 159,82 +30,907 +3,110 245,46 36,02
Br(g) 79,91 +111,88 +82,396 175,02 20,786
Brig) 79,91 -219,07
Br{ag) 79,91 —121,55 -103,96 +82,4 -141,8
HBr(g) 90,92 -36,40 -53.45 198,70 29,142
Cadmium
Cd(s, v) 112,40 0 0 51,76 25,98
Cd(g) 112,40 +112,01 +77,41 167,75 20,79
Cd’*(aq) 112,40 -75,90 -77,612 -73,2
CdO(s) 128,40 -258,2 ~228,4 54,8 43,43
CdCO,(s) 172,41 ~750,6 -669,4 92,5
Cisium
Cs(s) 132,91 0 0 85,23 32,17
Cs(g) 132,91 +76,06 +49,12 175,60 20,79
Cs*(aq) 132,91 -258,28 -192,02 +133,05 -105
Calcium
Ca(s) 40,08 0 0 41,42 25,31
Calg) 40,08 +178,2 +144,3 154,88 20,786
Ca’*(aq) 40,08 542,83 -553,58 -53,1
CaO(s) 56,08 —635,00 —604,03 39,75 42,80
CaCO,(s) Calcit 100,09 ~1206,9 -1128,8 92,9 81,88
CaCO,(s) Aragonit 100,09 -1207,1 -1127.8 88,7 81,25
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822 Anhang 1

M/ AgH Y/ AgG=/ Sm/ Coml

(gmol™)  (kimol} {kfmel™)  {J K'mol") (j K'mol™)
CaF,(s) 78,08 -12196 11673 68,87 67,03
CaCly(s) 110,99 -795.8 -748,1 104,6 72,59
CaBry(s) 199,90 -682,8 -663,6 130
Kohlenstoff (organische Verbindungen siehe Tabelle A1.1)
C(s) (Graphit) 12,011 0 0 5,740 8,527
C{s) (Diamant) 12,011 +1,895 +2,900 2,377 6,133
Cig) 12,011 +716,68 +671,26 158,10 20,838
Cylg) 24,022 +831,90 +775,89 199,42 4321
CO(g) 28,011 -110,53 -137,17 197,67 29.14
CO,lg) 44,010 -393,51 ~394,36 213,74 37,11
CO,laq) 44,010 -413,80 -385,98 1176
H,CO4{aq) 62,03 699,65 ~623,08 1874
HCO; (aq) 61,02 ~691,99 -586,77 +91,2
CO? (aq) 60,01 —677.14 -527.81 -56,9
ccl 153,82 ~135,44 ~65,21 216,40 131,75
CSy(ly 76,14 +89,70 +65,27 151,34 75.7
HCN(g) 27,03 +135,1 +124,7 201,78 35,86
HCN(l) 27,03 +108,87 +124,97 112,84 70,63
CN(aq) 26,02 +150,6 +172,4 +94,1
Chlor
Clyg) 70,91 0 0 223,07 33,91
Cl(g) 35,45 +121,68 +105,68 165,20 21,840
Cl{g) 35,45 ~233,13
Cl(aq) 35,45 -167,16 -131,23 +56,5 ~136,4
HCl(g) 36,46 -92,31 -95,30 186,91 29,12
HCl(aq) 36,46 -167,16 -131,23 56,5 ~136,4
Chrom
Cr(s) 52,00 0 0 23,77 23,35
Crig) 52,00 +396,6 +351,8 174,50 20,79
CrO} (aq) 115,99 -881,15 -727,75 +50,21
Cr,0% (aq) 215,99 ~1490,3 -1301,1 +261,9
Kupfer
Cus) 63,54 0 0 33,150 24,44
Cu(g) 63,54 +338,32 +298,58 166,38 20,79
Cu'(aq) 63,54 +71,67 +49,98 +40,6
Cu*(aq) 63,54 +64,77 +65,49 -99,6
Cu,0(s) 143,08 -168,6 -146,0 93,14 63,64
CuO(s) 79,54 -157,3 -129,7 42,63 42,30
CuSO,(s) 159,60 -771.36 -661,8 109 100,0
CuS0, - H,0(s) 177,62 -1085,8 -918,11 146,0 134
Cus0,- 5H,0(s) 249,68 -2279,7 ~1879,7 300,4 280
Deuterium
D,{g) 4,028 0 0 144,96 29,20
HD(g) 3,022 +0,318 -1,464 143,80 29,196
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Anhang 1 | 823

M/ AgH/ AG/ 87/ ol

(gmol™)  (mol™) (kmel) (JK'mol"} () K'mol)
D,0(g) 20,028 -249,20 -234,54 198,34 34,27
D,;0(]) 20,028 ~294,60 ~243 44 75,94 84,35
HDO(g) 19,022 -24530 ~233,11 199,51 33,81
HDO(l) 19,022 -289,89 -241,86 79,29
Fluor
Fi(g) 38,00 0 0 202,78 31,30
F(g) 19,00 +78,99 +61,91 158,75 22,74
F(aq) 19,00 -332,63 -278,79 -13.8 -106,7
HEF(g) 20,01 -271,1 -273,2 173,78 29,13
Gold
Au(s) 196,97 0 0 47,40 25.42
Aulg) 196,97 +366,1 +326,3 180,50 20,79
Helium
He(g) 4,003 0 0 126,15 20,786
Wasserstoff (siehe auch Deuterium)
H,(g) 2,016 0 0 130,684 28,824
Hig) 1,008  +217,97 +203,25 114,71 20,784
H'*(aq) 1,008 0 0 0 0
H,0(l) 18,015 -285,83 -237.13 69,91 75,291
H,0(g) 18,015 -241,82 -228,57 188,83 33,58
H,0,(1) 34,015 -187,78 -120,35 109,6 89,1
Jod
I3(s) 253,81 0 0 116,135 54,44
I,(g) 253,81 +62,44 +19,33 260,69 36,90
I(g) 126,90 +106,84 +70,25 180,79 20,786
I"(aq) 126,90 -55,19 -5157 #1113 ~142,3
Hl(g) 127,91 +26,48 +1,70 206,59 29,158
Eisen
Fe(s) 55,85 0 0 27,28 25,10
Fe(g) 55,85 +416,3 +370,7 180,49 25,68
Fe'*(aq) 55,85 -89,1 -78,90 -137,7
Fe'(aq) 55,85 ~48,5 —4,7 -315,9
Fe;04(s) (Magnetit) 231,54 ~1184,4 ~1015.4 146,4 143,43
Fe,0;(s) (Hamatit) 159,69 -824,2 -742,2 87,40 103,85
FeS(s, a) 8791 -100,0 -100,4 60,29 50,54
FeS,(s) 119,98 -1782 -166,9 52,93 62,17
Krypton
Kr(g) 83,80 0 0 164,08 20,786
Blei
Phy(s) 207,19 0 0 64,81 26,44
Pb(g) 207,19 +195,0 +161,9 175,37 20,79
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824

Anhang 1

M/ AgH / AgG® / Sa / cp.m.’

(gmol”)  (Kmol)  (kmol") (K'mol™) ( K'mol")
Pb**(aq) 207,19 -1,7 -24,43 +10,5
PbO(s, gelb) 223,19 -217,32 -187,89 68,70 45,77
PbO(s, rot) 223,19 -218,99 -188,93 66,5 45,81
PbO,(s) 239,19 -277,4 -217,33 68,6 64,64
Lithium
Li(s) 6,94 0 0 29,12 24,77
Li(g) 6,94 +159,37 +126,66 138,77 20,79
Li*(aq) 6,94 -278,49 -293,31 +13.4 +68,6
Magnesium
Mg(s) 24,31 0 0 32,68 24,89
Mg(g) 24,31 +147,70 +113,10 148,65 20,786
Mg**(aq) 24,31 —466,85 -454,8 -138,1
MgO(s) 40,31 -601,70 —569,43 26,94 37,15
MgCO4(s) 84,32 -1095,8 -1012,1 65,7 75,52
MgCl,(s) 95,22 -641,32 -591,79 89,62 71,38
MgBr,(s) 184,13 -524,3 -503,8 117,2
Quecksilber
Hg(l) 200,59 0 0 76,02 27,983
Hg(g) 200,59 +61,32 +31,82 174,96 20,786
Hg* (aq) 200,59 +171,1 +164,40 -32.2
Hg3*(aq) 401,18 +172,4 +153,52 +84,5
HgO(s) 216,59 -90,83 58,54 70,29 44,06
Hg,Cly(s) 472,09 ~265,22 -210,75 192,5 102
HgCly(s) 271,50 —224,3 ~178,6 146,0
HgS(s, schwarz) 232,65 -53,6 —47,7 883
Neon
Ne(g) 20,18 0 0 146,33 20,786
Stickstoff
Na{g) 28,013 0 0 191,61 29,125
N(g) 14,007 +472,70 +455,56 153,30 20,786
NO(g) 30,01 +90,25 +86,55 210,76 29,844
N,O(g) 44,01 +82,05 +104,20 219,85 38,45
NO,(g) 46,01 +33,18 +51,31 240,06 37,20
N,O4(g) 92,01 +9,16 +97,89 304,29 77,28
N,O4(s) 108,01 43,1 +113,9 178,2 143,1
N,Os(g) 108,01 +11,3 +115,1 355,7 84,5
HNO,(l) 63,01 -174,10 -80,71 155,60 109,87
HNO;(aq) 63,01 ~207,36 -111,25 146,4 -86,6
NO7 (aq) 62,01 ~205,0 -108,74 +146,4 -86,6
NH;(g) 17,03 -46,11 ~16,45 192,45 35,06
NH;(aq) 17,03 -80,29 -26,50 1133
NH;{aq) 18,04 ~132,51 -79,31 +113,4 +79,9
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Anhang 1 | 825

M/ AgHY NG/ Si/ Coml

(gmol™)  (mol) (Kmol")y (I K'mol") () K'mol”)
NH,0H(s) 33,03 -114,2
HN,(l) 43,03 +264,0 +327,3 140,6 43,68
HN;,(g) 43,03 +2941 +328,1 238,97 98,87
NaH.(l) 32,05 +50,63 +149,43 121,21 139.3
NH,NO,(s) 80,04 —-365,56 —-183,87 151,08 84,1
NH.Cl(s) 53,49 -314,43 —202,87 94,6
Sauerstoff
0,(g) 31,999 0 0 205,138 29,355
O(g) 15,999 +249,17 +231,73 161,06 21,912
O(g} 47,998 +142.7 +163,2 238,93 39,20
OH (aq) 17,007 -229,99 -157,24 -10,75 -148,5
Phosphor
P(s, weifd) 30,97 0 0 41,09 23,840
P(g) 30,97 +314,64 +278,25 163,19 20,786
P.(g) 61,95 +144.3 +103,7 218,13 32,05
P.(g) 123,90 +58,91 +24,44 279,98 67,15
PH;(g) 34,00 +5,4 +13.4 210,23 37,11
PCly(g) 137,33 -287,0 -267.8 311,78 71,84
PCLy(l) 137,33 -319,7 -2723 2171
PCly(g) 208,24 ~374,9 -305,0 364,6 112,8
PCls(s) 208,24 —443,5
H;POs(s) 82,00 -964,4
H;POs(aq) 82,00 —964.8
H;PO,(s) 94,97 -1279,0 -1119,1 110,50 106,06
H;PO,(l) 94,97 -1266,9
H;PO,(aq) 94,97 -1277 .4 -1018,7 =222
PO;" (aq) 94,97 -1277 .4 -1018,7 222
P4O(s) 283,89 -2984,0 -2697,0 228,86 211,71
P,O4ls) 219,89 -1640,1
Kalium
K{s) 39,10 0 0 64,18 29,58
K(g) 39,10 +89,24 +60,59 160,336 20,786
K*(g) 39,10 +514,26
K'(aq) 39,10 -252,38 -28327  +1025 +21,8
KOH(s) 56,11 -424,76 -379,08 78,9 649
KF(s) 58,10 -576,27 -537,75 66,57 49,04
KCl(s) 74,56 —436,75 409,14 82,59 51,30
KBr(s) 119,01 -393,80 -380,66 95,90 52,30
KI(s) 166,01 -327.90 324,89 106,32 52,93
Silicium
Si(s) 28,09 0 0 18,83 20,00
Si(g) 28,09 +455,6 +411,3 167,97 22,25
Si0,(s, a) 60,09 -910,93 —856,64 41,84 44,43
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826 | Anhang 1

M/ AgH Y AyG-/ Sal/ Coml

(gmol™)  (kimol™)  (k)mol™) (K'moF") () K'mol)
Silber
Ag(s) 107,87 0 0 42,55 25,351
Ag(g) 107,87 +284,55 +245,65 173,00 20,79
Ag*faq) 107,87 +105,58 +77,11 +72,68 +21,8
AgBr(s) 187,78 -100,37 -96,90 107,1 52,38
AgCl{s) 143,32 -127,07 -109,79 96,2 50,79
Ag,0(s) 231,74 -31,05 -11,20 121,3 65,86
AgNO,(s) 169,88 -124,39 -33,41 140,92 93,05
Natrium
Na(s) 22,99 0 0 51,21 28,24
Na(g) 22,99 +107,32 +76,76 153,71 20,79
Na'{aq) 22,99 -240,12 -261,91 +59,0 +46,4
NaOH(s) 40,00 -425,61 -379,49 64,46 59,54
NaCl(s) 58,44 —411,15 -384,14 72,13 50,50
NaBr(s) 102,90 -361,06 -348,98 86,82 51,38
Nal(s) 149,89 -287,78 ~286,06 98,53 52,09
Schwefel
S(s. a) 32,06 0 0 31,80 22,64

{rhombisch)
S(s, 3) 32,06 +0,33 +0,1 32,6 23,6
{monoklin)

S(g) 32,06 +278,81 +238,25 167,82 23,673
S,(g) 64,13 +128,37 +79,30 228,18 32,47
S (aq) 32,06 +33,1 +85,8 -14,6
SO,(g) 64,06 -296,83 -300,19 248,22 39,87
SO,(g) 80,06 ~395,72 -371,06 256,76 50,67
H,50,() 98,08 -813,99 -690,00 156,90 138,9
H,50,(aq) 98,08 -909,27 —744,53 20,1 -293
S0O2" (aq) 96,06 -909,27 ~744,53 +20,1 -293
HSO, (aq) 97,07 -887,34 -755,91 +131,8 -84
H,S(g) 34,08 -20,63 -33,56 205,79 34,23
H,S(aq) 34,08 -39,7 -27.83 121
HS (aq) 33,072 -17,6 +12,08 +62,08
SFq(g) 146,05 -1209 -1105,3 291,82 97,28
Zinn
Sn(s, ) 118,69 0 0 51,55 26,99
Sn(g) 118,69 +302,1 +267,3 168,49 20,26
Sn’*(aq) 118,69 -8.8 -27,2 -17
SnO(s) 134,69 -285,8 -256,8 56,5 44,31
$n0,(s) 150,69 -580,7 +519,6 52,3 52,59
Xenon
Xe(g) 131,30 0 0 169,68 20,786
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Anhang 1
M/ AgH/ AgG 7/ S5/ Coml
(gmol™) (k) moy  (kmol") K'mol) ( K'mol™)
Zink
Zn(s) 65,37 0 0 41,63 25,40
Zn(g) 65,37 +130,73 +95,14 160,98 20,79
Zn*(aq) 65,37 -153,89 -147,06 -112,1 +46
Zno(s) 81,37 -348,28 -318,30 43,64 40,25

* Entropien und Wirmekapazititen von Ionen beziehen sich auf H*(aq) und sind mit

Vorzeichen angegeben.

827
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Standardpotenziale

996

Tabelle 6-2 Standardpotenziale 298 K. (a) In elektrochemischer Reihenfolge.

Anhang B Tabellen

(Aus P. Atkins, J. DE Paula, Physikalische Chemie, Oxford University Press, 5. Auflage, 2013)

Reduktions-Halbreaktion E®)v Reduktions-Halbreaktion E®|v
stark oxidierend Cu?t +e~ - cut +0.16
HyXeOg + 2HT + 26~ — XeO3 +3H,0  +3.0 Sn*t 42~ — sn2t +0.15
Fy +2¢~ — 2F +2.87 AgBr+e~ — Ag+Br— +0.07
03 +2H1 +2¢~ — 0, + H,0 +2.07 Ti*t + e~ - T3t 0.00
$203” +2e” — 2502~ +2.05 2Ht +2¢~ - H, 0, per Definition
Ag?t +e™ — Agt +1.98 Fe’t + 3¢~ — Fe —0.04
Co’t + e~ — Co?t +1.81 02 + H;O +2¢e~ — HO; +OH™  —0.08
Hy0; + 2HT + 2~ — 2H,0 +1.78 Pb2t 4+ 2¢~ — Pb —0.13
Aut +e” > Au +1.69 Int +e~ > In —0.14
Pb*t 4 2e — pp2t +1.67 Sn?t +2¢~ — sn —0.14
2HCIO + 2H™' +2e— — Cl; + 2H,0 +1.63 Agl+e™ —> Ag+1™ —0.15
Ce*t 4e— — Ce3t +1.61 NiZt + 2e= — Ni —0.23
2HbrO + 2HT + 2¢~ — Br, + 2H,0 +1.60 Co*t +2e~ — Co —0.28
MnOj; +8Ht + 5¢~ — Mn?+ + 4H,0 +1.51 It +3e~ > 1In —0.34
Mn?*t 4+ e~ — Mn?t+ +1.51 T+ +e~ > Tl —0.34
AWt +3e~ - Au +1.40 PbSO4 +2e~ — Pb + SO3~ —0.36
Cly +2e~ — 2CI— +1.36 Ti*t + e~ - Tizt —0.37
Cr,02~ + 14HY + 6e~ — 203+ +7H,0  +1.33 Cd?t +2¢~ > cd —0.40
03 + Hy0 + 2~ — O, + 20H™ +1.24 In?t +e~ — Int —0.40
O +4H™ +4e~ — 2H,0 +1.23 et +em — o2t —0.41
ClOy +2HT + 2~ — ClO; + H,0 +1.23 Fe?t 4 2~ — Fe —0.44
MnO; +4Ht + 2e~ — Mn?t+ + 2H,0 +1.23 In** 4+ 2¢~ — Int —0.44
Br +2e~ — 2Br™ +1.09 S+2e” — §¥~ —0.48
Pu*t + e~ — pudt +0.97 In*t + e~ — 2t —0.49
NO3 +4HT + 3¢~ — NO + 2H,0 +0.96 Ut ve— > U3+ —0.61
2Hg*t +2¢~ —» HgZt +0.92 c?t i3e” > —0.74
ClO™ + H,0 + 2e~ — Cl~ + 20H™ +0.89 Zn?t +2¢~ - Zn —0.76
Hg?t +2¢~ — Hg +0.86 Cd(OH); +2e~ — Cd + 20H™ —0.81
NO7 + 2Ht +e— — NO; + H,0 +0.80 2H;0 +2e~ — H; + 20H™ —0.83
Agt +e= — Ag +0.80 C?t r2e s Cr —0.91
Hg3 T 2¢= — 2Hg +0.79 Mn?t + 2¢= — Mn -1.18
Fe’t + e~ — Fe?t +0.77 V2t 426 5V -1.19
BrO™ + HyO +2e~ — Br~ + 20H™ +0.76 Tit +2e— > Ti —1.63
HgyS04 + 2~ — 2Hg + SO;~ +0.62 APt 4 36— — Al —1.66
MnOﬁ‘ +2H0 + 2™ — MnO; + 4OH™  40.60 Ut i3 >uU =1.79
MnOj +e~ — MnO?~ +0.56 St 43¢~ — sc -2.09
I +2e~ — 21~ +0.54 Mg?t +2e~ — Mg —2.36
Cut +e” > Cu +0.52 Ce’t +3e~ > Ce —2.48
I3 +2e~ — 31 +0.53 La*t 43¢~ > 1a —2.52
NiOOH + H,0 + e~ — Ni(OH); + OH—  +0.49 Nat +e~ = Na -2.71
AgyCrO4 + 2~ — 2Ag + CrO; 2 +0.45 Ca?t +2¢~ > Ca —2.87
0, +2H,0 + 4~ — 40H™ +0.40 St 4+ 2¢~ — St —2.89
ClOy +H0 +2¢~ — ClO; + 20H™ +0.36 Ba’t +2¢~ — Ba —2.91
[Fe(CN)s]>~ + e~ — [Fe(CN)gJ*~ +0.36 Ra’t +2¢~ — Ra —2.92
Cu?t +2¢e~ - Cu +0.34 Cst+e™ —>Cs —2.92
Hg,Cl, +2e~ — 2Hg + 2C1~ +0.27 RbT +e~ — Rb —2.93
AgCl+e™ — Ag+Cl™ +0.22 Kt+e~ >K —2.93
Bi*t + 3¢~ — Bi +0.20 Lit+e” - L —3.05
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Anhang B Tabellen

Tabelle 6-2 Standardpotenziale 298 K. (b) In alphabetischer Reihenfolge.

Reduktions-Halbreaktion E®|v Reduktions-Halbreaktion E®|
Agt +e” — Ag +0.80 I +2e~ =21~ +0.54
Ag?t +e” — Agt +1.98 Iy +2e~ =31 +0.53
AgBr+e~ — Ag+Br~ +0.0713 Int +e” > In —0.14
AgCl+e™ — Ag+Cl™ +0.22 In?t +e~ - Int —0.40
AgyCrO4 +2e~ — 2Ag + CrO}~ +0.45 I3t 4+ 2~ - Int —0.44
AgF+e~ —> Ag+F~ +0.78 In’t +3¢~ - In —0.34
Agl+e™ —> Ag+1~ —0.15 O —0.49
APt 4+ 3e™ — Al —1.66 Kt+e~ —>K —2.93
Aut +e” — Au +1.69 La*t 43¢~ > 1a —2.52
AWt 3¢ > Au +1.40 Lt +e” > Li —3.05
Ba?t +2¢~ — Ba +2.91 Mgt +2e~ — Mg —2.36
Be?t +2¢~ — Be —1.85 Mn?t 4+ 2e~ — Mn —1.18
Bi*t + 3¢~ — Bi +0.20 Mn3t + e~ — Mn?t +1.51
Br, + 2~ —> 2Br™ +1.09 MnO, + 4Ht + 2¢~ — Mn?* + 2H,0 +1.23
BrO™ + HyO +2e~ — Br— + 20H™ +0.76 MnO;, " + 8HT +5¢~ — Mn2t + 4H,0 +1.51
Ca?t 426" > Ca —2.87 MnOj +e~ — MnO}~ +0.56
Cd(OH), +2¢~ — Cd + 20H™ —0.81 MnO?~ +2H;0 + 2¢~ — MnO; + 40H~  +0.60
Cd*t +2e~ - cd —0.40 Nat +e~ —> Na -2.71
Celt 43¢~ — Ce —2.48 Ni>t +2¢~ — Ni —0.23
Ce*t +e™ > ce3t +1.61 NiOOH + H,0 + e~ — Ni(OH); + OH™  +0.49
Cly +2e~ — 2C1~ +1.36 NOj +2HT +e~ — NO; + H,0 —0.80
ClO™ +H;0+2¢~ - Cl™ +20H™ +0.89 NO3™ + 4Ht 43¢~ > NO + 2H,0 +0.96
Cloy +2H™ +2e~ — ClO7 + H,0 +1.23 NOj + H;0 +2e~ — NOj +20H™ +0.10
Clo; +H;0 +2e~ — ClO; + 20H™ +0.36 0, +2H,0 +4e~ — 40H™ +0.40
Co*t +2¢~ — Co —0.28 0 +4HT + 4e~ — 2H,0 +1.23
Co*t +e™ — Co?t +1.81 02+e~ =05 —0.56
Cr?t 42 > Cr —0.91 0; + H;0 +2e~ — HO; +OH™ —0.08
Cr,03~ +14H1 + 6e~ - 2C%+ + 7H,0 +1.33 03 +2HT +2¢e~ = 0, + H,0 +2.07
Pt 43e > —0.74 03 +Hy0 +2e~ — 0, + 20H™ +1.24
ct vem —» o2t —0.41 Pb2t 4+ 2¢~ — Pb —0.13
Cst+e” > Cs —2.92 Pb*t +2e~ — Pb2t +1.67
Cut +e” = Cu +0.52 PbSO4 +2e™ — Pb + SO~ —0.36
Cu?t +2e~ - Cu +0.34 P2t 4+ 2e~ — Pt +1.20
cu?t +e” —»cut +0.16 Pu*t + e~ — Pudt +0.97
F +2e~ — 2F~ +2.87 Ra’t +2¢~ — Ra —2.92
Fe?t +2e~ — Fe —0.44 RbT +e~ —Rb —2.93
Fe3t + 3¢~ — Fe —0.04 S+2e” — S~ —0.48
Fe’t + e~ — Fe?t +0.77 S0~ +2e~ — 2803~ +2.05
[Fe(CN)g*~ + e~ —> [Fe(CN)g]*~ +0.36 Sc3t +3e~ = Sc —2.09
2Ht +2e~ - H; 0, per Definition Sn?t 4 2e~ — Sn —0.14
2H,0 +2e~ — H, + 20H™ —0.83 Sn*t +2e~ — sn?t +0.15
2HBIO + 2H™ + 2e~ — Br; + 2H,0 +1.60 St 4 2e= — sr —2.89
2HCIO + 2Ht + 2~ — Cl; + 2H,0 +1.63 Ti*t +2e~ > Ti -1.63
H0; +2HT + 2~ — 2H,0 +1.78 T3t + e~ — Ti2t —0.37
H4XeOg + 2H1 + 2~ — XeO3 +3H,0  +3.0 Ti*t + e~ - T3t 0.00
Hg2t +2¢— — 2Hg +0.79 Tt +e= - Tl —0.34
Hg,Cl, + 2~ — 2Hg + 2C1~ +0.27 Ut 43¢~ > U -1.79
Hg?t +2¢~ — Hg +0.86 Ut 4 e > Ut —0.61
2Hg?t + 2¢~ — Hg2 T +0.92 V2t 12e” >V -1.19
Hg,SO04 + 26~ — 2Hg + SO~ +0.62 Vit pem — 2+ —0.26
Zn?t 4+ 26~ — Zn —0.76
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Loslichkeitsprodukte
(Aus Charles E. Mortimer, Chemie, Thieme Verlag, 6te Auflage)

B.2 Léslichkeitsprodukte

.

Bromide Hydroxide (Fortsetzung) Verschiedene
PbBE 46 % 10-° Mg(QH); 8.9 %107 NaHCO; 1,2x 107 {
Ha,Br 13 % 10-22 Mn(OH), 2x107" KClO, 8.9x 107 i
Agér ? 50x10-" Hg(OH), (HgO) 3x10°° K,[PtClg) 1.4 %10 i
: Ni(OH), 16x10'® Ag[CH,CO,] 2,3 % 10*1’(1 i
AqOH (Ag,0) 20x1078 AQCN 1,6 x 10° ,
t -
Carbonate 9 Sr(OH), 3,2%x107° AgSCN 1,0 x 107" ,
oS s e —
CaCo, 47 %107 Zn(OH), 45x 107"
3 ,
cuco 25%x107" .
FeCO, 21%10 " lodide »
PbCO; 1,5%x 107" Pbl, 8,3 x10
N -29
MgCO; 1x107° Hg.l> 4,5 x 1047
MnCO; 88 x 107" Agl 8.5x10
Hg,C0; 9,0x10"7 ““’
NiCO, 14 %107 Oxalate
Ag,CO; 8,2x10 " BaC,0, 1,5x 1078
SrCO, 7x107"° CaC,0, 1.3 x 10’9‘2
10 _
ZnCo; 2> 10 Eﬁbg%% 2; : 13_5 B.3 Komplexzerfallskonstanten
24 v
. -n
Chloride Ag,C,04 1,1 % 10_8 (AT 4% 1020
PbCl 1.6 % 107° SrC;04 56 x 10 6 ) u
HayCl 11 %1078 - [AUOH),] 1310
Agel 17 %10 " Phosphate (MO 7110710
Ba3(PO4); 6= 10 ¥ [Cd(NH3)42]_ 7.5 x 1049
Chromate Cay(PO4); 1.3x107% [Cd(CN)::ZL 1.4 x 707"
BaCrO 8,5x 107" Pb3(PO4); 1x10 [Cr(OH)] . 5% ]0_5
PbCIO; 2%10°0 Ag3PO, 1810 [ColNH; )e] P
Hg,CrO, 2%107° Sr3(PO4); 1107 [Co(NH )] 22x10°
Ag,CrO, 1,9 x 107 : [CU(NHJ}Z]Z' 1.4 x 10_15
SrCr04 3’6 % 10‘5 Sulfate [CU(NH3)4] 4,7 x 10 6
BaS0, 1,5%x107° [Cu(CN),] 1x 10*ﬂ
Fluoride Cas0, 24%x10° [Cu(OH)]* 1%10°
BaF, 2,4%x10° PbSO, 1.3x10° [Fe(CN)g]*" 1x10°%
« 1n-1 Ag,50,4 12x107° Fe(CN)g]?" 1x107%
CaF, 3,9 % 10 . .
PbF, 410" 5r504 76 <10 [PH(OH)]* 15 % 10°
MgF; g x 1072 {HgBr,]?~ 23x 1072
SiF, 79 %10 " Sulfide [HgCl,)? 11x 107
Bi,S; 16x107" [Hg(CN)4)? 4x10%
Hydroxide cds 1.0 x 10'72;2 [Hgl,]*~ 53x 10 %
Al(OH); 510 ¥ cos 210 7 [Ni(NH )] 11078
Ba(OH), 50 % 1073 Cus §x 10" [NI(NH )61 1,8x107°
Cd(OH), 20x%10 " FeS 4x10 [Ag(NH3),|* 6.0x 107"
-6 PbS 7 %1078 2 : 1
Ca(OH), 1310 7 MnS 7 %101 [Ag(CN),] 1.8 =10
Cr{OR)s 6.7x10 ) = [Aq(5,0,),)°" 5% 107
Co(OH) 25x10°1° Hgs 16> 10 5 -15
o(OH), : ) ; -2 [Ag(5,01)3] 9.9x10
x 1079 NiS 3x10
Co(OH); 2,5x1 -5 [Zn({NH )1 34x107"
Cu(OH) 16x10°"° Ag,S 5.5 x 10 3)a - "
L ' ; x 10-26 [Zn(CNYJ* 1,2 %107
Fe(OH), 1.8%x 107" 5ns 1*10 7 a e
Fe(OH); 6 x 1073 ns 25%10 [{Zn(OH)4] 3.6 x 1075
Pb(OHY), 42x107" [Zn(OH)]" 4.1 %10
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Saure- und Basekonstanten

Anhang B: Gleichgewichtskonstanten bei 25°C

B.1 Dissoziationskonstanten

Einprotonige Sduren Ks
Ameisensiure HCO,H = HY + CHO; 1.8 x107%"
Benzoesiure CgHsCO;H = H* + CgHsCO; 6,0 x107°
Blausiure HCN = H* + CN~ 40x107'0
Chlorige Saure HClO, = H" + ClO; 1,1 %1072
Cyansiure HOCN = H* + OCN” 1,2x107%
Essigsaure CH3CO,H = H™ + CH3CO; 1.8x107°
FluBsdure HF = H™ + F~ 6,7 x1071
Hypobromige S3ure HOBr = H" + OBr~ 2,1 x107°
Hypochlorige Saure HOCOl = H" + o™ 32x1078
Salpetrige Siure HNO; = H* + NO3 45x107*
Stickstoffwasserstoffsdure HN; = H* + N3 1.9% 1073
Mehrprotonige Sauren
Arsensiure H3AsO4 == H™ + H,AsO; Koy =2,5x104
H,AsO; = H' + HAsO}" Ks; =5,6x 1078
HAsO3™ = H* + AsO3~ Ksy=3x10""
Kohlensaure CO; + H,0 == H' + HCO3 Ksy =4,2x 1077
HCO; = H' + Coi” Ksy = 4,8 x 107"
Oxalsure C04H; = H* + GOH™ Ks; =59 %1072
CGOH™ = H" + 05~ Ksy = 6,4 % 107°
Phosphorsaure H3PO, = H* + H,PO; Ks;=75%103
H,PO; = H' + HPO3™ Ks; = 6,2 x 1078
HPOZ™ = H™ + PO~ Koy = 1x 107"
Phosphorige Saure H3PO; == H™ + H,PO3 Ky = 1,6 x 1072
H,PO3 = H' + H,PO3%” Ks; =7 %1077
Schwefelsdure H,S04 = H* + HSO; stark
HSO; = H' + 507 Ke; = 1,3 x 1072
Schweflige Saure SO, + H,0 = H™ + HS03 Ks; = 1.3 x 1072
HSO37 = H™ +503” Ke; = 5.6 x 1078
Schwefelwasser- H,S = H' + HS™ Ks;=1,1x1077
stoffsaure HS™ = H' +§? Ksy =1,0x 107"
Basen KB
Ammoniak NH; + H;O0 = NH} + OH~ 1,8 x107°
Anilin HsCgNH; + H;0 = HsCgNH3 + OH- 43 %1070
Dimethylamin (H30),NH + H,0 = (H3C),NH; + OH™ 54 x107°
Hydrazin NaHs + Ho0 = NoHE + OH™ 9,8x1077
Methylamin H3CNH, + Ho,0 = H;CNHY + OH™ 5,0x 1074
Pyridin CsHsN + Hz0 = GsHsNH' + OH™ 1,5 x107°
Trimethylamin {(H3C)3N + H0 = (H30);NHT + OH™  6,5x107°
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Ord: hl

1 (102.91 3

-l.n:tl Atommasse

mft‘!:.ra

&t (Allred, Rach

Nouhu»-

8 mf!gro:scazo:

1 Atomic number

2 Element symbol

3 Relative atomic mass

4 Melting point

5 Boiling va.:q

6 El gativity (Allred, Rachow)
7 Oxidations states

8 Electron configuration

1 Nomero atémico
2 Simbolo del elemento

_ 1,2,3,47

3 Peso atémico relative
4 Punto de fusion

[ Kr 4d85s1 8|

5 Punto de ebullicién
6 El gati (Allred, Rach

HSHNON e s

7 Nivelesde o!mnn.o..

8 Confi

4.0026
Periodensystem der Elemente -mwwnow
Periodic Table of the Elements —-— e
Tabla Periodica de los Elementos
1s2
10.811 12,011 14.007 15.999 18.998 20.18
5 2079|606 3367|7 -20086|8 -218.4|9 -219.62| 10-238.67
stabilstes Isotop, most stable isotope, isétopo mas estable NUNMM hwﬁnw = Ow.ﬂ <t BN%M =1 um.&—ﬂ -246.05
e B "C "N O "F "Ne
N sl 4 ) -4,2,4(-3,2,3,4,5 -2,-1 -1
Dm_u -u.—olu S 30.-“.0? i . i i He 2522p! He 2522p2| He2s22p3| He2s22p?| He2s22p5| He 2522p®
men o o_a:.o”..mo.. # Fearins; slomentos deloseriot g , 28.086 30,974 32.066 35.453 39.948
g, column u grupo 1 14 141015 " 24.1|16 "112.8| 17 -100.98 | 18 ~189.2
I of ic Ch Y. 1989 | 2355 280 444.67 -34.6 -185.7
I_thn.w:_ouuo.‘_:!ﬂa:rzgao:n_n.eﬂ\ 1970 Y mm 1.7 1 2.1 m 24 n— 2.8 >1
&
; a -3,3,5| -2,2,4,6(-1,1,3,57
s Ne3s23p2| Ne3s23p3| Ne3s23p?| Ne3s23p5| Ne 3s23pb
74.922 78.96 79.904 83.80
E 33 517|134 217|357 72|36 41566
i 613 684.9 58.78 -152.3
( As “|Se “Br “Kr
3 -3,3,5| -2,4,6|-1,1,3,57 2,4
Ar 3d104524p3 | Ar 3d104524p* | Ar 3d104524p5 | Ar 3d104524p6
127.60 126.90 131.29
, 52 249.5|53 1135|154 s
990 184.4 -107.1
Te “I “ Xe
-2,8,6(-1,1,3,5,7 2,4,6
Kr 4d105525p4 | Kr 4d105525pS | Kr 4d105525p6
°209.99 | o , "222.02
85 302|186
337 -61.8
At “Rn
-1,1,3,5,7 2
Xe 114541065269 | Xe 4f145dl106s26p

20

Rf Rutherfordium ** |UPAC Empfehlungen 1997

Db Dubnium IUPAC Recommendations 1997
Sg Seaborgium IUPAC Recomendaciones 1997
Bh Bohrium
Hs Hassium

Mt Meitnerium

14324 , . *146.92 150.36 151.96 158.93 164.93 167.26 168.93 173.04 174.97
59 60 1021|61 1168(62 1077|633 22 65 1356|/66 1412(67 1472|68 1497|69 1545|700 s19(71 1663
3512 3068 2460 1791 1597 3266 3123 2562 2695 2900 1947 1194 3395
‘q 1.1 zm_._ 1 1.1 m 1.1 mc 1.0 QE_._ dv 1.1 U 1.1 Io_._ mq 1.1 q 1.1 <T 15 | F: 1.1
3,4 3 3 2,3 2,3 3 3,4 < 3 3 3 2,3 2,3 3
Xe 43652 x.ato.n Xeaf56s2|  Xedfs6s2| Xe4f6s?|Xeaf’5d16s2| Xedf%6s?| Xedfi06s?| Xeafl'6s2| Xedf26s2| Xedfi36s2| Xeaf16s? | Xedfi4sdies?
23108 237,05 0 1°244.06 [ o 283,06 o 247,07 o 7247.07 | o 7251.08 | o 725208 ~257.18 |~ +258.10 |, <259.10 | ~ 2262.11

91 60092 27132 |93 a0 |94 24523 |95 502 |96 34097 98 99 100 101 102 103

3818 3902 3232 2607 S

Pa" U “INp“Pu"”Am’Cm"” Bk |Cf "“Es " [Fm"”|Md’No |Lr
a 4,5 3,456 w ,6| 3,4,56 3,456 3,4 3,4 3,4 3 3 3 2,3 3
Rn 6d2752 |Rn 5f26d1752 |Rn 5f6d1752 [Rn 56%6d17s2 | Rn5f7s2| Rn57s2 |Rn5f6d'7s2| Rn5F7s2| Rn5f07s2| Rn5f1752| Rn5f27s2| Rn5f137s2| Rn5f97s2| Rn5P96d'7s2

Merck KGaA, 64271 Darmstadt, Germany
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