1 Thermodynamic data

Table D1.1 Thermodynamic data for organic compounds (alf values relate to 298,15 K)

Cis} (graphite)
C(s) (dismond)
COn)

Hydrocarbons
CH,lg}, methana
CH,lg), methyl
C;H,{a), ethyne
C2H4(Q), athang
C,Hglg), sthane
CaHs{gL propense
C3Hsla), cyclopropans
C3Hzl0), propane
C,4Hglgh, 1-butene
C,Hglg), cis2-butene
CyHgla), trans-2-butene
C4Hyplol, butane
CgHyola), pentane
CgHy, )
CaHgll), benzene
CsHsla)
CeHyalh, cyclohexane -
CgH a4l), hexane
CeHsCH,la),
methylbenzene (toluene)
CyH,6ll), heptane
CgHyglh), octene
CgHygll, iso-octane
C,gHals), naphthalene

Aleohols and phenols
CHZOH{ll, methanol
CHZOHI(g}

C;HzCHLN, ethanol
C,H;OHig)

CgH5OHils), phenol

Carboxylic acids, hydroxy acids, and estors

HCOOH(, formic
CH;COOHI, acetic
CH,COOH(ag)

CH;COZ{ag)

(COOH),(s), oxalic
CsH;COOHIs), banzoic *
CH,CHIOH}COOH(s), lactic
CHyCOOC, Hyllh, ethyl acetats

My
{g mol-1}

46.03
80.05
60.08
59.05
20.04
122,13
80.08
88.11

AHeY
{kJ mok-1}

+1.895
-393.51

-74.81
+145.89
+226,73

+52.26

-84.68

+20.42

+53.30
—~103.85
-0.13
-5.99

-11.17
-126.15
-146.44
-173.1

+49.0

+82.93
~156
-188.7

+50.0
—224.4
-249.9
—255.1

+78.63

A£G
(kJ mol-H

+2.900

-50.72
+147.92
+209.20

+68.16

-32.82

162,78
+104.45

~23.49

+71.39
+66.95
+83.06

-17.03

~-8.20

+124.3
+129.72
+26.8

+122.0
+1.0
+5.4

524
(JK ' mol™1

186.26
194.2

200.94
219.56
229.60
267.08
237.55
26991
305.71
300.94
296,69
310,23
348.40

i73.3
269.31

204.3
320.7

3288
361.1

Coml
{J K mol™)

AH
tkJ mol™")

—880

~1300
-1411

-1560
2058
2081

-2220
~2717
=2710
2707
-2878
—35637

~3268
-3320
-3902
~4183

—38953

816

43.82
111.48

65.44

~396.46
-369.31

~245.3

-332.7

89.04
124.3

~6.3
17
146.8

170.1

~264
—3227
—-1344
-2231

Alkanals

HCHO(g),
CH,CHO(
CH,CHOY
CH,COCH

CaHy204!s!
CeHi204fs)
CgH;2 0415
CiaH3504,
Nitrogen ¢
CONH,),is
CH;NH, (g},
CaHgNH, {1,
CH,(NH,)Ct

———

Tahle D1.2

Aluminium
Alis)

ANy

Alig}

APPtg)
AP'aq)
AlyQ4ls, a1
AlClyfs}

Antimony
Shis)
ShH;(g)
Arsenjc
As(s; o)
As(g)
As,fg)
AsH;lg)

Balg)
Ba*!(aq)
BaC(s)
BaCly{s)
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Table D1.1 {continuead)
Mt AgH={ £GP 52/ Com/ D HY
{g mol™) {kJ mol1) {kJ mol™) (4 KV mol™} {(J K" mol-) {xJ mol-")
e R O
HCHO(g), methanal 30.03 ~108.67 -102.63 218.77 35.40 ~571
CHzCHO(IL, ethanal 44.05 -192.30 -128.12 160.2 -1166
CH,CHO(g) 44.05 ~166.19 ~128.85 2503 57.3 1192
CH3COCH,{l), propanone 58.08 —248.1 -1565.4 200.4 124.7 ~1790
Sugars ]
CgH;;050s), cr-o-glucose 180.16 -1274 ~2808
CgH,,04ls), B-oglucose 180.18 -1268 -910 212
CgHy504ls), B-p-fructose 180.16 -1266 ~2810
~395.40 & Cy,H,,04,(s), sucrose 342,30 -2222 -1543 360.2 ~5645
.............. Nitrogen compounds
COINH,},(s}, urea 60.06 -333.51 —-197.33 104.60 93.14 —G32
880 : CH3NHuigh, mathylamine 31.06 —-22.97 +32.16 243.41 53.1 1085
: 5 CgHgNH,{l}, aniline 93.13 +31.1 -3393
-1300 CH,INH,iCOOH(s), glycine 75,07 -532.9 -373.4 103.5 09,2 -969
-1411
-1660
-2058
-2091
-2220
-2717
2710 Table D1.2 Thermodynamic data (all values relate to 298,15 K)*
2707
2878 . Mf{g moi™) MHEf(kJ mol™) MGef(kd mol ) S2HJ K" mol% Cymftd K7 mol™)
_3637 e e £ r e e st n e a e eRe S et s eae it e e st ee et rnt e et eete e eateesetent ettt e e neesmneseeees ot e
Aluminium {aluminum)
-3268 Alls) 26.98 0 o] 28.33 24.35
-3320 Allly 26.08 +70.66 +7.20 39,65 24.21
-3902 . Allg} 26.98 +326.,4 +285.7 164.564 21.38
-4163 APg) 26.98 +5483.17 ,
APtaq) 26.98 -531 -485 ) —321.7
3053 AlLOg(s, o} 101.96 -1676.7 -1682.3 50.92 78.04
AlCI{s) 133.24 —704.2 -628.8 11067 91.84
SBATT s b e8RS 118 8ot es et oot ee e res ‘
5481 Argon I
-5167 Arig} 39.85 0 0 154.84 20.786
Antimeny :
~726 Shis) 121.75 0 0 45,69 26,23 '
-764 3 SbH;la) 1563.24 +145.11 +147.75 232.78 41,05 '
S13B8 L e e e eee bt em oAbt e e TR oo A2 e Rt et et e Lot s e e s e rees e eea s s e st ee et et e st e et e st !
~1409 Arsenic ‘ : |
3054 Asls, o) 74.92 0 0 : 35.1 24.64 :
As{g) 74,92 +302.5 +261.0 174.21 20.79
As,lg) 299.69 +1439 T 4024 314
-255 AsHlg) 77.95 +66.44 +68.93 222.78 38.07
B e e e ettt £e e £a et £ e e e s R AL eRbe et eEe s ek e tae bt et e e e e et e e e er et se v At AT et oAbt etee e
Barium
Bals) 137.34 0 o] 62.8 28.07
-2b4 d Balg) 137.34 +180 +146 170.24 20,79
-3227 Ba*{aq) 137.34 -537.64 -560.77 +9.6
-1344 BaC{s) . 15334 -553,5 —525.1 70.43 47.78

-2231 . BaCl,{s} 208.25 ~-858.6 -810.4 123.68 75.14
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Table D1.2 fcontinued)

Mg mol ™) AHEf (kS mol™) DG (kI mol™) S8/ K motY) Cpn/lJ K=Tmol™)
Beryllium
Bels} 9.01 0 0 9.50 16.44
Bely) .01 +324.3 +286.6 136.27 20.79
Bismuth
Bils) 208.98 0 G 56.74 25,52
Bilg} 208.98 +207.1 +168.2 187.00 20.79
Bromine
Br,(l) 159.82 0 4] 152,23 75.689
Br,ig) 154.82 +30.807 +3.110 24546 36.02
Brigl 79.91 +111.88 +82.3896 176.02 20.786
Br{g} 79.91 -219.07
Br{ag} 79.91 -121.55 -103.96 $82.4 -141.8
HBrlg) 90.92 -36.40 -53.45 198.70 29.142
Cadium
Cdis, v} 112.40 0 0 51.76 25.98
Cdig) 112.40 +112.01 +77.41 167.75 20.79
Cd%aq) 112.40 —76.90 -77.612 -73.2
CdOfs) 128.40 -258.2 -223.4 54.8 43.43
CdCO,4(s) 172.41 ~750.6 -669.4 92.5
Caesium (cesium) )
Csls) 132.91 0 0 85.23 32,17
Cslg) 132.91 +76.06 +49.12 176.60 20.79
Cs*ag} 132.91 —258.28 —292.02 +133.06 -10.5
Calclum
Cals) 40.08 0 0 41.42 2531
Calg} 40,08 +178.2 +144.3 154.88 20.786
Ca?*{aq) 40.08 -542.83 ~553.58 -53.1
Ca0(s} 56.08 -635.09 -604.02 39.75 42.80
CaCOyls) {calcite} 100.09 -1206.9 -1128.8 92.9 81.88
CaCOyls) {aragonite) 100.09 -1207.1 -1127.8 88.7 8i1.25
CaF,is} 78.08 1219.6 —-i167.3 68.87 67.03
CaCly(s) 110.99 —~795.8 ~748.1 104.6 72,59
CaBryfs} 199.90 -682.8 -§83.6 130
Carbon (for ‘organie’ compounds of carbon, see Table D1, 1)
Cis} (graphite) 12.011 0 a 5.740 8,527
Cls) {diarmond) 12.011 +1,895 +2.200 2377 6.133
Clag} 12.01 +716.68 +671.26 168.10 20.838
C,l) 24,022 +831.20 +776.89 199.42 43.21
COlg) 28.01 -110.53 -137.17 197.67 29.14
CO,lg) 44.010 -393.51 -394.36 213.74 37.11
COyfan) 44.010 -413.80 -385,28 i17.8
H,CO4{aq) 62.03 -699.65 -623.08 187.4
HCO3(aq) 61.02 —~691.99 -586.77 +91.2
CO%(ag) 60.01 —677.14 -527.81 -56.9
CCifh 153.82 -135.44 -65.21 216.40 131.76
C5,0 76.14 +89.70 +65.27 161.34 75.7
HCNig) 27.03 +135.1 +124.7 201.78 35.86
HCNU) 27.03 +108.87 +124.97 112.84 70.63
CNfag) 26.02 +150.6 +172.4 +94.1

Table

Chiori
Cl,lg)
Clig)
Cl(g}
Cl(aq)
HCl{g}
HCilag)
Chrom
Cri{s)
Cr{gl
CrO% (e
Cr,0% |

Dauterit
D, (g
HD(g)
D,0ig)
D,0(1}
HDO(g)
HDO#

Fluorine
Faloh

Flg
Flag)
HE(g)

Helium
Helg)
Hydroger
Halg)

Hig)
H*(ag)
H,0{l
H,0(g)

H, 0,1}
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Table D1.2 {continued}

Migmol)  AHkdmol)  AGImol ) SEAJKTmol G /UK mol )

Chiorine

Clata) 70.91 0 0 223.07 33.91

Cilg) 35.45 +121.68 +105.68 165.20 21.840

Ciig} 35.45 -233.13

ClHaq) 36.45 -167.16 —131.23 +56.5 -136.4

HClig) 36.46 -92.31 -95.30 186.91 29,12

HCllag) 36.46 -167.16 —131.23 £6.5 -136.4

Chromium

Crls} 52.00 0 ¢ 23,77 23.35

Crig) §2.00 +396.6 4351.8 174.50 20.79

CrO%{ag) 115.99 -881.15 —727.75 +50.21

Cr,02-(aq) 215.99 -1490.3 -1301.1 +261.9

Copper

Culs} 63.54 0 0 33.150 24,44

Culg) 63.54 +338.32 +208.58 166.38 20.79

Cu*{aq) 63.54 +71.67 +49.98 +40.6

Cu?*{aq) 63.54 +64.77 165.49 -99.6

Cu,0ts) 143.08 —168.8 -148.0 93.14 63.64

CuOis) 79.54 —157.3 -320.7 4263 42,30

CuSO,ls) 159.60 ~771:36 -661.8 109 100.0

CuS0,H,01s) 177.62 -1085.8 -018.11 146.0 134

CuS0,5H,0(s) 249.68 -2279.7 -1879.7 300.4 280

Deuterium

D,lg) 4.028 0 0 144,98 29.20

HD{g} 3.022 - 30318 —1.464 143.80 29.156

D,0ig) 20.028 -249.20 234 54 108.34 34.27

D,00) 20.028 —294.60 —243.44. 75.94 84,35

HDO(g) 19.022 —245.30 —233.11 199,51 33.81

HDO{) 19.022 -289.89 -241.86 79.2¢

Fluorine

Fylg) 33.00 0 0 202.78 31.30

Fig) 19.00 +78.99 +61.91 1568.76 22.74

F{aqh 19.00 -332.63 —278.79 -13.8 ~106.7 .

HF () 20.01 —27%.1 -273.2 173.78 _ 29.13 |

Gold [

Auls) 196.97 ] ] 47.40 25.42

Aulg 196.97 +366.1 13263 180,60 20.79 ;

|

Hslium :

Z Helg) 4.003 0 0 126.15 20.786 ‘

Hydrogen (see also deuterium}

H,lg) 2.016 0 0 130.684 28,824
Hig) 1.008 +217.97 +203.25 11471 20.784
Ht(aq) 1.008 0 ¢ 0 0
H,Oll) 18.05 —285.83 —~237.13 69,91 75.291
H,Olg} 18.015 ~241.82 ~228.57 188.83 33.68

H,0,(i 34.016 -187.78 -120.35 109.6 891




562 DATA SECTION

Table D1.2 (continued)

fodine
12(5)

I, {g}
l{g}
ifag)
Hl{g)

Felg)

Fe®ag)

Fe*ag)

Fey0,(s) {magnstite)
Fe,0s(st thaematite}
FeS(s, o)

FeS,s)

Krig}

Pbig)

Ph®(aq)
PbOls, yellow)
PbOls, red)
PbO,ls)

Lithium
Lifs)
Lifg}
Littag)

Magnesium
Mals}

Malg)
Mgz*laql
MgOis)
MaCO,is}
MgCl,(s)
MaBr,{s)

Hg?*(aq)
HgZ*ag)
HgOls)
Hg,Clyts)
HgCl,{s}
HgSts, black)

Mftg mol™")

+62.44
+106.84
~56.19
+26.48

+169.37
~278.49

+147.70
-466.85
-601.70

-1095.8
-641.32
-524.3

£,G®/ikJ mol™)

+126,66
—203.31

+113.1¢
~454.8
-569.43
-1012.1
~5681.79
-503.8

+31.82
+164.40
+153.62
—58.54
-210.76
-178.86
—47.7

S K molY)

116.135
260.69
180.79
+111.3
2086.59

Cprn/td K1 mol=1)

Potass
Kis)
Kig)
KHa)
K*aq)
KOH(s)
KF(s)
KCiis)
KBr{s)
Klis)
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Table D1.2 {continued)

Dk mol}

£8,G/{kJ mol~1)

SSHIK T mol ™

Cpm/td K= mol™

+455.58
+86.55

10420

+51.31
+97.89
+113.8
+116.1
-80.71
~i111.25
-108.74
~16.46
~26.50
-79.31

+327.3
+328.1
+149.43
-183.87
—202.87

29125
20.786
29844
38.45
37.20
71.28
143.1
84.5
109.87
—86.6
—86.6
36.06

+79.9

43.68

98.87
139.3

84.1

+249.17
+142.7
~229.99

+231.73
+163.2
-157.24

205.138
161.06
238.93
-10.75

+314.64
+144.3

+58.91
+b.4
-287.0
-319.7
-374.9
-443.6
-964.4
—964.8
-1279.0
-1266.9
—1277.4
-1277.4
—2984.0
—-1640.1

+278.25
+103.7
+24.44
+13.4
~267.8
~272.3
-305.0

=3112.3

-1018.7
-1018.7
-2697.0

41.09
163.19
218.13
279.28
210,23
311.78
2171
364.8

110.50

—222
—222
228.86

106.08

Mitg mol™

Nitrogen
N,lg) 28.013
Nig) 14.007
NOI[g) 30.01
N,Olgh - 44,01

- NO,igl 46.01
N,0,4a) 22.01
N,Qgls) 108.01
M,04(0) 108.01
HNG, () 63.01
HNO,laq) 63.01
NOj (ag} 62.01
NH,(g} 17.03
NH,laq) 17.03
NH} tag) 18.04
NH,OH(s) 33.03
Nl 43.03
HN,{g) 43.03
NyH,0) 32,05
NH,NOgls) 80.04
NH,Clis} £3.49
Oxygen
0yl 31.999
Olg) 15.999
Oylo) 47.998
OH-{aq} 17.007
Phosphorus
Pis, wh) 30.97
Pig) 30.97
P,tal 61.95
Pig) ' 123.90
PH,lq) 34.00
PClylg) 137.33
PCLl) 137.33
PClgig) 208.24
PClgls) 208.24
HaPO4ls) 82.00
HyPO4faq) 82.00
HyPO,fs) 94.97
H3PO4{) 94.97
H,P0,fag) 94.97
POY (2q) 94.97
P4O1g(3) 283.89
P,04ls) 219.89
Potassium
Kis) 38.10
Kig} 38.10
K+g) 32.10
K*ag) 39.10
KCH(s) 58.11
KF(s) 58.10
KClI{s} 7456
KBris} 119.01

Klis) 166.01

+89.24
+514.26
—262.38
-424,76
~-576.27
—438.75
~393.80
-327.90

-283.27
-379.08
~637.75
-409.14
—380.66
-324.89

64.18
160.336

+102.5

78.9
66.57
82,52
85.90
106.32

29.58
20,786

+21.8
64.9
49.04
51.30
52.30
52.93




S5/ K-"mol™)

Comn/td K7 mol ™)
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Table D1.2 (continued)
Mfig mol™?) AH®/ (k) mol™) AGEftk) mol-1)
Silicon
Sifs) 28.09 0 0
Sifg} 28.09 +455.6 +411.3
Si0,ls,00 60.09 -910.93 -856.64
Silver
Agls) 107.87 0 0
Aglg) 107.87 +284,55 +245,65
Ag*lag) 107.87 +105.58 +77.11
AgBrfs) 187,78 -100.37 —$6.90
AgCits} 14332 —-127.07 -109.79
Ag,0fs) 231,74 -31.05 -11,20
AgNO,(s) 169.88 124,39 -33.41
Sodium
Nals) 22,99 0 0
Natg} 22.99 +107.32 176.76
; Ma*{ag) 22.99 —240.12 -261.91
b NaCH(s) 40.00 425,81 ~379.49
i NaCl{s) 58.44 411,15 384,14
NaBrfs) 102.90 -361.06 -348.98
i Nal(s) 149.83 -287.78 -286.08
il e
E 5 Sulfur :
ot S(s, 0) {rhombig) 32.08 0 0
Sls, B) imenoclinic) 32.06 +0.33 +0.1
o Sigl 32.06 +278.81 +238.25
S,lg) 64.13 +128.37 479.30
; 5% aq) 32.06 +33.1 185.8
ik $0,4g) §4.06 —298.83 —300.19
e SO4lg) 80.06 -395.72 ~371,06
H,50,{) 98.08 -813.99 -620.00
H,50,(zq) 98.08 -809.27 —744.53
S0 (ag) 96.06 -9809.27 ~744.63
HS0;(aq) 97.07 -887.34 -765.91
H,S(g) 34.08 -20.63 —33.56
H,S{aq) 34.08 -39.7 —27.83
HS"[aq) 33.072 -17.6 +12,08
SFelg) 146.05 —1209 -1105.3
Tin
Sn(s, i} 118.69 0 0
Snig} 118.69 +302.1 +267.3
Sn?*(aqg) 118.69 -8.8 -27.2
Sn0(s) 134.69 ~285.8 —265.8
Sn0,ls) 1560.69 -B80.7 +519.6
Xenon
Xelg) 131.30 0 0
Zine .
Zn(s) 65.37 0 0
Znlg) 65.37 +130.73 +95.14
Zn*ag) 65.37 -153.89 ~147.06
Zn0(s) 81.37 —348.28 -318.30
* Entropies and heat eapacities of jons are relative to H*{aq) and are given with a sign.

- N

o

Clo

Ag*
Hg
Fe3+
T‘|3+ R
Cdz*
|n‘2+ .
Crét
Fez+
In®t.
S+2
In?* 4
Uty
Cr¥*.
zn'2+ .
Cd(O
2H,C
Crr 4
M n’H
Vi




