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Data section

Tahle ) Thermadyoamic data for arganic_compannds._(all values relate to 298.15 K)
mM/ AyHE! NGO Smt7 Co,mel AJF/
(@mol=?) (ki mol~1) (kd mol~?) (J K" mol~1) (J K2 mol~2) (kJ mol™?}

C(s) (graphite} 12.011 0 0 5.740 8.527 —393.51
C(s) {diamond) 12.011 +1.895 +2.900 2.377 6.113 -395.40
COx(q) 44.010 —39351 —394.36 213.74 37.11

Hydrocarbons

CH4(9), methane 16.04 =74.81 —-50.72 186.26 35.31 —890
CHi(g), methyl 15.04 +145.69 +147.92 194.2 38.70

C.H2(%), ethyne 26.04 +226.73 +209.20 200.94 43.93 -1300
C2H4(9), ethene 28.05 +52.26 +68.15 219.56 43.56 -1411
CzHe{g), ethane 30.07 —84.68 —32.82 229.60 52.63 —1560
C3He(9), propene 42.08 +20.42 +62.78 267.05 63.89 —~2058
CiHgla), cyclopropane 42.08 ~-103.85 —23.49 269.91 735 —=2220
C4Hglg), 1-butene 56.11 -0.13 +71.39 305.71 85.65 =2717
CaHg(g), cis-2-butene 56.11 -6.99 4+65.95 300.94 78.91 —-2710
C4Hs(9), trans-2-butene 56.11 -11.17 +63.06 296.59 87.82 —-2707
CaHy0(9}, butane 58.13 =126.15 -17.03 310.23 97.45 2878
CsHy,{q), pentane 72.15 —146.44 -8.20 348.40 120.2 —3537
CsHj2(D 72.15 =173.1

CsHe (1), benzene 78.12 +49.0 +124.3 173.3 136.1 —3268
CeHe(9) 78.12 +82.93 +129.72 269.31 81.67 —3320
CaHi2(1), cyclohexane 84.16 —156 +26.8 156.5 —3902
CeHya(1), hexane 86.18 -198.7 204.3 —=4163
CeHsCH5(9),

methylbenzene (toluene) 92.14 +50.0 +122.0 320.7 103.6 —3953
C,H,, (1), heptane 100.21 —224.4 +1.0 328.6 2243

CgHy5(l), octane 114.23 —-249.9 +6.4 361.1 ~5471
CgH (1), ¥s0-0ctane 114.23 —255.1 —5461
CioHals), naphthalene 128.18 +78.53 —~5157
Alcohols and ghenois

CH3O0H{1), methanol 3204  -238.86  —166.27 126.8 81.6 ~726
CH;0H(g} 32.04 ~-200.66 —166.27 23981 43.89 =764
C2Hs0H(I3, ethanol 46.07 —277.69 —=174.78 160.7 111.46 —1368
C2H50M(g) 46.07 —235.10 —168.49 282.70 65.44 —1409
C¢HsOH({s), phenol 94.12 -165.0 -50.9 146.0 -3054

(continued)



Tahle 1 {(continued)

s AHEY e Ll Cpm A_HEY
fg mol™4  (kd mol=) Ckd mel™ (0 K72 mol™b) (0 K™ mal ™) (k) mol=1)
Carboxylic acids, hvdroxy acids, and osters
HCOOH, formic 46,03 -424.72 —361.35 128.95 99,04 —255
CH4COOHLD, ethanaic &0.05 —484.3 —389.9 159.8 124.3 —a75
CH3CO0OH{ag) &0,05 —485,76 =384 44 178.7
CH5C0: " (ag) 59.05 —486.01 —3£9.31 86.6 —6.3
CHa{COICOOHI, pyruvic a8.06 —950
CH{CHZ)2C00H), butanoic BE.10D —533.8
CH3COOCaH41Y, ethyl acetate 88.10 —479.0 —332.7 25%9.4 170.1 —2231
(COOHY;(5), oxalic G004 =827.2 117 —254
CHaCHOOHICOOH (5], lactic 90.08 —&694.0 —522.9 =1344
HOOCCHLCHRCOOHs!, succinic 118.09 —=940.5 —=747.4 153.1 147.3
CaHsCOOH{s), benzaic 122.13 =385.1 —245.3 167.6 146.5 —3227
CHy(CHy)eCODH (5], decanaic 172.27 —-713.7
CgHalsls), ascorbic 17612 —1164.6
HOOCCHLC{OH WODOHICHCOOH(=), 19212  —1543.5 —1235.4 —-1985
citric

CH3{CH;11,C00Hs), dodecanoic 200,32 =T74.6 404.3
CHs{CH214CO0H ), hexadecanoic 256.41 —B91.5
C1eHa.0:08), stearic 284,48 —447.7 501.5



Tahle 2 Thermodynamic data (all values relate to 298,15 Kh*

My AHE A Sai Cid

(g mol™1} (kJ mal™13 (kJ mol=1} {J K™ mol=1) (J K~ mol~1)
Aluminom
Alls) 26.938 L] 0 28,33 24,35
A 26,98 +10.56 +7.20 38,55 24.21
allg) 26.98 +326.4 +285.7 164.54 21.38
A3 (g) 26.98 +5483.17
Al*Flag) 26.98 -531 —4B5 —321.7
Bla0sls, o) 101.96 —1675.7 —1582.3 50.92 79.04
AlCI5ls) 133.249 —704.2 —-628.8 110.67 91.84
Argon
M) 39.95 ] y " 154.84 20,786
Antimony
Shis) 121.75 L] 0 45 .69 25.23
ShHzlg) 153.24 +145.11 +147.75 232.78 41.05
Arsenic
Asls, ol 74,92 0 L 351 24.64
Aslg) 7492 +302.5 +261.0 174.21 20,79
Asqlg) 299.69 +143.9 +92.4 314
AsHslgh 77.95 +66.44 +65.93 222.78 38.07
Barium
Bals} 137.34 ] 0 aZ.B 28.07
Balg) 137.34 +1B80 +1464 170,24 20,79
Ba®"lag) 137.34 —537.64 =560.77 +9.6
Balis) 153.34 —=553.5 —525.1 70.43 47,78
BaClz(s) 208.25 —858.6 —810.4 123.68 75.14
Eerﬂ.f.rum
Bels) 3.01 0 0 ) G50 16.449
Belg) 3.01 +324.3 +286.6 136.27 2079
Bisrnuth
Bilsh 208,98 ] 0 56,74 25.52
Bilg) 208.98 +207.1 +168.2 187.00 20.79
Bromine
Brail) 159.B2 0 L1 152.23 75.689
Bralg) 159,82 +30.907 +3.110 24546 36.02
EBrig) 79.91 +111.88 +B2.396 175.02 20.786
Br{g) 7991 —219.07
Br~{ag) 79.91 -121.55 —=103.98 +82.9 —141.8
HErig) Q0.92 —36.40 —53.45 198,740 29.142

(continuwed )



Table 2 {continued)

[0 AHEy AplzE o Comf
{g mol~1) (kJ mol™!) {kJ mal~1} (J K™Y mol™*) {J K~1 mal=1}

Cadmium
CGdis, ) 112.40 4] 0 B1.74 75.95
Cdigh 117.40 +112.01 7741 1&67.75 2079
Cd?**lagh 112.40 —75.90 ~77.612 -75.2
CdOis] 12B.40 —PEE.2 —-228.4 Bd.a 4341
CdCO4(5) 172.41 ~750.6 —Be0.4 92.5
Calciumm
Calsh 40.08 { 0 471,42 25.31
Calgh 40.08 +178.2 +144.3 154,88 0766
Ca¥*lag) 40.08 —542.83 —E553.55 —53.1
Calis) 56.08 = (3509 —&04,035 393,75 4280
CaCDsis) (calcital 10009 1206.9 —1128.8 o9 81.88
CalDsis) (aragonital 100,09 —1207.1 —-1127.8 BH.7 B1.25
CaFzls) 72,08 1219.6 -1167.3 &E.87 H7.03
Callzlsh 110,99 —795.8 =748, 104.4 72.54
(aBrais) 193,90 —RE2.4 B ER 138
Garbon (for “organic® compaunds, see Table 1)
051 (graphite) 12,011 H 0 5. 740 8,527
Cis) (diamond) 12,011 +1.89% 42000 2377 6,133
Gial 12.011 +7 1648 +0H7L.26 155.10 20.B38
Catah 24.022 +831.30 +775.89 159,47 q43.71
COi{gl 28011 —11,55 =137.17 197.67 29.14
COgigh 44,010 —1303.5] - 39436 21574 37.11
Clz{ag: 44.010 —413,B0 —385.98 1176
H,C04lan) £2.03 —£99.65 —623.08 187.4
HCO. " (ag) B1.02 ~{91.99 —586,77 F91.2
C04% " lag) &0.01 BY7T.14 —537.81 =5h.5
CClall 153.22 —135.44 —h5.21 21640 131.75
G5zl 76,14 +89.70 +65.27 151.34 78.7
HCMig) 27.03 +1358.1 +124.7 20178 35.86
HEGRL 27.03 +108.87 +1724.97 112,84 TO&S
LM~ (ag) 2602 +150.5 +=172.4 +494.1
Cesivm
Calsd 132491 a Ll B5.23 3217
Calg) 132.91 + 76,06 +453,12 175,40 20.79
Cs™lag) 132.91 —258.28 — 9702 +132.08 =10.5
Chiarine
Clalg) 0491 0 0 223.07 339l
Clig) 3545 +121.68 + 106,68 16520 21.840
Clig) A5, 45 —233.13
T 35.45 —167.16 —-121.23 +56.5 ~136.4
HiG1Eg) 3 db —qE31 —95.30 136.91 2912
FIHDET] 3. dé —167.16 =131.23 b5 =136.4

[cantined'



Tahle 2 (continued)

(g mol~1) (kJ mol~1) tkd mol=1) (K tmol™  (JK *mal 1)
Chtromium
Crish 52.00 0 0 2397 23.35
Criog) 52.00 +396.6 +351.8 174.50 20.79
Cridg®~{an) 115.99 —BB1.15 —727.75 +50.21
Cra0"~(ag) 21599 —1490,3 —1301.1 +261.9
Copper
Cuis} 63.54 0 0 33150 24.44
Culgi £3.54 +338.32 +298.58 166,38 20.79
Cu'tag) 63.54 +71.67 +49 98 +40.6
Cu**iag) 63,54 +54.77 +65.4% =998
Cuz01(s] 143,08 —168.6 —146.0 g93.14 B354
Culis) 79.54 =-157.3 —129.7 42.63 42.30
Cus0als) 159.&0 —=77L.36 —&h1.B 109 100.0
CuS0s Ha0i5) 177.62 —1085.8 —-91E.11 146.0 134
CusS0y5H-00s) 249 68 =2279.7 —1879.7 300.4 280
Deuferium
Daiglk 4.028 0 a 144,96 29.20
HD(g) 3022 +0.318 —1.464 143.80 29,196
0L00g) 20,028 —249.20 =234.54 198.24 34.27
0,040 20.028 =294 40 —243.44 75.94 B4.35
HOO0g) 1%9.022 —245.30 —233.11 199.51 33.81
HDO) 19.022 —289.89 —241.86 79.29
Fluorine
Falgl 32.00 0 H 202.78 31.30
Flg) 19.00 +7B.99 +61.91 158,75 22.74
F~{aq) 19.00 —332.63 —278.79 —-13.8 —106.7
HF{g) 20,01 —271.1 =273.2 173,78 29.13
Goid
Auls) 196.97 0 i 47.40 25.42
Auig) 196.97 +366.1 +326.3 180.50 20,79
Helium
Helg) 4.003 0 0 12615 20.786
Hydeogen (see alse deutarium)
Halg) 2018 0 L] 130,684 2B.824
Higl 1.008 +217.97 +203.25 114,71 20,784
H*{ag) 1.008 0 Q 0 -0
HoOdl 18.015 —285.83 —237.13 65.91 7E.291
Ho00g) 18.015 —241.82 —=228.57 185.83 33.558
Ho0501) 34.015 ~1B7.78 —120.35 - 109.6 B9l

{continued )



Tahle 2 (continued)

My ApH= A= S8/ C ot
{g mol™1) (kJ mol—1) (kJ mol™1) (J K™ mal™") (J K=1 mal~1)

Todine
Iais) 253.41 0 ¥ 116.135 54.44
I(a) 253,81 +62.44 +19.33 260.69 36.90
[ig) 126.90 +106.54 +70.25 180.79 20.766
[-{ag) 126.90 -55,19 —51.57 +111.3 —142.3
HIlg) 127.91 +26.48 +1.70 206.59 29.158
Tran
Fels) 55.85 0 o 27.28 25.10
Felg) 55.85 +416.3 +370.7 180.49 25.68
Fe**{aq) 55.85 —89.1 =TB.90 -137.7
Fe*+{aq) 55.85 —48.5 —4.7 -315.9
Fea04{s) {magnetite) 231.54 —=1184.4 =1015.4 146.4 143.43
FeaDals) thematite) 159.69 —g824.2 —-742.2 87.40 10%.85
FeS(s, ) B7.91 =100.0 —100.4 H0.29 50,54
Fedals) 119.95 -178.2 —1b6,9 52.93 62.17
Krypton
Irig) B3.80 0 0 164.08 20.786
Lead
Phois) 207.19 o 0 B4.81 2644
Phig) 207.19 +195.0 +161.9 175.37 20,79
PhE*{ag) 207.19 -17 ~24.43 +10.5
PhOs, yellow) 223.19 —-217.32 —157.89 68,70 45.77
Ph0(s, red) 223.19 ~218.99 —-188.93 8.5 45,51
Phiais) 239,19 —-277.4 —217.33 B8.6 &6l
Lithitm
Lits) 6.94 0 ] 29,12 24.77
Litg) h.594 +159.37 +126.66 138.77 20.79
Li*i{ag) 6.94 —276.49 —293.31 +13.4 +63.6
Magnesium
Migls) 24.31 0 0 32.68 2489
Mglg) 24,31 +147.70 +113.10 148.465 20,786
Mgt {ag) 24,31 —466.85 —454.8 —138.1
MgO{s) 40.31 —&01,70 —569.43 26.94 37.15
MaCO4(s) 84.32 ~1095.8 -1012.1 65.7 75.52
MgClais) g5.22 —£41,32 —591.79 89.62 71.38
MygBrais) 184.13 =524.3 —503.8 117.2
Mearcur
Hagtl) 200.59 0 0 76,02 27.983
Hala) 200.59 +61.32 +31.82 17494 20,786
Ho®*{ag) 200.59 +171.1 +164.40 -32.2

(confinued )



Table 2 (continued)

MY AgHE! AyGEY 550 Camd
{g mol=%) (kJ mal™1} tkd mal™1) (0 K™ maol ™) KT mal ™)

Mercury (continuad)
Hgs**ilag) 401.18 +172.4 F153.52 +84.5
Hg(s) 216.59 —a90.83 —58.54 70.29 44,06
HazClsis) 472.09 - 26522 —210.75 132.5 102
Hallals] 271.50 —224.3 =178.6 14&.0
HaSis, black) 232.65 —53.6 —-47.7 58.3
Neon
Melg) 20,18 L ] 146.32 20,786
Nitrogen
MN:(g) 2B.013 0 ] 191.61 29125
migh 14.007 +472.70 +455.56 152.30 20.786
MOlg) 30,01 +90.25 +86.55 210.76 29.844
M0l 44.01 +B82.05 +104.20 219.85 38.45
MOzlg) 46,01 +33.18 +51.31 240,06 2720
Ma0algh 92.01 +3.16 +97.59 304,29 T7.2B
MaOgls) 108.01 -435.1 +113.9 178.2 143.1
MNaleinl 10B8.01 +11.3 +115.1 355.7 B4.5
HMNO,00) 63.01 —=174.10 —80.71 155.60 10987
HNO,aq) 63,01 —207.36 =111.25 146.4 —Bb.b
MNOs~lag) 5201 —=205.0 —108.74 +146.4 —Bb.6
MHslg) 17.03 ~d4&,11 =16.45 192.45 35.06
MNHslag) 17.02 —80.29 —26.50 113.3
NHs™(ag) 18.04 -132.51 -79.31 +113.4 +79.9
MHzOH (s} 33.02 —-114.2
faHall) 32.05 +50.63 +14%9.43 121.21 139.3
MH MNDz{s) B0.04 =3565.56 —=183.87 151.08 84.1
MH4Cls) 53.49 —314.43 —202.87 Q4 &
Dxygen
O{g) 31.999 0 (K] 205,128 29,355
Olgl 15.999 +248.17 +231.73 LE1.06 21.912
Oslgl 47,998 +142.7 +163.2 238.93% 39.20
OH ™ {ag) 17.007 —229.99 —-157.24 =10.75 —1438.5
FPhosphorus _
Pis, wih! 30.97 0 o 41.09 23.840
Plg) 30.97 +314.64 +278.25 163.19 20,784
Paigl 61.95 +144.3 +103.7 218.12 32.05
Patgl 123590 +58.91 +24.44 27998 67,15
PHslg) 34,00 +5.4 +13.4 210.23 37.11
PClslgh 137.33 —287.0 —267.8 311.78 71.84
PCIs(1) 137.33 —319.7 —272.3 7171

(continued b



Tahle 2 (continued)

s A A7 r e Coml
(g mol=1) tkJ mol—1t) (kd meol=1) {J K~ mal™1) (JE Tmal1)

Phasphorus (continued)
PClsig) 208.24 —374.9 —305.0 3646 112.8
FClsis) 208.24 —443.5
HaPO4is) B2.00 —0é4.4
HaPO3tag) 52.00 —964.8
Hz:POg4is) 94,97 =1275.0 -111%.1 114.50 106,06
Haq PO} 9497 —1266.9
HsPOalan) 34,97 —1277.4 =1018.7 —-222
PO4* (ag) 94,97 =1277.4 —-1018.7 —222
Palygls) 283.89 —2984.0 —2697.0 228.B6 211.71
Palgis) 219.89 —1640.1
FPatassium
lis} 3910 ] o 64,18 29.58
klg) 39.10 +89.24 +&0.59 160.336 20.786
K+ ig) 39.10 +514.26
K fag) 3910 —252.38 —283.27 +102.5 +21.8
kOHis) 56,11 -424.76 —379.08 78.9 64,9
KFis) 58.10 —576.27 —537.75 66,57 49,04
KCIs) 74,56 —436.75 =409.14 82 59 51.30
KEris) 119.01 =393.80 —380.66 95,90 52.30
Klis) 166,01 —327.90 —324.89 106,32 52.93
Lilicon
Sifs) 28.09 ] 1] 16.83 20.00
Sidg) 28.09 +4E5 & +411.3 167.97 2228
Si0s(s, el 6009 —910.93 —B56k.64 41.84 44,43
Argls) 107.87 0 ] 42,55 25.351
Aglg) 107.87 +284.55 +245.65 173.00 20,79
Ag*iag) 107.87 +105.58 +77.11 +72.68 +21.8
AnBris) 187.78 —100.37 ~56.90 107.1 52.38
AgClis} 143,32 =127.07 -109.79 6.2 50,79
Ag,0is) ?31.74 —31.05 —11.20 121.3 B5.86
AahO5ls) 169.83 -124.39 —33.41 140,52 93,05
Sodium
Mals) 22.99 i} ] 51.21 28.24
Malg) 22.99 +107.32 +76.76 153.71 20.79
Ma*{ag} 22.99 —240.12 —261.91 +59.0 + 4.4
MalHis) 40.00 —425,61 =379.49 Bd.46 59.54
MaClis} c8.44 -411.15 —384.14 72.13 50,50
MaBris) 102.90 —361.06 —348.98 B6.82 51.38
Malls) 149,89 —287.78 —286.06 98.53 52.09

Ceantinued §



Tahle 2 {(continued)

M AgHE! AGEY Set Cam!
(g mal~1) (kJ mel™1) (I mol™1) (J K1 mol™1) {J K= mol~1)

Sulfur
(s, re) (rhombic) 32.06 ] 0 31.80 22.64
Sis, @) tmonoclinic) 32.06 +0.33 +0.1 326 236
5(g) 32.06 +278.81 +238.25 167.62 23473
Sata) 64.13 +128.37 +79.30 225,18 32.47
52 (ang) 32.06 +33,1 +85.8 =14.6
50:(q) &4, 06 —296.83 —300.19 248.22 39.87
S0sla) 80.06 —395.72 —371.06 256,76 50,67
Ha 504000 98,08 -813.9% =&90.00 156.90 138.%9
Hz504{an) G98.06 —509,27 —744.53 20.1 - 293
50,7 {ag) 96,06 —909.27 —744.53 +20.1 — 293
HS50, tag) 57.07 ~B87.34 —755.91 +131.8 —a4
Ha5ig) 34.08 —20.63 —33.56 205,79 34.23
HaS{ag) 34.08 —39.7 -27.83 121
H5 (ag) 33.072 —17.4 +12.08 +62.08
SFula) 146.05 —1209 =1105.3 291.82 97.28
Snis, @) 118.69 0 0 51.55 26.99
Snig) 118.69 +302.1 +267.3 168.49 20.26
sSn**(ag) 118.69 —8.8 —27.2 -17
Sn0is) 134,69 —285.8 —256.8 56.5 44,31
Snla(s) 150,69 =580.7 +519.4 52.3 52.5%
Kenon
HKelg) 131.30 0 0 169,568 20,786
Zine
Znls) 6537 0 o 41.63 25.40
Znlg) 6537 +130.73 +95.14 160,98 20.79
Zn*t{an) 65.37 —153.89 —147.06 —-112.1 +46
Znis) §1.37 — 34828 —-318.30 43,64 40.25

#Enrropies and heat capacities of ions are relative to H*{aq) and are given wirh a sign.



BATEZ BESTEKO LOTURA-ENERGIA (kJ-mol™)

Lotura bakunak

C—H 413 N=H 351 0-H 463 E=F 159

c=g | | i5aE Now . des b TaE gzpl oy

C-N 293 N-O 201 0-F 190 C1-Cl 242

C-0 350 N=F 272 0-C1 203 Br-F 237

C-F 485 N-C1 200 B=1  23a Br-C1 218

C=C1. - 328 N-Br 243 Br-Br 193

C-Br 276 s 9

I i e e S=F 327 1-C1 208

S e S s §-C1 253 1-Br 175
ST S O I-1 253

Si-H 323 H-Br 366 Ieplh SEas

5i-Si 226 H-1 299

§i-C 301

5i-0 3A

Lotura anizkoitzak

E=C Gl4 MN=N 418 G=0 G115
C=C B33 N=N 945 £

el 615 S5=0 3273
L=k 891 a=5 413
C=0 apa™ c=o FL7F

C=0 Y076

% wyalor para el [:l:]2





