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The energy of the universe is constant

The entropy of the universe is increasing
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Standard heats of formation of some substances ot 25 °C and 1 aim

Substance C AH; (k] /mol) Substance AH; (K] /mol} Substance AH{ (K] /mol)
Al(s) 0 HCHO,(g) —363 LiCl{s) ~408.8
AlC1(s) —704 (formie acid) Mg(s) [}
ALO(s) - 1676 HGH,O,() —487.0 MgCly(s) ~641.8
AL{SO,)(s) —3441 (acetic acid) MgClL,- 2H,0(5) —1280
As(s) 0 “Cf':n?\fﬁdeh ” ~108.6 Mg(OH),(s} —924.7
AsHy(g) - +66.4 C}({,CH ol ¥ 167 KMnO(s) ~813.4
As,Oyls) —1314 (acetaldehyde) MnS0,(s) ~1064
AsyO(s) —925 (CH,),COM) —248.1 Nai(3) 0
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Absclute entropies of some substances at 25 °C and 1 atm

'Substance 5° (J/mol K) Substance $° (}/mol K) Substance - §" (J/mol K) Substance 8§ {J/mol K)
Alfs) 28.3 HCN(g) 2018 CuSO,-5H,0(s) 3004 N,Culg) 356
AlCL(s) 110.7 CH.(g) 186.2 Fg) 202.7 HNO,() 155.6
ALO,(s) 51.0 C.H,(g) 201 HF(g) 1735 O4() 205.0
AL(SO,);(5) 239 CH (%) 220 Hig) 130.6 0y(g) 238.8
As(s) 35.1 CH(g) 230 H,O(l) 70.0 P(s, white) 41.09
AsHy(g) 223 C,Halg) 269.9 H,0(g) 188.0 P,Oy(5) 2289
As,O4s) 214 CHuelg) 310.2 H,0AD 109.6 H,PO,(s) 1105
As,O4(s) 105 CH(D 173.3 I{s) 1161 K(s) 64.18
Bafs) 66.9 CH,OH() 126.8 L(g) 260.7 KCl(s) 82.6
BaCO,4(s) 112 C,H,OH() 160.7 Hi(g) 206 Si(s) 19
BaCly(s) 125 HCHO,(g) 251 Fe(s) 27.3 SiH(g) 205
BaOs) 70.4 {formic acid) Fe,04(5) 87.4 Si0,(s, alpha) 41.8
BaS0,(s}) 132 HC,H,0.() 159.8 Fe,0,(5) 146.4 Na(s) 51.0
Br,(1) 1522  [(aceticacid) Pb(s) 648  NaF(s) 51.5
Bry(g) 245.4 'jCHOIg)h 40 2188 ppOgs, yellow) 687  NaCl(s) 72.8
HBx(g) 198.5 (C‘;;;"& (;(gy} S, PbO;(s) 686  NabBrls) 83.7
Ca(s) 414 (acetaldehyde) PH(OH)y(s) 88 Nal(s) 91.2
CaCO,4(s) 92.9 (CH.),CO0) 200.4 P_bso.(s) 149 NaHCO,(s) 155
CaCly(s) 104.6 {acetone) Li(s) 29.1 Na,CO4(s) 136
CaQ(s) 39.8 C,H,CO,H(s) 167.6 LiCi(s) 59.33 Na,O,(s) 94.6
Ca(OH),(s) 76.1 (benzoic acid) Mg(s) 325 NaOH(s) 64.5
Cay(PO)4(s) 241 CO(NH,)(s) 104.6 MgCly(s} 89.5 Na;50,(s} 149.6
CaS0, - 2H;0(5) 184 {urea} MgCl,- 2H,0(s) 180 S(s, rhombic) 18
CaS0,(s) 107 ClL(g) 223.0 Mg(OH){s) 63.1 50,(g) 248
CaS0, 1H,0(s) 131 HCl(g) 186.7 Mn(s) 32.0 S0O4(g) 256
CaSO, - 2H,0() 194 HCl(ag) 56.5 MnSO,(s) 112 H,50,(1) 157
C{(s, graphite) 5.69 Cr(s) 23.8 KMnQ,(s) 171.7 Sn(s, white) 51.6
C(s, diamond) 2.4 Cr;04(s) 81.2 N,(g) 191.5 SnClL{) 258.6
ccLd 214.4 KyCr,045) 292.5 NH;(g) 192.5 SnOy(s) 52.3
Ccolg) 197.9 Cu(s) 3315 NHD 121.2 Zn(s) 416
COug) 213.6 CuCly(s) 119 NH,Cl(s) 94.6 ZnO(s) 43.6
COy(aq) 117.5 CuOs) 42.6 NO(g) 210.6 ZnSO,(s) 120
H,CO,(aq) 187.4 Cu,S(s) 121 NO(z) 240.5
CS,() 1513 CuSis) 66.5 N,O(g) 220.0
CS,(g) 237.7 CuS0,(s) 109 NyO,(g) 304.3

Monatomig Gases

He 126 Ne 146.3 I 180.5

H 114.5 Ar 150.5 N 153

F 158.5 Kr 163.8 C 158.4 -

cl 165 Br 174,7 0 160.8

w3 X0 5o i S 538 ) sahins s LT S5 3 obie 1 3 le g ST (V2 -T) Jytom
g Sy oSt
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Free Energy and Equilibrium Constants
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Standard free energies of formation of some substances at 25 °C and 1 atm

Substance

AG{ (kJ/mol) Substance AG/ (k]/mol) Substance AG; (kK]/mol) Substance AG/ (k]/mol)
Alfs) 0 HCN(g) +124.7  CuSO,-5H,0() —1879.7  N,Osls) +115
AICL,(s) —629 CH,(g) =506 Fyg) 0 HNO,() —79.9
ALO(s) ~1577 C.Hy(2) +209 HF(g) —273 Oug) 0
AL(50,):(5) —3100 CH () +68.2 Hyg) 0 04(g) +163
As(s) 0 C,H,(g) ~33 H,0() ~237  P(s, white) 0
AsHy(g) +68.9  CiHi(g) —23 H,0(g) —228 P,0O14(5) —2698
AsOls) —1153 C.Hylg) —-17.0  H,04) —1203  HPOs) T —-1119
As,04(s) —782 CHh) +124.3  1(s) 0 K(s) 0
Ba(s) 0 CH,OH() —166 I(g) +19.3  KCls) —409.1
BaCOy4(5) —1139 C,H,OH() —175 HI(g) +1.30  Si(s) 0
BaCly(s) —810.8  HCHO,(g) 335 Fe(s) ] SiH,(g) +52.3
BaO(s) —5251  (formic acid) Fe,04(s) —741.0  SiOys alpha)  —856
BaSO,(s) —1353 HC,H,0,()) —392 Fe,0,(s) —10154  Na(s) 0
Br(l) o laceticacid) Pb(s) 0 NaF(s) ~545
Bry(g) +3.11 gfﬁg&gh a) —1025  ppogs, yellow)  —187.9  NaCl(s) —-384
HBx(g) —531 Bt O(g’; 139 TPOL6) —-219 NaBr(s) —349
Cafs) 0 (acetaldehyde) Pb(OH),(s) —4209  Nal(s) —286
CaCO4(s) ~1129 (CH,),CO() —1554 PbSOL) —B11.3  NaHCO,(s) —852
CaCly(s) =7481  (acetone) Li{s) 0 Na,COs(s) — 1048
CaOfs) —604.2 C H,CO,H(s) —245.3 LiCls) —384.4 Na,O4(s) —447.7
Ca{OH).{s) - 896.6 (benzoic acid) Mg(s) [ NaOH(s) —~379.5
Cay(PO,)5) —3852 CO(NH,),(s) —197.3  MgCly(s) =592.5  Na;50s) =1270.2
CaSO,(s) —1320 (urea) MgCl, - 2H,O5) —1118 S(s, thombic) ¢
CaS0,-2H,0(s) —1555 Clo() 0 Mg(OH),(s) —8339  S043) —300
CaS0,-1H,0(6) —1435 HCY(g) —954  Mn(s) 0 504(g) —370
CaS0, 2H,0(s) —1796 HCl(aq) —131.2  MnSO(s) ~956 H,50,(0 —689.9
C{(s, graphite) 0 Cr(s) 0 KMnO,(s) ~737.6  Sn(s, white) 0
C(s, diamond) +29  Cr0sls) —1059 Naxg) 0 SnCi(h —440.2
CClyh —653  KCrOis) —1864 NHy(g) —~17 SnO,(s) —519.6
CO(g) —137 Cu(s) 0 N;H() +1494  Zn(s) 0
COL(3) —395 CuCly(s) -131 NH,Cl(s) —2029  ZnO{s) —318.3
COL{ag) —386.02 CuOfs) —127 NO(g) +86.8  ZnSOs) —874.5
H,CO{ag) -623.16 Cu,S5(s) —862 NO2) +51.9
CS,(h +65.3 CuS(s) —53.6 NyO(g) +104
CSalg) +67.2 CuS0(s) —661.8 N0« +979
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