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Appendix B (part 1/2) : Data used for establish AH®f, 295 15k estimation model for hydrated
sulfates. (formula and all values are per one SOj).

D (ID) (I11) (Iv) V) (VD
. AHofﬁzgg‘ISK AHoh d AHodiss AHOf calc Error
Mineral Formula amol)  (hmol) "0 (krmol)  (kimol) (%)
KCuos(SO4) - 0.25H,0 | -1180.70 1 -2.42 0.25 -24.19 -1181.93  -0.10

Bassanite CaS0, - 0.5H,0 -1576.74'  -4.55 0.5 -18.23 -1584.40  -0.49
Bassanite CaS0, - 0.5H,0 -1574.65'  -6.90 0.5 -18.23 -1584.40  -0.62
Zr-Sulfate Zry5(SOy) - 0.5H,0 -1276.95'  -21.45 0.5 -104.69  -1276.90  0.00
Kieserite MgSO, - H,0 -1602.10'  -23.29 1 -91.44 -1602.15 0.00
Kieserite MgSO, - H,0 -1612.40*  -33.59 1 -91.44 -1598.08  0.89
NaMn, 5(SO4) - H,O -1540.15'  -0.89 1 -14.69 -1542.51  -0.15

KMgy5(SO4) - H,O -1675.70 ' -4.44 1 -17.59 -1675.27 0.03

KMny5(SO4) -H,0 -1559.40 ' -11.34 1 -17.69 -1552.09 0.47

KZno5(SO4) - H,0 -1518.80"'  -7.74 1 -20.99 -1515.96  0.19

KCuos(SOy) - H,O -1413.35'  -14.64 1 -24.19 -1404.45 0.63

KCuos(SOy) - H,O -1413.35" 754 1 -24.19 -1411.55 0.13

NaZng5(SO4) -H,0 -1507.10'  -4.19 1 -17.34 -1506.85 0.02

ZnS0, - H,0 -1304.49' 2778 1 -79.94 -1297.04  0.57

CdSo, - H,0 -1239.55'  -12.36 1 -51.96 -1240.20  -0.05

CdSo, - H,0 -1240.05°  -12.57 1 -51.67 -1240.41  -0.03

CuSO, - H,0 -1085.83 ' -20.56 1 -73.08 -1083.80  0.19

NiSO, - H,0 -1190.89°  -23.45 1 -89.81 -1190.35 0.05

Cobaltkieserite CoSO, - H,O -1201.53 ' -17.67 1 -77.59 -1203.57  -0.17
Szomolnokite FeSO, - H,O -1243.69'  -21.38 1 -72.04 -1240.57  0.25
Szomolnokite FeSO, - H,O -124430%  -21.99 1 -72.04 -1240.57  0.30
Szomolnokite FeSO, - H,O -1244.823  -21.86 1 -71.39 -1241.05 0.30
Szmilkite MnSO, - H,0 -1376.50 ' -17.34 1 -64.89 -1375.55 0.07
Szmilkite MnSO, -H,0 -1378.13°  -17.72 1 -63.64 -1376.47  0.12
U0,80, - H,0 214640 -7.39 1 -83.24 216020  -0.64

BeSO, - H,0 -1523.80 ' -24.69 1 -86.94 -1521.27  0.17

Li,SO, - H,0 -173550'  -5.10 1 -29.85 -1737.62  -0.12

Li,SO, - H,0 -1735.05° -4.32 1 -29.85 -1737.95  -0.17

KosAlps(SOs) -1.5H,0 | -1690.557  -14.59 1.5 -69.49 -1696.04  -0.32

Aly5(SOy) - 2H,0 -1770.57"  -35.81 2 -121.33 -1773.82  -0.18

Aly5(SOy) - 2H,0 -1771.76°  -36.23 2 -121.33 -1773.82  -0.12

Sanderite MgSO, - 2H,0 -1896.20'  -23.49 2 -91.44 -1901.97  -0.30
Sanderite MgSO, - 2H,0 -1894.90*  -22.19 2 -91.44 -1897.90  -0.16
Gypsum CaSO, - 2H,0 202263 -0.71 2 -18.23 2027.16  -0.22
Gypsum CaSO, - 2H,0 -2023.00°  -0.79 2 -18.23 202745  -0.22
Gypsum CaSO, - 2H,0 -2023.82°  -0.86 2 -18.23 202820 -0.22
Leonite KMg, 5(SO4) - 2H,0 -1973.80'  -8.64 2 -17.59 -1970.19  0.18
Leonite KMg, 5(SO4) - 2H,0 -1975.50°  -10.33 2 -17.59 -1970.19  0.27
KMn, 5(SO4) - 2H,0 -1852.70 ' -10.74 2 -17.69 -1847.02  0.31

NaZng5(SO,) - 2H,0 -1796.00 ! 0.81 2 -17.34 -1801.76  -0.32

Zicosulfate Zry5(SO4) - 2H,0 -1727.15  -30.79 2 -104.69  -172997  -0.16
BeSO, - 2H,0 -1823.14'  -30.13 2 -86.94 -1820.79  0.13

BeSO, - 2H,0 -1824.40°  -30.25 2 -85.80 -1821.56 0.16

U0,S0,- 2.5H,0 22607.101  -27.24 2.5 -83.24 -2608.44  -0.05

U0,S0, 2.5H,0 -2607.50°  -27.64 2.5 -83.24 -2608.48  -0.04

Kornelite Fey5(SOy) - 2.58H,0 -1638.73°  -18.98 2.58 -82.11 -1648.95  -0.62
Smy3(S0y) - 8/3H,0 211027'  -26.82 2.67 -70.71 -2108.11 0.10

CdSO, - 8/3H,0 -1729.40'  -12.37 2.67 -51.96 -1735.92  -0.38

CdSO, - 8/3H,0 -1730.11°  -12.79 2.67 -51.67 -1736.11  -0.35

Picromerite KMg,5(SO,) - 3H,0 -2269.80 ! -10.73 3 -17.59 -2264 .81 0.22
Picromerite KMg, 5(SO4) - 3H,0 22270733 -11.66 3 -17.59 -2264.81 0.26
KZny5(SO,) - 3H,0 2117.10"  -18.23 3 -20.99 210588  0.53

Billon AM-15-24925 Prediction of enthalpies of formation of hydrous s...



American Mineralogist: Feb-March 2015

D (1) (1) (Iv) V) (VD
. AHO£298A5K AHOh d AHodiss AHOf calc Error
Mineral Formula (Jmol))  (khmol) "2 (imol™y (kmol) (%)
Banattite  CuSO, - 3H,0 1684317 3123 3 -73.08  -1671959 028
Coquimbite  Fess(SOs) 3H;0 1765.13°  -2292 3 8201  -1772.84  -0.44
Lagx(SOs) - 3 HyO 221600'  -2052 3 -6697 221971  -0.17

U0,S0; - 3H,0 275430 -2748 3 -8324 275714 -0.10

U0,S0; - 3H,0 275529° 2847 3 -8324 275718 -0.07

U080, - 3.5H,0 290080 -27.03 35 8324  -2905.65  -0.17

U080, - 3.5H,0 2901.60° -2783 3.5  -8324 290569  -0.14

Starkeyite  MgSO, - 4H,0 249660 -36.08 4  -9144 249720  -0.02
Starkeyite ~ MgSO, - 4H;0 249730°  -4085 4 -9144 249313 0.17
NiSO; - 4H,0 210410'  -5557 4 -9043 208479 092

Rozenite  FeSO, - 4H,0 212920 2508 4 7204 213272 017
MnSO, - 4H,0 225810 -1723 4 -6489  -2266.63  -0.38

MnSO, - 4H,0 225874° 41662 4 -63.64 226736  -0.38

BeSO, - 4H,0 242375 4293 4 8694 241564 033

BeSO, - 4H,0 242575°  -4379 4 8580 241632 039

Chalcanthite CuSO; - SH,0 2279.62" 3873 5 -73.08 227221 033
Chalcanthite CuSO; - SH,0 227970% 3877 5 -73.04 227223 033
Chalcanthite CuSO; - SH,0 228047°  -4057 5 7407 227165 039
Jokokuite  MnSO, - SH,0 255310 41832 5 -6489 256247  -0.37
Alyx(SOs) - 6H,0 2959.63'  -4925 6  -12133 296626  -0.22

Alyx(SOs) - 6H,0 2961.60°  -5045 6  -12133 296626  -0.16

Hexahydrite  MgSO, - 6H,0 3087.00  -3867 6  -9144  -3090.19  -0.10
Hexahydrite  MgSO, - 6H,0 3088.06° -4380 6  -9144  -3086.12  0.06
Hexahydrite  MgSO; - 6H,0 3088.10%  -3977 6  -9144  -3086.12  0.06
Alum-K  KosAlps(SOs) - 6H,0 | -3030.90' 3237 6 6949  -3030.08  0.03
Alum-K  KosAlps(SOn - 6H,0 | -3030.907 -32.55 6 6949  -3027.67  0.03
Alim-K  KosAlos(SO9) - 6H,0 | -3033.00° 3375 6  -69.49  -3030.80  0.07
Tschermigite (NHy)osAls(SOs) -6H:0 | 2971191 -31.65 6 -69.09  -2970.90 0.0l
Tschermigite (NHy)osAlos(SOs) 6H:0 | -2973.17°  -32.83 6  -6828  -297133  0.06
Bianchite  ZnSO, - 6 H,0 2779.65° 3576 6 8228 278145  -0.06
Retgersite iSO - 6H;0 268282 -4648 6  -9043 267772 0.19
Retgersite iSO - 6H;0 268340°  -4677 6 -90.14 267788 021
Retgersite  NiSOj - 6H;0 2684417  -4745 6  -89.81 267805 024
C0S0, -6H,0 268360 3187 6 7924  -2687.86  -0.16

C0S0, -6H,0 268529° 3191 6 7759 268874  -0.13

Epsomite  MgSO, -7H,0 338871 -4647 7 9144  -338625  0.07
Epsomitc  MgSO; - 7H:0 3388.70°  -4646 7 -9144  -338625 007
Epsomitc  MgSO; - 7H,0 1339005  -51.88 7 9144  -3382.18 0.3
Epsomite  MgSO, - 7H,0 3387.70%  -4546 7 -9144 338218 0.16
Goslarite  ZnSO, -7 H,0 3077751 3761 7 7994 307847  -0.02
Goslarite  ZnSO, -7 H,0 3077502 -40.06 7 -82.64  -3077.10 0.0l
Goslarite  ZnSO, -7 Hy0 3079.14°  -4134 7 -8228  -307729  0.06
Morenosite  NiSO, - 7H,0 297633 -46.08 7 9043 297376  0.09
Morenosite  NiSO, - 7H,0 2976502 4596 7 -90.14 297391 0.0
Morenosite  NiSO, - 7H,0 2978.11°  -4724 7 -8981 297407  0.14
Bicberite  CoSO, - 7H,0 297993 3429 7 27924 298363  -0.12
Bicberite ~ CoSO, - 7H,0 208159 3430 7 -77.59 298446  -0.10
Melanterite  FeSO, - 7H,0 301457'  -2883 7 -72.04  -3020.17  -0.19
Melanterite  FeSOj - 7H,0 301430%  -2856 7 -72.04  -3020.17  -0.19
Melanterite  FeSOj - 7H,0 301651° <3012 7 7139 -3020.50  -0.13
Mallardite ~ MnSO, - 7H,0 313930 -1671 7 -6489  -315349  -045
Mallardite ~ MnSO, - 7H,0 314090°  -17.06 7 -63.64 315413 -0.42
Mirabilite  NaySOs - 10H,0 432726' 113 10 -286  -432647  0.02
Mirabilite ~ Na,SO, - 10H,0 432730% =045 10 -286  -4327.19  0.00
Mirabilite  NaySOs - 10H,0 433083° 298 10 -286  -4328.19  0.06
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Footnote added at the end of Appendix B

Colonne (I) : experimental values of AH¢29s 15k (for one SO4) for hydrous sulfates from
references (in exponent): 1- Wagman et al. (1982); 2- Robie and Hemingway (1995); 3-
Naumov et al. (1971); 4- Grevel and Majzlan (2011); 5- Grenthe et al. (1992); 6- Ackermann
et al. (2009); 7- Barin (1985)

Column (II): AH®,y4 Enthalpy of hydration of hydrous sulfate per one SOu;

Column (III): number of moles of hydration water ( per one SO.)

Column (IV): Enthalpy of dissolution (per one SO,) of anhydrous analogue;

Column (V): AH®,« Predicted enthalpy of formation of hydrous sulfate (Eqn. (26));

Column (VI): % error between predicted enthalpy of formation (Column V) and experimental

enthalpy of formation (Column I) for hydrous sulfates
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