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INTRODUCTION

The rate of release and migration of radionuclides from s nuclesr waste
repository to the bilosphere is dependent on chemical interactions between
groundwater, the geologic host rock, and the radioactive waste package. For
the purpose of this report, the waste package includes the wasteform, canister,
overpack, and repository backfill.

Successful isolation of nuclear waste from the biosphere requires
predicting the behavior of a waste repository over a period of time of tens
of thousands of years or longer. To assess the svitability of a potential
repository, a complete, validated method of ascertaining the potential for
movement of radionuclides from che repository through the host rock environ—
ment is needed., Mathematical models based on an understanding of the physical
and chemical processes involved are the only tools available by which the
repository's behavior can be predicted over the long time spans and path
lengths of interest.

Chemical processes of interest include sorption (ion exchange), diaso—
lution, complexation, and precipitation. Previous reports by Benson (1980)
and White (1980) have dealt with the former two processes. Thermochemical
data for complexation and precipitation calculations are presented in this

report.

THERMOCHEMICAL DATA

Thermochemical data for 58 elements common to the radiocactive waste
package have been tabulated in two ways. In Table 1 are listed standard

free energies of formation (AG®f) of free ions, complexes, and solids.



In Table 2 are listed common logarithms of equilibrium constants (log K's)
for specfation and precipitation reactions. Unless noted otherwise, all data
are for 298.15°K and one atmosphere.

The data which were extracted from a variety of primary and secondary
references (Alwan and Williams, 1980; Baes and Mesmer, 1976; Ball et al.,
1980; Cleveland, 1970; Fuger and Oetting, 1976; Haacke and Williams, 1979;
Helgeson et al., 1978; Keller, 1971; Kuck, 1978; Langmuir, 1977; Langmuir,
1978; Lemire and Tremaine, 1980; May et al,, 1979; Nriagu and Dell, 1974;
Rai and Serne, 1978; Robie et al., 1978; Sillen and Martell, 1964; Smith
and Martell, 1976; Stoessel, R. K., 1977; Truesdell and Jones, 1974;
Urusov and Khodakovsky, 1967; Wagman et al., 1968; Wolery, 1979; Helgeson,
1978; Plummer et al., 1976; Rai et al., 1980) were not critically reviewad;
however, certain selection procedures were employed.

Free Energy Data

Solids. Most of the free energy data were taken from three compilations:
Helgeson et al., (1978), Robie et al., (1978) and Wagman et al. {1968).
In some cases, the three sources did not agree on the free energy value
assigned to a particular solid phase. In these cases, a selection hierarchy
was employed in which the order of preference was Helgeson et al., (1978),
Robie et al. (1978), Wagman et al. (1978). Free energies for aluminosilicates
were taken solely from Helgeson et al. (1978),

Free energy data for aluminum oxides were taken from May et al. (1979).
Free energies for phosphate solids, not available in Robie et al. (1978), were

taken from Nriagu and Dell (1974). Molybdate data were taken primarily from



Kuck (1978); molybdate free energies were also taken from Urusov and
Khodakovsky (1967) if unavailable in Kuck (1978). Uranium data were
obtained from Langmuir (1978) and Lemire and Tremaine (1980). Thorium data
were taken from Langmuir (1977) and plutonium data were taken from Lemire
and Tremaine (1980).

Dissolved Species. The majority of the free energy data for dissolved

species (free ions and complexes) were taken from Truesdell and Jones (1974),
Ball et al. (1980), and Smith and Martell (1976)., Data not available in
these sources were obtained from Robie et al, (1978) and Wagman et al. (1968).
If the latter two sources disagreed on the free energy value for a particular
chemical species, the value given in Robie et al. (1978) was used., Data on
aluminium species were taken from May et al. (1979). Free energy data on
chemical species not available in the references mentioned above were taken
from a variety of literature sources,

Equilibrium Constants and Gibbs Standard Free Energies of Reaction

All chemical reactions were formulated using a fundamental basis species
set (Table 3). When free energles of formation were available for all
components of a chemical reaction, data of Table 1 were used to calculate the
standard free energy of reaction (AG.°).

Basis species free energles for ten elements (Am, Cm, Gd, La, Nd, Np,
Pm, Pr, Sm, Tc) were unavailable. Therefore equilibrium constants for
reactions involving these elements were obtained by addition of reactions

from 2 single reference.



Basis species free energies of seven elements (Eu, Hf, Ru, Sn, Te, Ti,
Zr) were obtained using a known free energy value for a reaction involving
a particular basis species together with free energies of formation for each
of the other components involved in the reaction (Table 1).

When various literature sources were not in agreement on values of the
reaction free energy, a selection hierarchy was employed. The order of
preference was Ball et al,, (1978), Plummer et al. (1976), Truesdell and Jones
(1974), Smith and Martell (1976) and Baes and Mesmer (1976). For reactions
involving ion pairs, the order of selection was similar to the forementioned
except that the data of Wagman et al. (1968) were given preference over the
data of Baes and Mesmer (1976).

As a rule, equilibrium constants measured in media with ionic strengths
greater than 0.1 were not incorporated in Table 2. However equilibrium
coefficients for reactions involving Am, Ce, Cm, Np, and Zr are exceptions to

this rule (see Rai and Serne; 1978).
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TABLE 1. GIBBS STANDARD FREE ENERGIES OF FORMATION
OF FREE IONS, COMPLEXES, AND SOLIDS

SILVER
AGfo
Mineral or Aqueous Species (kcal/mole) Ref .
Ag(s) 0 16
ag” 18.422 16
Ag,S (acanthite) -9.446 24
AgSOa_ -161.3 22
Ag,50, (s) -147.82 22
AgNO, (s) -8.00 22
Ag,C04(s) -104.4 22
AgaPoa(s) -210.0 22
AgBr (bromargyrite) -23.2125 16
Agnrz' -41,2 22
Aghr,” -68.0 22
AgCl (cerargyrite) -26.2474 16
AgClz_ -51.5 22
AgI (iodargyrite) -15.835 16
AgIz— -20.8 22
agr,® -36.8 22
ag1, > -50.1 22
Agc133r3° -111.3 22
age1se, ™ -100.4 22
Ag,0(s) -2.68 22
Agzoz(s) 6.6 22
Ag,0,(s) 29.0 22
Aglow),” -62.2 22
A;zsg(s) ~10.6 2z
22

Ag25003(3) =72.7

11



SILVER (cont)

Mineral or Aqueous Species

uZSeO‘(a)
v Agzllooa(l)”

Agvoa(-)

“2“@4(’)

Ag HVO4'AgOH(s)

2
Ag,Cr0 l:(s)

ALUMINUM

Al(s)

A13+

3 A12(SO4)3(3)
A12(SOA)3'6H20(3)
AlPO4 (berlinite)
A_1F3(8)
alr??

A113(:)

Alon?*

+

1\1(01{)2

A1(0H)4

A1(0l-l)3 (gibbsite synthetic)

Al(OB)3 (gibbsite natural)

Al,0, (corundum,a)

Alo(oH) (boelmite)

Alo(on) (diaspore)

AGfo
(kcal/mole) Ref.
~-79.9 22
-178.8 22
-214.3 22
-288.6 22
-358.6 22
-153.40 22
0 13
-117.0 13
-740,8824 16
-1104.82 22
-382.7 22
-342,0354 16
-192.0 22
-71.9 22
-166.9 13
-216.5 13
-313.5 13
-276.0 13
-275.1 13
-374.824 7
-217.250 7
-218.402 7



ALWMINUM (cont)

Mineral or Aqueous Species

A1203(3,Y)

AlO2

A125105 (kyeanite)

Alzsio5 (andalusite)

A128105 (sillimanite)

AIZSIZOS(OH)h (kaolinite)

A1,5i,0,,(0H), (pyrophyllite)

2774710

BARIUM

Ba(s)

BaZ+

BaS(s)
BaSOh (barite)

Ba(HCO3)2(s)

+
3

Ba(N03)2(s)

BaNO

BaCa(CO3)2 {alstonite)
BaCa(C0, )2 (barytocalcite)
Ba0(s)

Ba(0H),,*8H,0(s)

BaF,(s)

BaCl,(s)

BaCl,H,0(s)

nac12~2uzo(-)

AGfo

(kcal/mole) Ref.
-373.4947 16
-196.8 22
-580.956 7
-580.587 7
-580.091 7
-905.614 7
~1255.997 7

0 16
-134.020 16
~109.0 22
-325.563 24
~414.54 22
-159.35 22
-190.387 16
-543.2 22
-543.0 22
-124,377 16
-667.6 22
-276.5 22
-193.7 22
~252.32 22
-309.86 22

13



14

BARIUM (cont)

o
Mineral or Aqueous Species (kcﬁgfnole) Ref.

BaBrz(s) -176.1 22
BaBrz'ZHZO(s) =-294.1 22
Ba0*8i0, (s) -368.13 22
BaO'ZSiO.z(S) -576.2 22
ZBaO'SiOZ(s) -519.8 22
ZBaO-3Si02(s) -947.2 22
BaSiF6(s) -667.8 22
BaTi.03(s) -375.8 22
BaTi0, (s) -509.8 22
BaSrTi04(s) -518.1 22
BaCr0, (s) -321.53 22
BaHnO4(s) -267.5 22
BaZrO3(s) -405.0 22
BaSe03(s) -231.4 22
BaSe04(s) ~249.7 22
BaMoO, (s) -347.6 21
BROMINE

Br -24.8540 16
CARBON

0, 2" -126.171 11



CALCIUM

Mineral or Aqueous Species

Ca(s)

C32+

CaS (oldhamite)
03804'1/2 H,0 (macro o)
Cas0,*1/2 Hy0 (micro B)
CaCO3 (vaterite)

caCo 0 (monohydrocalcite)

3°Hy
CaHg(C03)2 (dolomite)
Cang3(co3)4 (huntite)
Ca(NO,), (s)
Ca(80,),*2H,0(s)
Ca(No,), *3H,0(s)
Ca(NO,), *4H,0(s)
Cay(P0,), (whitlockite)
Ca3(P04)2(s,B)
Ca3(P04)2(s,a)

Ca, (PO, ), (0R),°

CaliPo, (s)
CaHPO, - 2H,0(s)
Ca(n,P0, ), “H,0(s)

CagH, (PO, )¢ - 5H,0(s)
CaSe(s)

CaSe0,*2H,0(s)

CaSe0,, *2H,0(s)

CaMo0, (powellite)

AGfo

(kcal/mole) Ref.
0 16
-132.299 16
-112.297 16
-343.41 22
-343.18 22
-269.0105 16
-325.4302 16
-517.980 7
-1004.710 24
-177.578 16
~293.82 22
-351.8 22
-409.53 22
-931.0837 16
~928.5 22
-926.3 22
-2859.2 22
-401.83 22
-515.00 22
-730.98 22
-2931.0 22
-86.8 22
~341.5 22
-355.4 22
-344.0 9

15



16

CALCIUM (cont)

Mineral or Aqueous Species

o

CaCl, (hydrophilite)
CaBrz(s)
CaBr2'6H20(s)

CaIz(s)

CaF, (fluorite)

Ca0 (lime)

Ca(OH)2 (portlandite)
caon”

Ca35105(s)

Ca,$i,0, (rankinite)

Ca,Ti,0,(s)
CaZrOa(s)
CaFezoa(s)

CazFezos(s)

CaTiO3 (perovskite)

0825104 (larnite)

Ca28104 (Ca~olivine)

Ca2A1231o7 (gehlenite)

Ca,A1,8i,0,, (grossular)

Ca,Fe, Si (andradite)

328140,

CaAl,Si, 0 (on)z-nzo (lawsonite)

277277
CngSiOk (monticellite)

Ca,Mg(5i0,), (merwinite)
Ca,Mgsi,o0, (akermanite)

CaTiSi0; (sphene)

A6¢
(kcal/mole) Ref.
-178.791 22
-158.6 22
-514.6 22
-126.4 22
~-280.493 24
-144.366 7
-214.725 16
-171.7 22
-665.4 22
~-899.0 22
-896.6 22
-401.8 22
-337.6353 16
-478.3843 16
=376 .4952 16
-523.7247 16
-525.7610 16
-903.588 7
~1496.967 7
-1297.479 7
~1073.628 7
-512.829 7
-1037.186 7
-879.802 7
-587.9195 16



CALCIUM (cont)

Mineral or Aqueous Species

Ca2A13313012(0H) (clinozoisite)

Ca2A13813012(0H) (zoisite)

Ca,FeAl,5i,0,,(0H) (epidote)

CaSiO3 (wollastonite)
CaSiO3 (psevdowollastonite)

CaA128i06 (Ca-Al pyroxene)

CaHgSi206 (diopside)

CaFeSi206 (hedenbergite)

012Hg5818022(0H)2 (tremolite)

CaAl,Si,0, (anorthite)

CaA12814012

CaA12814012

Ca2A1(Alsi3010)(OH)2 (prehnite)

CaAlz(A;2312010

Ca(002)2(81030l-1)2 (uranophane;

*2H,0 (wairakite)

'4H20 (laumontite)
)(OH)2 (margarite)

012002(003)3'10320 (liebigite)

CaHgUOz(CO *12H,0 (swartzite)

3)3
Ca(UOz)z(VDA)z(tyuyl-unite)

CADMIWRY

ca?*

CdS (greenokite)
Cdsoﬁ(s)
CdSO"ﬂzo(l)

CdSO"BI3 H20(l)

AGfo
(kcal/mole) Ref.
-1549.680 7
-1549.619 7
-1451.346 7
~369.445 7
-369.2531 16
—742.287> 7
~724.000 7
-639.218 7
-2770.685 7
-954.298 7
-1477.652 7
~1597.043 7
-1390.537 7
-1394.370 7
(-1189.0) 11
-1488.0 1
-1579.0 1
(-1090.0) 11
-18.5421 16
-34.8064 16
-196.65 22
-255.46 22
-350.224 22

17



18

CADMIUM (cont)

Mineral or Aqueous Species

o

Cd3(0ﬂ)4so4(u)
Cd, (0H), (50,),(s)
cdco, (otavite)
Cd,(P0,),(s)
Cdse0,(s)

Cdse0, (s)
Cdsb(s)

Cdc12(s)
Cd012°H20(s)
cdc1,°5/2 H,0(s)
Cd(OH)C1(s)
CdBr+

CdBr3-

CdBrz(s)

CdBr, *4H,0(s)

cart

3
2=
4

Cdlz(s)

CdI

cd1

Cd0 (monteponite)

2-
2

l-ICdO2

Cd(OB)a—

cdo

Cd(OH)‘z—

cdsios(a)

AGE

(kcal/mole) Ref.
-429.6 22
~-515.8 22
-160.000 16
-587.1 22
-119.0 22
-127.1 22
-3.11 22
-82.21 22
-140.310 22
-225.644 22
-101.8 22
~-46.35 22
-97.4 22
-70.82 22
-298.287 22
-33.8 22
-62.0 22
~-75.5 22
-48.13 22
-54.6140 16
-68.0 22
-86.9 22
~143.6 22
-181.3 22
-264.20 22



CERIUM

Mineral or Aqueous Species

o

Ce3+

Ce4+

CeO2 {cerianite)

Ce203 (s, hexagonal a)

CHLORINE

c1”

CHROMIUM

2-
4

Cr203(s)
2~

Cr0

Cr207

HCrO

4
c:rs(-)

CrClz(l)

CrCla(:)

CESIUM
Ca+

Cs(s)

AGg
(kcal/mole) Ref.
-160.612 16
-120.411 16
-245.072 16
-408.2075 16
-31.3743 16
-173.96 22
-251.6864 16
~311.0 22
-182.8 22
-260.0 22
-85.1 22
-116.2 22
-67.7880 16
0 16

19



COorFER

Mineral or Aqueous Species

Cuf

Cu2+

CuS (covellite)

Cuzs (chalcocite)
CuFeS2 (chalcopyrite)
CuSFeS4 (bornite)
CuSO4 (chalcocyanite)
CuSOa‘Hzo(s)

CuS0 '3H20(s)

4
CuS0,*5H,0 (chalcanthite)
Cuq(OH), 50, (antlerite)
Cu4804(0H)6 (brochantite)
Cu, (OH) 50, *H,0 (langite)
Cuz(OH)z(Coa) (malachite)
Cu,(0H),(C0,), (azunite)
CuHoOa(s)

CuSe0,(s)

Cu, (0H) ;(N0,), (5)
Cu,(P0,), (s)
CuCl(nantokite)

cuc1®

CuCl, (melanthallite)
cuc12-2ﬂ20(s)

CuBr(s)

Cultz°3Cu(0l)z(8)

Acg®
(kcal/mole) Ref.
11.9503 16
15.6597 16
-12.612 24
-20.7620 16
-44.900 7
-86.704 7
-158.296 16
-219.46 22
-334.65 22
-449.3059 16
~345.8 22
-434,5005 16
-488.6 22
-~214.204 24
-334.417 24
-195.5 21
-83.2 22
-152.75 22
=490.3 22
-28.65 22
-16.3 22
-42.0 22
-156.8 22
-24.1 22
-306.2 22



COPPER (cont)

Mineral or Aqueous Species

21

Cul(s)
Cu0 (tenorite)

Cu,0 (cuprite)
2-
2

HCqu

Cu0

EUROPIUM
Eu3+
Eu0(s)

Euzoa(s, monoclinic)

FLUORINE

F

IRON

!'ez+

Fes#

FeS (troilite)
lesz (pyrite)
FeS, (marcasite)

FeS (pyrrhotite)

Fe,8, (3-rich pyrrhotite)

AGfo

(kcal/mole) Ref.
-16.6 22
-30.568 24
-35.384 24
-43.9 22
-61.8 22
-137.20 15
-132.907 16
-371.6917 16
-67.1705 16
-18.8504 16
-1.09943 16
~24.2192 16
-38.293 24
-37.8635 16
~24.084 16
-178.9 22



IROM (cont)

Mineral or Aqweous Species

resob(-)

Fe804+

Fe(*OA)Z-

Fe3(P04)2'BH20 (vivianite)
Fe; (PO, ),0H(s)

FeMo0, (s)

FeCO, (siderite)
Fe(uo3)2+

FeCl2 (lawencite)

Fec1?*

+
2

l-‘eCl3 (molysite)

rer*

FeCl

+

2
FeBr2+

S

FeF

Fe.9470 (wustite)
FeO(s)
Fe,0, (hematite)

Feao‘ (magnetite)

re(Oﬂ)z(s)

2-

FQOZ

AGfo
(kcal /mole) Ref.
-196.2 22
-184.7 22
~364.4 22
-1046.2 14
-1510.2 14
~-233.0 9
-162.390 24
-29.1 22
-72,2208 16
=-34.4 22
-66.7 22
-79.7691 16
=77.1 22
-150.2 22
-26.8 22
-16.0 22
-58.5935 i6
-60.097 7
-178.155 7
-242.574 7
-118.5 14
-108.8 22
-54.83 22
~-90.3 16
-147.0 22



IRON (cont)

Mineral or Aqueous Species

2_
4

Fez(Oﬂ

FeOH
4+

)2

FeAlzoa (hercynite)

FeTi03 (ilmenite)

FeCrzoa (chromite)

FeSi(s)
FeSiZ (B-lebeanite)

FeSi (¢-lebeanite)

2.33
Fe3si(s)

FeSio, (fayalite)

FeSiO3 (ferrosilite)

HYDROGEN

3

o
32003

HCO

o
H;P0,
HSPQ‘(a)

u3ro‘-112 nzo(s)

H’O‘

Acg®
(kcal/mole) Ref.
-184.0 22
-111.68 22
-442.3506 16
-277.0483 16
-321.2 22
-17.6 22
-18.7 22
-14.0 22
-22.6 22
-330,233 7
-267.160 7
-140.261 16
-148.941 16
-71.685 12
-138.18 22
-56.678 16
260.34 22
-270.17 22
-273.16 12
-265.8437 16
-296.9 22
2.892 16
-180.69 22

23
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HAFNIUM

Mineral or Aqueous Species

Tl

[o]
HfO2 .
HfF4(s,-onoclinic)

HfCla(s)

IODINE

POTASS IUM

K(s)

K+

K,S0, (arcanite)
KA1(50,),(s)

K,Mo0, ()

KNO, (niter)

KC1 (sylvite)

KBr(s)

K,0(s)

Ko, (s)

KOH (s)

KA1Si, 0, (r-spar)
FA1Si,0, (max-microcline)
FA1Si 04 (high sanidine)

AGfo
(kcal/mole) Ref.
-133.700 18
-260.1042 16
-437.5 22
-215.42 22
-12.408 16
0 16
-67.5167 16
-315.4068 16
-535.3227 16
-330.1 21
-94.2983 16
-97.735 24
-90.8368 16
~77.056 7
57.5014 16
-90.5669 16
-895.374 7
-895.374 7
-293.738 7



POTASSIUM (cont)

o

Mineral or Aqueous Species (kcgcl;ﬁmole) Ref.
I(Al&“i.O4 (kalsilite) -481.750 7
KFe,(A1Si,0,,)(0H), (annite) -1147.156 7
KHga(AISi3010)(OH)2 (phlogopite) -1396.187 7
KA12(A18i3010)(0H)2 (muscovite) -1336.301 7
K2(V02)2(V04)2 (carnotite) --1097.0 11
MAGNESIUM
Mg(s) 0 16
ug2* -108.700 16
MgS(s) -81.7 22
MgSO, (s) -279.8 22
MgS0, *H,0(s) ~341.5 22
HgSOa'Gﬂzo(s) -629.1 22
Mgso, * 74,0 (epsomite) -686.2428 16
Hg3(P04)2(s) -845.8 22
MghoO, (2) -309.7 21
MgCo, (magnesite) -245.658 7
ngco3-3nzo (nesquehonite) ~-412.035 24
MgC0,*5H,G (landsfordite) -525.7 22
Mg (OH),(C0,), *4B,0 (hydromagnesite) -1401.687 24
ng(on)zco3-3nzo (artinite) ~613.8494 24
ughco, " (unionized) -250.3 22
H(,.(Oﬂ)z(CO:’):,':ile(l) -1100.3 22

lt(ma)z(l) -146.818 16



MACMESIIM (cont)

Mineral or Aqueous Species

Mg(X0,),°6H,0(s)
HgClz(s, chloromagnesite)
u3012-uzo(s)
MgCl,"2H,0 (s)

MgCl, *4H,0 (s)
MgCl,-6H,0 (s)

MgF, (sellaite)

MgBr, (s)

HgBr2'6H20(s)

HgIz(s)

MgV,0, (metavanadate)
Mgzvzo7 (pyrovanadate)
MgTi03 (geikilite)
HgTiO3 (metatitanate)

MgTi (s)

295

Mg TiO4 (orthotitanate)

2
Mg0O (periclase)
Mg(OH)2 (brucite)
mgon"*

HgHz(s)

MgAl,0, (spinel)
MgCr,0, (picrochromite)

MgFe (magnesioferrite)

2%
Mg,Si(s)

HgCuz(n,B)

AGfo
(keal /mole) Ref.
-497.3 22
-141.440 16
-~205.98 22
- -267.24 22
-388.03 22
-505.49 22
-255.9904 16
-120.4 22
-491.4 22
-85.6 22
-487.43 22
-632.24 22
-354.7732 16
-354.8 22
-565.7 22
~489.2 22
-136.086 7
-199.646 7
-149.8 22
-8.6 22
-517.006 7
-398.9195 16
-314.7715 16
-18.0 22
-8.1 22



MAGNESIUM (cont)

o
Mineral or Aqueous Species (kcfl;‘/‘.-ole) Ref.
MgCd(s) -3.71 22
Hng3(s) -4.71 22
Hgacd(s) -5.14 22
HgNiz(s) ~12.9 22
Mgzsioa (forsterite) -491.564 7
Mg,Al,(A18i 0, .) (cordierite) -2061.279 7
Mngla(AISisols)'Hzo (hydrous cordierite) -2121.350 7
Mgsio3 (enstatite) ~348.930 7
Mg,8ig0,,(OH), (anthophyllite) -2715.430 7
Hg3si205(01-l)4 (chrypotite) -964.871 7
H3483i34085(0H)62 (antigorite) -15808.020 7
Mg3Si4010(0H)2 (talc) -1320.188 7
HgsAl(AISi3010)(OH)8 (7 =-clinochlore) -1957.101 7
HgSAl(AISi3010(OH)8 (14 =-clinochlore) -1961.703 7
Mg, Si 0,5 (OH), (OH,),(OH,), (sepiolite) -2211.192 7
MgZUOZ(CO3)3'18H20(bay1eyite) -1894.0 1
MANGANESE
Mn(s,q) 0
Mn(s,Y) 0.34 22
MaZ* -54.4933 16
MnS (alabandite) -52.178 24
HnSOl'(s) -228.806 16
Mn, (PO, ), *8H,0(s) -870.9 14

HnHPOA(s) -332.5 22
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MANGAMESE (cont)

Mineral or Aqueous Species

HnMoOa(s)
MnCO, (rhodochrosite)

HnHCO3+

HnCl2 (scacchite)
HnCl+

HnClz'HZO(s)

MnCl '2H20(s)

2
Mn012'4H20(s)

HnCl3—

MnO (manganosite)
Mno, (pyrolusite)
Mn,0., (bixbyite)

Mn 0, (haussmanite)

4
2_
4

Mnon™*

MnO

MnO

Mn(ou)3
ansioh (tephroite)

MnSiO3 (rhodonite)

MOLYBDENUM
MoS, (molybdenite)
M0, (s)

HoOS(a)

86£°
(kcal/mole) Ref.
-260.6 21
-195.045 24
-196.0 22
-105.279 16
-86.7 22
-166.4 22
-225.2 22
~340.3 22
-148.2 22
-86.740 24
-111,171 16
-210.580 16
-306.5903 16
-106.9 22
-119.7 22
-96.8 22
-177.9 22
~-389.5065 16
-297.1035 16
-71.0858 16
-127.403 16
-159.669 16



MOLYBDENUM (cont)

Mineral or Aqueous Species

2-
MoO4

Mo3Si(s)

H MoOh(s)

2

NITROGEN

NO3

AMMONIUM

+
NHA

Q
NH4OH

NH, V0, (s)

NH, H5(s)

NH, AL(SC, ), (s)
NHAAl(SOA)Z.IZHZO(S)
(NHA)ZSOA (mascagnite)
NH, NO,, (ammonia niter)
RH,C1 (salammoniac)
NHABr(s)

RH, Br,(s)

N, BrI,(s)

NH, F(s)

NHAHFZ(S)

NHAI(s)

NH413(3)

AGfo
(kcal/mole) Ref.
-199.82 9
-23.0 22
-216.4 9
-26.6491 11
-18.9907 16
-63.04 22
-212.3 22
-12.1 22
~487.2 22
-1180.21 22
~215.506 16
-43.9300 16
-48.7036 16
-41.9 22
-45.1 22
-45.3 22
~-83.36 22
-155.6 22
-26.9 22
-28.6 22
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AMMONIUM (cont)

Mineral or Aqueous Species

NHAICIZ(S)

NH4ICI4(5)

NH IBrz(s)

4

NH,

(NH4)ZSiF6 (s, hexagonal)

13:012(s)

(NH4)281F6 (s, cubic)
H6(NH4)3A15(P04)8'18H20(s)
NH4H2P04(5)

NH4HSe(s)

SODIUM

Na

Na+

Na2804'10H20 (mirabilite)
Na M004(s)

2
NaAlCO3(OH)2 (dawsonite)
NaN03(s)
NaCl (halite)
NaC1°
NaF (villiaumite)
Na3A1F6 (cryolite)
Nazo(s)
NaOH(s)

NaAl(Si03)2 (jadeite)

AGfo
(kcal/mole) Ref.
-55.5 22
-59.2 22
-46.9 22
-52.0 22
-565.38 22
~565.40 22
-3863.9 22
-289.33 22
-5.6 22
0 16
-62.5956 16
-871.5440 16
-323.6 21
-426.8619 16
-87.7517 16
-91.807 A
-92.740 24
-130.573 16
751.6527 16
-89.883 7
-90.7388 16
-679.445 7



SODIUM (cont)

AGfo

Mineral or Aqueous Species (kcal/mole) Ref.
NaCazngaAl(Alzsi6022)(01-1)2 (pargasite) ~2847.168 7
NaAlSi206'H20 (analcime) -738.098 7
NaAl1§i,0, (dehydrated analcime) -674.989 7
NaAlSi:’O8 (low albite) ~886.308 7
NaAlSi308 (high albite) -884.509 7
NaAlSiOA (nepheline) -472.872 7
NaAlz(AIS13010)(OH)2 (paragonite) -1326.012 7
NaZCaU02(003)3~6H20 (andersonite) -1351.0 1
NICKEL
NI 0 16
 Tha -10.8987 16
NiS (millerite) -20.6004 16
Ni352 (heazlewood) ~47.1009 16
NiSOA(s) -181.6 22
Ni504'6ll20 (retgersite) -531.6783 16
N14(OH)6SO4 (s) ~518.1 22
Ni, (0H)4(50,), (s) -815.0 22
NiCO3(s) -146.4 22
Nig(P0,),(s) -562.4 22
NiClz(s) -61.9097 16
mclz-znzo(-) -181.7 22
N1c12-4u20( s) -295.2 22

NiGlz'6H20(l) -409.54 22
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NICKEL (cont)

Mineral or Aqueous Species

NiFZ(s)
NiF,-4H,0(s)
NiO (bunsenite)
NioH®

NI(OH), (s)

N1Fe204 (trevorite)

OXYGEN

OH

LEAD

Pb(s)

pb2*

PbS(galena)
PbSOA(anglesite)

PbSOA'PbO(s)

Pbso4-2rbo(s)

PbSOh'SPbO(s)

PbHoO4 (wulfenite)
PbCO3(cerrusite)
PbO'PbCO3(s)

PbC1, "PbCO, (phoagenite)

2

+*
PbNO3

PbClz(cotunnite)

AGfo

(kcal/mole) Ref.
~144.4 22
-378.0 22
-50.573 24
-54.4 22
-106.9 22
-232.5382 16
-37.6023 16
0 16
-5.8317 16
~-23.115 24
-194.353 24
-246.7 22
=294.0 22
-341.2 22
-227.4 9
-150.370 24
-195.2 22
-227.6 22
-33.9 22
-75.0557 16



LEAD (cont)

Mineral or Aqueous Species

PbCl3

sz(ou)3c1(s)
pbcr*

PbBrz(s)

3
2-
4

PbSe (clausthalite)

PbI

PbI

PbSeOa(s)

2PbC1 -Nﬁac1(s)

2
PbSiO3(s)

Pb,5i0, (s)

PbO (litharge, red)
Pb0 (massicot, yellow)
Pb02 (plattnerite)
Pb304 (minium)

Pb0-1/3 Hzo(s)

HPbO,
Pb(OH), ()
Pb(OR),"

Pba(OH)42+
pba(ou)aa’
muﬁton)sl‘+

Pb(Hm04)2'3Pb0(s)

Acfo
(kcal/mole) Ref.
-101.9 22
=-252.55 22
-39.3¢9 22
-62.60 22
-47.5 22
-60.9 22
-24.2775 16
-120.7 22
-201.49 22
-253.86 22
-299.4 22
-45.2204 16
-45.0700 16
-51.4613 16
-143.728 16
~63.7 22
-80.90 22
-108.1 22
-137.6 22
-212.4 22
-223.8 22
-430.3 22
-393.0 22
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PROSPHORUS

Mineral or Aqueous Species

3-
PO,

PALLADIUM

Pd(s)

paZ*

PdS(s)
PdSz(s)
Pdks(s)
PdClz(s)

PdBr3_

2-
4

2-
6

PdIz(s)

PdBr

PdBr

PLUTONIUM

Pu3+

p*

+
nﬂa%)

2+
Pu(304)

o
Pu(804)2

o
PuOZSO4

Acf°
{kcal/mole) Ref.
-243.5469 16
0 16
42,2 22
-16 22
-17.8 22
-16.0 22
-29.9 22
-48.8 22
-76.0 22
-80.1 22
-15.0 22
-38.0 22
-40.7 22
-138.3 12
-115.1 12
{-321.0) 11
-300.9 11
-484.9 11
-363.3 11



PLUTONIUM (cont)

Mineral or Aqueous Species

Puo, urok(s)

2
Puoz(uroh)z(s)

+
P“Oz(“zmt.)

Pu(ﬂP04)2+

Pu(HPO,),°

Pu(HPOh)az-

Pu(l{POa)ah_

Pu(H2P04)2+
2+

PuCO3

. 2-
PuO, ( Co, )2
PuF3(s)

Pth(s)

puc1®*

+
Pu0201

P002F3

2-
PquFa
hex-Puzoa(s)
Puoz(s)
Pu(OH)a(s)

Pu(0R), ()

AGfo
(kcal /mole) Ref.
-458.4 11
-673.5 11
~456.5 11
-393.2 11
-668.3 11
-941.7 11
-1215.0 11
-411.8 11
-296.8 11
-453.6 11
-354.2 11
-402.5 11
-148.0 11
-212.0 11
-193.3 11
-256.0 11
-330.5 11
~404 .6 11
-475.9 11
-381.0 11
-238.5 11
-277.7 11
-340.8 11

KL



PLUTOWIUM (cont)

Mineral or Aqueous Species

PuOZ(OII) (amorphous)
Puoz(on)z(-)
Pu(on)2*
Pu(om)>*

2+
Pu(on)2
Pu(on),*

o]
Pu(on)4
Pu(on)5

+
PO,
2+
Pu0,
Pqu(OH)+
2+
(Puw0,), (OH),
+
(Pu02)3(0H)5

o
Pu020H

Ra(s)
Rasoa(s)
Ra(ma)z(s)

Rac12-2n20(-)

Acf°

(kcal/mole) Ref.
-252.4 11
-289.4 11
~-184.1 11
(~171.1) 11
(-225.3) 11
(-278.0) 11
(~-328.9) 11
(-378.1) 11
(-203.2) 11
-180.9 11
-229.9 11
-463.9 11
-796.6 11
-246.7 11
-134.2 22

0 22
-326.4 22
-190.3 22
-311.4 22



RUBIDIUM
AGfo

Mineral or Aqueous Species (kcal/mole) Ref.
Rb(s) 0 16
Rb* -69.7216 16
SULFUR
S(s) 0 16
s 20.5067 16
sof' -177.971 16
ANTIMONY
Sb,S, (stibnite) -41.4603 16
szsaz' -23.8 22
Sb(0H) ,F* (undiss) -173.2 22
SbC1, (s) -77.37 22
SbBr, (s) -57.2 22
sbo* -42.33 22
Sboz- -81.32 22
$b,0, (s) -190.2 22
Sb,0 (s) -198.2 22
Sb‘o6 II (s, cubic) ~303.1 22
Sb‘O6 I (s, orthorhombic) -299.5 22
Sb(0H) 4 (s) -163.8 22

-13.2 22

sztea(s)

3



RUTHENIUM

Mineral or Aqueous Species

Ru4+

Ru(OH)22+

SELENIUM

SILICON

SiO2 (o and B quartz)

SiO2 (cristobalite)

SiO2 (tridymite)

SiO2 (coesite)

Sio2 (stishovite)
Sio2 (glass)

Si.O2 (chalcedony)

SiO2 (amorphous)
Sioz°
H‘Sio,.( s)

AGfo
(kcal /mole) Ref.
55.891 15
~51.0 22
30.83 16
-88.4 22
-105.5 22
10.5 22
5.3 22
-98.36 22
-108.1 22
-204.646 7
-204.89 7
-204.066 16
-203.541 7
-191.880 16
-203.288 16
-204.276 7
-202.892 7
-199.190 25
-318.6 22



SILICON (cont)

Mineral or Aqueous Species

.. 0 .
H45104 (undiss)

H38104
2~

H25104

H25103(8)

.. 0 .
H25103 (undiss)

HSi(OH)6-

. [s] .
H281(0H)6 (undiss)
HZSIZOS(!)

H651é07(!)

sipez'

TIN

Sn2+

Sn II (s, grey)

SnS (herzenbergite)

2+
4

snFt

SnSO

SnOHCl'Hzo(s)
SnO2 (cassiterite)
sno(on)*

Sn(Ol-l)2 (s, precipitated)

AGfO
(kcal/mole) Ref.
-314.7 22
-299.18 11
-281.31 11
-261,1 22
-258.0 22
-414.6 22
-428.1 22
-464.5 22
~579.8 22
-525.7 22
-7.137 18
0.03 22
-25.0234 16
-173.1 22
-80.1 22
-155.0 22
-124.260 16
-113.3 22
-117.5 22



STROMTIUM

Mineral or Aqueous Species

Sr(s)

Sr2+

SrS(s)

SrS0, (celestite)
SrHP04(s)
SrHoOA(s)

srco, (strontianite)
Sr(NOa)z(s)
Sr(NO3)2‘4H20(s)
SrBrz(s)
SrBrZ'HZO(s)

SrBr '6H20(s)

2
SrClz(s,a)
$rC1,'H,0(s)
Sr012-2H20(s)
Sr012-6H20(s)
Sr0(s)

svon’
SrSiOa(s)
s:sio4(s)
SrTi03(s)
s:rio4(s)

SrZrOa(s)

Acf°
(kcal/mole) Ref.
0
-133.709 16
-107.2 22
-320.435 24
-403.6 22
~345.1 2]
-275.470 24
-186.206 16
-413.65 22
-166.326 16
-228.1 16
-519.7 16
-186.7 22
-247.7 22
-306.4 22
-535.67 22
-133.928 16
~-172.4 22
-370.4 22
-523.7 22
-379.64 22
-520.7 22
-402.2 22



TELLURIUM

Mineral or Aqueous Species

Tez-

TeOz(s, tellurite)
Te(om),"

TeSe(s)

THORIUM

a-Th(s)

m**

Thor>*

Th(on), "
Th(on),,*
Th(0H),°
Thz(on)z6+
Th4(03)88+
Th6(OH)159+
Tho, (8)

Th02(s, thorianite)

The"*

2+
ThF2
+
3
o

4
ThFa(s)

ThF

ThF

dcg®
(kcal/mole) Ref.
50.655 24
-64.6200 16
-118.6 22
26.0 22
10
-168.4 10
~220.7 10
-272.3 10
(-322.5) 10
-373.5 10
-441.8 10
-1098.3 10
-1810.6 10
-273.2 10
-279.35 10
-246.70 10
-322.52 10
-396.2 10
-468.2 10
-478.3 10

41
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THORIUM (cont)

Mineral or Aqueous Species

ThFh'Z.SHZO(s)

he13*

2+
ThCl2

+
ThCl3

ThCl4°
ThCl4(s)
Th8042+
Th(s0,),°
Th(804)32—
Th(SOa)44—
3+

TthPO4

2+
Th(uzpoa)2

TITANIUM
Ti(s)
T13+
TiBr3(s)
TiBr, (s)
TiCl,(s)
TiCl,(s)
TiL, (s)
TiR,(s)
TiO(s)

TiO2 (rutile)

AGfo
(kcal/mole) Ref.
(-624.7) 10
-201.3 10
-232.3 10
-264.8 10
-295.6 10
-261.6 10
-353.8 10
-537.6 10
-716.6 10
-891.8 10
-444.9 10
-720.9 10
0 16
~73.929 17
-136.408 16
~140.9 22
-156.431 16
-111.0 22
~-88.8 22
-19.2 22
-122,.685 16
-212.583 16



TITANIUM (cont)

Mineral or Aqueous Species

TiO2 {anatase)
T1203(s)
Ti305(s,a)

T1407(s)

URANIUM

U3+

u**

u(so4)2+
u(so4)2°
uozso4°
uozcoa(s)
uozco3°
uoz(co3)22'
uoz(c03)34'
(00, ), (20, ), (5)
(UOZ)Z(HPO4)2(S)
UOZHP04°

vo, (#po, ), %"
vo, (1,p0,)*

[»]
“°z(“zP°a)z

Uoz(H2P04)3
U(HPOA)Z‘QHZO(S)

2+
UHPOa

AGfo
(kcal/mole) Ref.
-211.114 16
-342,7110 16
-553.8745 16
-767.9651 16
-114.9 12
-126.9 12
-312.4 12
-496.2 12
-409.7 12
-373.1 12
-367.6 12
-503.3 12
-635.5 12
~1237.0 12
-1008.0 12
-499.5 12
~773.7 12
-501.9 12
~775.6 12
~1048.0 12
~910.9 12
~403.7 12
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URANIUM (cont)

Mineral or Aqueous Species

AGfo
(kcal/mole)

Ref.

u(Heo,),°
U(HPO4)32-
U(HPO4)44_
UF,(s)

UF,*5/2 H,0(s)

ve3t

st

uozFaz'
vo,c1”
o, (s)
B-UOZ(OH)Z(S)

vo '2H20(s)

3
Y-U0,4(s)
a-Uaos(s)
UAog(s)
viom>*

2+
u(ou)2

-677.6
-949.8
-1221.0
-428.3
=575.6
-162.0
-206.0
-281.3
-354.9
-428.5
-498.1
-568.6
-302.1
-374.5
-445.3
-514.1
-261.5
-246.61
-333.2
=-390.1
-273.9
-805.4
-1022.0
-183.0

-237.0

12

12

12

12
12

12



URANIUM (cont)

o

Mineral or Aqueous Species (kcﬁgfnole) Ref.
u(om,* ~290.0 12
u(on),° ~342.0 12
u(ou)s' -392.0 12
u02+ -231.5 12
u022+ -227.7 12
vo, (om)* -276.5 12
(vo,), (0w, 2* -561.2 12
(vo,) (o) * -945.3 12
(U02)3(0H)7' -1038.0 12
Uoz(ou)2° -324.8 12
USiOA (coffinite) (-452.0) 11
Uozsm(on)a+ (~537.0) 11
VANADIUM
v(s) 0 16
v -57.8 11
voZ* -106.7 22
v02+ -140.3 22
voa' -187.3 22
vo,>" ~214.9 22
v,0.% -411.0 22
vo(s) -96.6107 16
v203 (karelianite) -272.2400 16

v20~(a) -315.1188 16



VARADIUM (cont)

Mineral or Aqueous Species

Vzos(’)
V305(s)
V407(s)

HVO

o .
V02H02 (undiss)

vo(on)23+

+
V02H202

Hv2073'
Hv,0,”
Hvloozas—
H2V100284_

vc12(s)
VCla(s)

vosoh(s)

agg®
(kcal/mole) Ref.
-339.2531 16
~434.0 22
-591.0 22
-233.0 22
-244.0 22
-253.67 22
-111.41 11
(~163.2) 11
(-212.9) 11
-155.65 11
-178.1 22
~125.1 22
-178.4 22
-428.4 22
-445.5 22
-1935.,0 22
-1940.0 22
-96.9601 16
-122.227 16
-282.6 22



YTTRIUM

Mineral or Aquecus Species

v

Y,0, (s, cubic)
YH, (s)

Yﬂa(s)

v, (om,**
YF,(s)

va?*

YCl -6H20(s)

3
Y(OH)2c1(s)

Y(OH)5c1(s)

vBr2*

Y2(804)3(s)
Yz(504)3°8H20(s)

2+
0,

YZ(CO

N
3)3(5)
YZn(s)
Yan(s,a)
YZn3(s)
YZn4(s)
YZnS(s)
YZ“ll(’)

Y22n17(s)

AGfo
(kcal/mole) Ref.
-165.8 22
-434.1800 16
-27.8 22
-33.2 22
~425.5 22
-393.1 22
-198.7 22
-592.1 22
-297.9 22
-609.3 22
-191.6 22
-866.8 22
-1332.1 22
-192.4 22
-752.4 22
-18.4 22
-31.4 22
-35.6 22
=40.2 22
-46.4 22
-67.7 22
-131.3 22
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ZINC

Mineral or Aqueous Species

Zn2+

Zn0 (zincite)

Zn(OH)Z(s,Y)
Zn(0H), (s,B)
Zn(OH)z(s,a)
Zn(0H),

Zn(OH)az—
Zn(0H)C1° (undiss)
Zn, (0H),C1(s)
ZnBr'

ZnBr

2

ZnBr '2H20(s)

2

ZnBra_
Znl”

ZnIz(s)

ZnI3

ZnS (sphalerite)
ZnS (wurtzite)
Znso4 (zinkosite)
ZnSO4'HZO(s)

Zn504'6H20 (bianchite)

AGf°

{kcal/mole) Ref.
-35.1960 16
-76.5958 16
-91.85 22
-109.26 22
-132.38 22
-132.31 22
-132.68 22
-165.95 22
-205.23 22
-113.0 22
-251.0 22
-59.2 22
-74.60 22
-191.1 22
-107.3 22
-43.5 22
-49.94 22
-69.7 22
-81.3 22
-47.947 24
-44.810 24
-208.301 16
-270.58 22
~555.5382 22



ZINC (cont)

Mineral or Aqueous Species

ZnS0, * 7H,0 (goslarite)
ZnO'ZZnSOA(s)
an(OH)ZSO4(s)
2“5(0“)8(“03)2(3)
ZnCo, (smithsonite)
ZnHoaa(s)

ZnSe(s)

ZnSe04°H,0(s)

anTiO4 (Zn-Ti spinel)
ansio4 (willemite)
ZnFezoa(s)

ZIRCONIUM

Zr4+

Zer(s)

ZrF, (B, monoclinic)

ZrC14(s)

ZrSiO4 (zircon)

AGfo

(kcal/mole) Ref.
-612.4885 22
-492.1 22
-351.4 22
-624.4 22
-174.850 7
-243.3 21

-39.0 22
-189.5 22
-366.6432 16
-363.9904 16
-254,2 22
-138.39 18

-30.8 22
~432.6 22
=-212.7 22
-458.6257 16
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TABLE 2. EQUILIBRIUM CONSTANTS FOR SPECIATION AND PRECIPITATION REACTIONS AT 298.15°K AMD 1 BAR

SILVER

Reaction

Ag(s) = A;+ +e
A Sacanthite) + 41,0 = 285" + 30,7 + 88" + 8¢

Agts® + 4m,0 = Ag® + 90,7 4+ 0B" + 8™

Ag(ns),” + 81,0 = ag” + 280,27 + 188" + 16e”

Ags™ + 4m0 = Ag® + 50,7 4 8" + 8e”
agns,” + 80 = ag* 4 250, %" + 178" + 16e”
A;SOA- - A;+ * sobz°
“zsol.(') -2ag" 4 sol.z‘

AgNO,(s) = agt + %o,
o + -

Ao, = ag* + Mo,

Ag,CO,(s) + 208" + co32'

3-
4

Agdr(bromargyrite) = ag* + Br~

Ag,P0,(s) = 3a8" + PO

Agir® = ag’ 4 ar

aghr,” = Ag" + 280
unraz' -agt e o3
Anr"' aag’ +anc”
Agl(iodargyrite) = ag* + 1~
TS WY o

g1, = agt o+

st
nay,
ASFAm00n) = Ag" + F o an0
agr’ = agt +
AgCl{cerargyrite) = ag* + €1~
agel® = g’ + 017

acl,” = agt 2007

A.cl;‘ - ag* 31”

ucl‘a' -agt sac”
agC1,me = ag® + 3017 o 3"

- A;’ + 31

3- . "+ . ar

A.curf' =agt + 017 e
A.zo(-) em’ - u;’ + 00
2,0, (a) + 48"+ 207 ~20g" + mpo

-13.51
-69.67
—47.66
-85.68
~39.36
-76.18
-1.28
~4.91
0.167
0.29
-~11.05
-15.92
-12,30
~4.24
-7.27
-8.70
-9.0
-16.02
~-6.6
=10.56
~13.20
=13.85
0.55
=0.36
=-9.75
-3.27
~5.26
-5.29
=5.51
-7.88
-9.45
12.58
60.93

Ref.

3
3

18(20°%,0.1)

18(20°,0.1)

19



52

SILVER (coat)
Reaction
A5,0,(s) + 68" + 4e” = 248" + 3M0
AgoR® + H* = Ag® + M0
Aglom),” + 28" = a5+ 20,0
Ag,Se(s) + 3H,0 = g’ -+ s.olz’ + 60" + 6e”

+ 2=
A;ZSQOS(I) 2Ag +Se03

Ag,5¢0,(3) + 25" + 2¢7 = 2Ms" + 5e0,27 + W0
+ 2-

g M0, (8) = 24g" + Mo,

AgVO,(s) + H)0 = ag’ + vo‘3' + 20"

Ag,Hivo, (s) = 2agt + vob3' +
Ag,Hv0, *AgOH(s) = 35" + ¥0, ¥ + w0

A

AR,Cro, (o) = 24g" + cro, 2"

AR, Te(a) = 288" + Te?”

ALUMINUM
Al(a) = A 4 3e”

3 2-
AL,(50,),(s) = 241" + 350,

ALy(50,),°6H,0(s) = 241°*

+ 3+ 2-
AISO‘ = Al" + 90‘
- 3+ 2-
AI(SO‘)Z = AT+ 2!)4

+ 380 + 6!20

* 3+ 2-
AIOIISO‘(-) + N =AlT o+ so‘ + llzo

+ 3+ 2-
AL (0R) (90, (a) + 100" = 441" + 30,7 « 1080
ALRO, (barlinite) = 1% « 0"
AlLyG) =A™« T
»

Alll(t) = Al

U PARE

art =

et e

3+

Alli

LA
S eantan? «»u,o

2 . snt - Al * Izo

= A7 . 4

Al!)z
AlOW'
Al(ﬂ)! e’ -Al + Wm0
AI(OI)‘ * ll - ll * llzﬂ

AL,0,(x corendun) + 60" = 207" + M0

Log K
118.9
12.0
24.00
-94.63
-15.50
20.77
-11.6
~54.62
-81.04
~104.32
-11.94

-71.7)

85.78
19.817
2.317
-3.02
-4.92
-3.23
22.7
-22.84
60.35
-17.25
-17.02
=5.740
=-12.750
-19.720
24.601
4.969
10.158
22.150
21.415

Ref.

18

20

20

20



ALUMINOM (cont)

Reaction
. + 3+
uzoa(-,y) + 6N 2417 + 3l20
AL(0m), (synthetic gibbeite) + 38" = 13" + 31,0
AL(0) ,(aatural gibbaite) + 38* = A1%* + no

AL(0H) , (amoTphous) + wt =t 3,0

AL10(OH)(boehmite) + 3H* = A13* + 28,0
3+

A10(0H) (diaspore) + 35" = a13* + m,0

AL,Si0,(andalusite) + 61" = 2A17" 4+ 5i0,° + 38,0

ALySi0, (sillimanite) + 6H* = a3t . $i0,° + 38,0

2
ALSiO (kyanite) + 68" = 241%" + 5i0,° + 3,0

2
- 1. + 3+ s o
A1281205(0H)a(klolxn1:e) + 60 = 2417 + 28102 + SHZO
: . * 3+ -]
AIZS).aOm(OH)z(pyrophyl1:|.l:¢) + 60 = 2A17" + 4510, + 4H,0

AMERICIUM

hz+ - hl++ . 2e

P

m(s) = A 4 he”

A-o; + 4l s e man Sty 20,0

A-Dzz* ol +2e” = antt s 28,0

amoR? + uh = At e O+ e

MatoH) (s) + 30" = An®" 4+ 30,0 + &

An(om) (s) + 4H" = A"+ 4n)0

Am0,OR(s) + SHY + &~ pmtt 4 34,0
3

Amo, (ON), (2) + snt + 2¢ = pa*t 4 41,0
sa0, () + 45" = st o 21,0

G R e e

MmC1
<t et e

ALY AR R
A i Ly

= XORY RS T
A-naz‘ =2t e w0, e
e - -
hl)‘ A+ ao‘ +*Q

= - 2~ -

h(l)‘)z |+ 1!)‘ ‘e

uaro‘z* =-aa* o rof‘ vt ee

Log K
22.390
8.089
8.749
10.359
9.609
8.764
16.596
16.960
1€.326
7.446

1.081

-11.29
-41.0
80.0
21.0
48.0
-35.1
-18.6
3.84
1.7
34,29
~6.23
-42.2
-4b.4
—%7.1
=51.24
-56.11
-41.26
= .68
-45.03
~63.03

53

20

15
15
15
i5
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15



BARTON
Reaction
2a(s) = 3a?* + 2¢”
2+ 2- + -
m(n)+l.lzo-l. + %0, + 8 + B
3480, (varite) = 3" + 30,
o _ 2 2% 2-
nas0,” = 3a®* + 30,
BeCO (vitherite) = 3t . cozz'
o 2+ -
saco,’ = 8a®* 4+ co,
Ba(BCo,) (s) = a?* 4 200,%" + 20*
Bavo,” = 3t +m0,”
l.(log)z(l) Ba“ o+ 2!03
o 2+ -
Ba(%0,),° = Ba”* + 200,
BaCa(C0,), (alstonite) = 22t « ca?t + 2co32’
BaCa(CD,), (baryrocalcire) = Ba?* + ca?* 26032'
Ba0(s) + 25" = BaZ* + 1,0
pao® + H' = 3aZ* + H,0
Ba(oH),*8R,0(s) + 26" = Ba®* + 1000
BaF,(s) = 22+ 2"
5-c1 (s) = Bn +2¢1”
2ac1’® = Ba?* + 1™
i - 5 4 201
BaCl,"H,0(s) = Ba®" 4+ 2¢17 + W0
BaCL,-2H,0(s) = Ba* + 2017 + 21,0
BaBr,(s) = BaZ* + 2mc”
BaBrz 2H, 0(!) = Ba + 2B + 7520
Ba0-5i0,(s) + 21t = 3a%t 4 §i0,° + H0
Ba0-25i0,(s) + 21" = Bt 4 2810, + 1,0
2820°5i0,(s) + 4H" = 28a2* 5i0,° + 20,0
240-3810, (s) + 4H" = 2847 4 35i0,° + 21,0
BaSir (s) + 21,0 = Bt +6r + 8i0,° + 40"
BaTio (s) + 657 + & = Ba?* + 117" + 30,0
BaTiO (s) + BH® + 3¢” = Ba?* + 117" + 4,0
BascTiO (s) + BH' + & = T 48,0
r0 (s) = P VLA crol.z‘
Bata0, (s) + 4" = ra?t + ot e 4m,0
BaZro(s) + 61" = 1t e 3,0
2-

Base0y(s) = Ba?" + 500,

-8.30
-2.78
-20.66
0.97
-2.25
~1.0
-17.99
-17.84
48.62
13,39
24.34
-5.97
2.25
€0.13)
0.82
0.19
5.59

15.95
9.44
44.56
23.29
~32.93
1.600
-55.087
36.855
~9.93
108.30
27.45

-6.58

Ref.

13
18
18

18

18

18



BARIUM (comt)

Reaction

BaSe0, (s) + 2+ 26 = patt 4 8.032- + N0

300, (s) = 3a?t 4 uoo,.z'

Bait0, () = PPGAIE g yof'

CALCIIM

Ca(s) = ca?t + 2¢”

Cas(oldhamite) + 4H,0 = ca?t 4 so:' +8ut + 8e

Cas0, (ank irite) = ca?* + sobz'

Cas0,*1/2 H0(macro ) = ca?* + soaz' + 1210
Cas0,*1/2 H,0(micro B) = cat 4 soaz' Y. ] H,0

2, sobz' + 200

CJSOA°2H20(gypsu-) = Co 2
CaCO3(arlgonite) = Clz* + 0032-

Caco, (calcite) = ca?* + 0,7

CaC0, (vaterite) = ca?t 4 0032_
caco,® = ca?* + co,”
CICO3'Hzo(lonohydrocalcite) = an+ + 0032‘ + B0
Calg, (C0,), (dolomite) = ca?* + ug?" + 20,2
CaMg,,(€0,), (huntite) = ca”* + 3ug”" + 4c0,”"

2

canco,” = ca®* + W'+ cosz'

() = ca?* 4 280,

CI(N03)2
0 . a2t -
CI(N03)2 Ca”” + 2N03

caro,” = ca?* + vo,”

3
2+ -
CA(NO3)2 2H20(s) = Ca®" + 280, + M0
. = gt -
CI(N03)2 3H20(!) Ca” + 2“03 + 3“20

2+ -
c;(NOa)z szo(n) = Ca”" + 20, + 4HO

- 2+ 3-
CIPDb = Ca" + PDA
CIS(POA)z(Hhitlockite) = 3Ca

2\ 20,5

2+ 2P043-

3-

2+ 3-
+ ZPDL

Caa(POA)z(s,B) = 3Ca
CI3(P04)2(:,0) = iCa
Calipo, (s) = ca?* + 1" + PO,
canro, © = ca®t + u* + ro‘:"
AEE RS A

CalPo, -28,0(s) = Ca’*

c-ﬂz!oh’ = Ca 3-
+H ro‘a' + 28,0

Legx
21.55
-10.09

~19.71

96.99
-21.07
4.62
-3.52
-3.35
-4.85
-8.22
-8.35
-7.73
-3.15
-7.54
-18.06
-30.52
-11.33

5.88

-6.46
=-34.53
-32.63
-31.02
-19.05
-15.05
-20.93

-18.91
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20
18
18

18

18

20
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CALCIMM {(cont)
Reactiom
. - ca2t + 3-
c.(lzro,,)z IzO(l) Ca® + 4N+ 2P0, + M0
2+ + 3-
c's'z(mb’s'“z"(') =8Ca" + 20 + 670, + snzo
o * . 2+ 3-
Ca, (20,3 (0m),° + 26" = 10Ca”™ + 670, + znzo
Cag(P0,),08(hydroxyapatite) + B = 5ca®* + 30, > + 28,0
Cag(P0, ),F(fluoroapatite) = scaZt + smf' + ¥

oy 2+
c'9.496".0.36“‘0.1kb(’°4)4 B(COJ)I 2F5.48(FCO, apatite) = 9.496Ca

+ 0.36Na+ 0.144Mg + 4.8P0, 7 + 1.200,2" + 2.48F

&4 3

Ca,Fe(P0,), *4H,0(anapaite) = 2ca?* + 72 + 200,>" + 48,0
CaFe(P0, ), (0H), "8H,O(mitridatite) + 2H' + 2¢” = ca®* 4 2me® 4 zpo,." + 1080
CaFe, (OH)g (PO, ), -7H,0(Foucherite) + 8H" + 4e” = Ca’* + 4re’® + 200, + 1500
CaSe(s) + JHZO = c.z’ + 53032- + 6H' + 6e”
Case0;2H,0(s) = Ca?* + 500,% + 2m,0

. + - - calt 2-
caSeO4 2H20(c) +2H + 2e ca” + Se03 + 3520
CaMoD, (povellite) = ca?* + Ho{)l.z-
cacl, (hydrophilire) = ca?* + 2017
CaBr,(s) = caZ* + 280"

. - 2’ =
CaBrz 6H20(u) Ca® + 2Br + 6H20
caz,(s) = ca? ¢ 21"
CaF, (fluorite) = caZt + 25
caF* » ca®t 4 F
ca0(lime) + 21" = caZ* + 1,0
ca(om), (portlandite) + 2H" = caZt + 21,0
caon” + 0" = ca®* 4 5,0
CaFe,0, (s) + 80" + 20" = c.z +* 2Fe * 4520

2+
c;zb‘e205(u) + 108" + 2¢” = 2ca%t + 2Fe +5H20
Cazr0,(s) + 6H" = ca®t v . 34,0
CaTiO, (perovskite) + 6B + ¢~ = CaZ" + 133" 34,0
Ca,Tiy0,(s) + 148° + 2¢7 = 3ca?* + 21i%* + 71 ,0
Ca,AL,Si0, (gehlinite) + 108" = 2¢a%* + 217" + 5i0,° + 5uzo
Ca AL 81,0, (grossular) + 120" = 3ca®* + 213" + 3510,° + 68,0
CaAL,Si0 (Ca-Al pyx.) + 8" = ca?* + 2017 + 5i0, + 4B,0
CaAL,Si, 0y (anorthite) + 80° = ca®* + 207" + 25i0,° + 4m,0
Cla!e 513 lz(lﬂdtldltl) + lZH +2 = JClz + 2!'¢2 + 3!10 + 6H20
2+ 2+

CaFeSi,0 (htdmber;ln) +&n" + Fe* + 23:.0 + 20,0

Logx
-40.26
-93.80

28.17
-40.35

-54.53

-114.4
-34.14
-27.24
-25.14
-26.49

~5.46
25.90
-8.71
11.92

17,16

22.52
-10.16
-0.94
32.71
22.68
12.67
43.31
78.67
28.54
=0.171
32.919
56.88
52.47
36.59
27.19
54.81
17.35

Ref.

14
14

14



CALCIDM {cont)
Reaction
Caig$io, (monticellite) + 45 = ca?t 4 mg?t $i0,° + 2m,0

> d

C-3Ht(sio,.)z(uninite) + 88" = 3ca? + ch' + 28i0,° + 4,0

2 ')
Ca,Mg8i,0, (akermsaize) + 6u° = 20a7* + ug?* + 28i0,° + 30,0
Calg5i 0, (diopside) + an® = ca?t + 2t 4 zsioz° + 20,0

2+ in O
+ 5102 + 2520
- P + 2+ i ©
C125104(Cl olivine) + 4B = 2Ca“ + 5i0," + 2H20

Ca,5i0, (larnite) + 4" = 2¢a

. + 2+ :n O
Cn35105 + 60 = 3Ca” + 5102 + 3320

Ca 51,0, (rankinite) + 65" = 3ca®" + 5i0,° + 38,0

CISiOJ(wollnltonite) + 20" - c.2+ + Sioz° + Hzo
ClSiOa(pleudouolllntonite) + 28" = ca?t 4 s.iozu + Hzo

CaTiSi0, (sphene) + 61" + e = ca?t 4 1?4 5i0,° + 38,0
CaAL,$i,0,(0H), * H,0(launonite) + BH' = ca?* + 2017 + 2610, + 6H,0
CahL,$i,0,, 20, Ousirakite) + 81" = Ca®* + 2413 + 45i0,° + 6,0
CaAL,Si 0, ,4H,0(laumontite) + 8H' = ca?t + 2m% 4 4510, + 81,0
CaAl,(AL 51,0, )(OH) ) (margarite) + 148" = ca* + 4a1>* + 25i0,° + B8R0

Ca,AL,5i,0,, (OH) (clinozoisite) + 138° = 2ca%* + 3A1%* + 35i0,° + M0
3+

Ca,Al,85i,0,,(0H) (zoisite) + 138" = 2caZ* + 341

in O
95143049 + 35102 + 74,0

2

Ca AL, Fesi 0 (OH)(epidote) + 131" + ™ = 2ca?* + 201%* 4+ pe?* 4 3510, + 78,0
. . * 2+ 3+ «n O
Ca,A1(A15i,0, )(OH), (prehnite) + 108" = 2ca”" + 241°* + 35i0,° + 68,0
. . + 2+ 2+ im O

012Hg5518022(Oﬂ)z(trenollte) + 14H 2Ca”" + S5Mg” + 85102 + BHZO
Ca(U0,),(V0, ), (tjuyamunite) + BH' + 4e~ = cat 4 20" 4 zv043' + 4H0

. fakd ot + - - 2+ G+ 2-
c-zuoz(c03)3 10H20(11eb1g1te) +4H + 2 2Ca° + U+ 3c03 + lznzo

N . + - en2t 2¢ 4+ 2-
Caltglo, (C0,),*12H,0(swartzite) + 4H' + 2¢” = Ca”" + Mg”* + U™* + 300,%7 + 14m,0

2+ 44

ca(Uoz)Z(SiOJOH)z(uranPhnne) + 140" + 4e” = ca?t 4 20* . zsioz° + anzo

CADMIUM
cd(@) = ca?* + 2e-

CdS(greenckite) + 4RO = ca?* + 5042“ + 80 + 8e”
cans® + 4n,0 = ca?* + 50,7 + oB” + 8¢

cd(us)2° + 8H,0 = ca®* 25062' + 188" + 16e”
catus),” + 128,0 = ca® 4 3soa2' + 218 + 264e”
ca(us), 2" + 168,0 = ca’* + 450, 2" + 368" + 32¢

- 2+ 2-
c:dso‘(-) cd” + 80,

Log X
29.85
68.55
45.39
21.07
39.16
37.67
73.84
48.62
13.73
13.87
-9.140
22.81
18.68
14.25
42.33
44.16
44.20
44.29
33.51
61.85
(=34.74)
-27.75
-28.66

35.85

13.59
-47.66
-43.78
~77.39

-119.54
-155.34
-0.10

57
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CADMIWM (comt)
Reaction
o 24 2-
Cds0,” = Cd™" + 30,
2~

. - ca??
Cds0, "N, 0(s) = C&™" + S0,° + W0

2+ 2~
€ds0, -8/3 nzo(-) =cd” + 30,7 + 8/3 1,0
+ 2+ 2-

Cda(m),.so,.(-) + 48 = 3Cd”" + 4H,0 + S0,

+ . 24+
CdS(OH)z(SOb)z(S) + 20 3cd™" + 20,0 + zso‘

+ 24+ 2=~
Cd‘(05)6504(l) + 6H = 4Cd + 6!20 + 504
2- 2+ 2-
Cd(sol.)2 = Cd° + 2504
. 2+ 2-
Cdcoz(otlvxte) =Cd” o+ 003

[} 2+ 2~
Cch3 cd” o+ CO3

cd(co,),* = ca®* + 3c0

cdnco,” = ca®* + nco,”
3 3
+ 24+ -

cano,” = ca®* + wo,

2
Cd(ﬂ03)

2-
3

o . + -

2 cd” + ZIIO3
- 2+ 3-

Cda(POQ)z(l) 3cd” + 2P04

z_

3

+ = o gt 2-

CdSeOA(s) + 2H + 2e Ccd® + SeO3 + HzO

CdTe(s) = ca?t + Tez-

2+

Cdse0,(s) = ca?* + se0

casb(s) + H,0 = cd®* + sbo® + 20" 5¢”

’)
car* = ca®* + ¥
Car,(s) = ca?* + ¥

o 2+

2
caclt = cd

cdF,° = ¢d“” + 2F

2+ sl

cacl,(s) = ca®* + 201"
cdc1,’® = ca?* + 2c1”

cacza' = C

CdClaz- e cd”” + 401"
. 2
cdcl, *,0(s) = €d

a2t + 301"

+ 201 + 0

2+

CdC1,°5/2 Ha0(s) = €d°" + 2C1” + 5/2 B0

CA(OR)CL(s) + H* = ca?* + c1™ + H,0

cdtomc1® + B* = ca®* + c1” + B0

canc® = ca® + nc

Cdbr,(s) = ca®* » 280"

canr,” = cd?* + om”
24

Gdbry” = €a”" + k) T

Logk
-2.46
-1.66
-1.88
22.51

6.69
28.4
-3.5

-11.21

=5.4

-6.22

-1.72
-1.95
3.51
7.40

-2.17

18

18

18



CADMIUM (comt)
Reaction
cdlrkz - Cd + 4B
2+ -
cdlrz'blzo(-) =Cd" + 20 + klzo
car’ » ca®*

cdL(s) = ca?* o+ 21
o 24

cdr,’ = ca” + 21"
cd1,” = ca®* + 317
cd:kz' = ca?* + 41"

. + 24
Cdo(monteponite) + 2H = Cd“" + B0
cdo, 2 + an* = ca® + 28,0
HCdo,” + 31" = ca?* + 21,0
caton® + u* = ca®* + w0

)
Cd(OR), (amorphous) + 20" = ca?t + 21,0

Cd(0R) (crystalline) + 20 = ca?* + 21,0

cd(on),® + 25" = ca?t .+ 20,0

cacom),” + 3u* = cdz’ + 38,0

cacom), 2= 4 48" = ca?t 4 41,0
3* "‘ 2+

cd, 0H = 264** + w0
4e + 2+

Cd{.(oﬂ)b + 4H = 4Cd + lono

cdsioy(s) + 28" = ca®* » 510, + ,0

CERIUM

34

Ce(s) = Ce”" + 3¢”

celM +e = Cea’

Ce,Sy(s) + 128,0 = 2ce3* » 350,
ceso,* = ce3t + so‘2

e S L 2-
ce(sok)z Ce” + 250‘

« ce3*t 3-
Ce!O‘(a) Ce” + !0‘

cero,” = ce3t » rob"
TS

c.nzro‘ Ce” + PO‘

. Ces’ + no3‘

+ 26"

C¢l03

k3 -
cer?* = ce™t 4 ¥

cec1?* = e + o1”

cuoz(cerinnite) cant v e mce?t mo

2 4 2E + 2e”

4.6
5.4
15.11
46.85
32.99
10.08
13.73
13.65
20.35
32.97
46.88
9.39
32.76
7.49

117.75
29.47
~72.32

59
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15
18

15
18
18
15
18



CERIM (cont)

Reaction

+ 3+
Ce203(l) + 60 = 2Ce” + 38,0

ceon™ s u* = ce®* + w0

ceon? + Bt 4 e =t 4 1,0

I+

+ 24,0

iy 24 + " -
Ce(OH)2 +2H +e Ce X

3+

Ce(0R)(s) + " =cedt s 38,0

6+ + - k13
Cez(oﬂ)2 +2H + 2e 2Ce™ + 2520

+

Cez(ou)35’ + 20"+ 2¢” = 2ce™ 4 30
4+ +* - k3
Cez(OH)‘. + 40 +2e = Ce + 4H0
4+ + 3¢
Cez(Oﬂ)2 + 20 = 2Ce” + 2H20
4+ + I+
Cea(oﬂ)5 + 5H = 3Ce” + 5H20

CURIUM

Cua’ = Cna’ + e

Cm(a) = C-a’ + be”

cwz’ v4it s mcatt s 2M,0
L2+ al” + 2¢7 = 0 4 200

cmonZ* Y

Cm0,

+n’-c-’¢uzo¢e'
cu(or),” + H* = ot s 20,0 + o

cnC12* = catt 4 C1” + &

cof? = cat +F 4 e

car,” = ot e 2 4 e

C-F3° acatt e+ e

cmsz* “catt s w00 e

caso,” = o't + sol‘z' +e
cult 20, 2% = ca®* 4 20" + 20, %" 4 o
car0,® = cu'* + 20,77 4 &

CHROMIDM

2
&

- 2- * .
°"z°3(') + 50,0 = 200, " + 100 + Ge

ot . 4m0 = cro, %" + ax' e 307

2- 2- +
orzo, + lzo - 20!0‘ + 20

Log X

60.89
8.3
28.27
29.17
20.77
55.34
54.84
55.44
15.5
33.45

-52.40
64.75
45.63
79.46

-49.00

=43.3

-52.58

~55.74

=55.74

-61.48

=52.97

~34.26

-74.32

-72.6

-67.08
~137.21

~14.49

Ref.

15

15

15
15
15
15

18

15
13
15
15

15

15
15
15
15
15

17



CBROMIUN (cont)

Reacztion
Hero, "~ W'+ c:oaz'
B,Cr0,° = " - c:oaz'
cron?* + 38,0 = cr0, 2"+ + 3¢
cetom),” + 2m,0 = €ro, 2" + 6R" + 3¢
Cr(oH)y(s) + B,0 = Cr0, 2™ + 5H' + 3¢”
Cr(om),® + H,0 = €r0, 2" + sH" + 3¢
Cr(or),” = €r0, 2" + 4K + 3¢
cry(om,** + 6n,0 = 20r0, 27 + 148" + 6e”
cry(om), > + 81,0 = 300, 2" + 206" + 9¢”
CeF? + a0 = €r0, 77+ 4 o' 4 3¢
CrFy(s) + 48,0 = c:oaz‘ + 3F + BH' + 3¢
CrCl,(s) + 4,0 = €r0, 2" + 2017 + 8H" + 4e”
CrCly(s) + 4n,0 = €r0, 2" + 3¢17 + 88" + 3¢”

CESIUM
ca(s) = cs* + o

o + -
CuNo3 = Ch + NO3

+

csCl® = ¢cs* + c1”

CaBr® w ¢s* + Br”
cs1® = Cs* + 17

Cs,0(a) + 20" = 2c8" + 0

CsOH(s) + H' = cs* « H,0

COPPER

Cu(s) = Cu2+ + 2e

cut = cu?t + o

CuS(covellite) + 41,0 ~ cu?* + 50,2

z+‘soz—

0 = 2Cu %

Cuzs(chllcocite) + Anz

2+

cu(us),” + 128,0 = cu®* + 350‘2‘ + 20" + 24

2

2% +, s
(:uu.9 Cuy o S(blaublei I) + kﬂzo = ]1.1Cu
2

24

+ *, s 2+ -
c“ﬂ.ﬁ (:uo.a S(blavblei I1) + ilzo 1.4Cu” + l)‘

2+ + sqs 2+ 2= + -
Cup.25 Cvy ¢ S{amilite) + 4,0 = 1.75Cu”" + 30,7 + W+ 9.5e

+ -
+ 30 + Be

+ 38" + 10e”

61

Logx Ref.
-6.48
-6.28 2
-63.16 18

~56.40 18(25°,0.1)

“54.91 13(25°,0.1)

-49.08 2
-39.68 2
-129.10 2
-193.09 2
~72.28 18
-81.55
-55.06
-54.86
49.70
0.10 23
-0.50 23
(-0.03) 23
(0.03) 23
124.41 23
149,54 23
~11.48
-2.72
-56.46
-73.92
=126.74 3
~58.31 3
~63.06 3
-69.57 3



62

COPPER (comt)

Reaction

Cuo_OGGZ'Cul_s63’s(djurlci:e) + 40,0 - 1.93cu?* + ,o‘z- + 8n* + 9.868¢

2 2-

* . 280
2-

CuFeS,(chalcopyrite) + 8,0 = cu®* + ve

+

Cusresa(bornite) + 168,0 = scu?t + re?t 4 480,

cus0,® = cu* .+ soaz‘
2+ 2-

Q-Soa

. - ault 2=
CuSOa HZO(!) Cu” + SO,‘ + “20

CuSOa(chllcocylnite) = Cu

Cuso, *3H,0(s) = cu? + 50,2 + 38,0

Cus0, - 5H,0(chalcanthite) = CuZ* + 50,27 + 5,0
2+, soaz' + 2e

€u,050,(s) + 20 = cu? + 50,77 « W0

5
Cu,(OH), 50, (antlerite) + 4i* = 3cu* + 50,2 + 40
fuy (00, 50, % Hy

Cuzsoa(s) = 2Cu

Cu, (OH)(S0, (brochantite) + 6B° = 4cu’® + 50,7 + 61,0

Cu, (0H) 450, H,0( Langite) + 6" = 4cu®® + 50,7 + 7m0

2+, o.zssobz' + 1.58,0

CulOR) | (50,) ,(s) + 1.50% = cu ,

4°0.25
Cuy (PO, ), (a) = 3cu?* + 200, %"
+ 3-
+ 2P06 + 3820
3-

. 2
Cu (PO, ), *3H,0(s) = 3Cu

-] 2+ +
CuHPOL Cu +H + P°4
+ 2+ -
CuNO3 = Cu” + N03

LA ZNOS-

Cu, (OH) ;(NO, ) () + 30" = 2cu

Cuco,” = cu?t o co32'

2, c032'

.y 2- 2+
c“(COJ)Z = Cu”" + 200,
u2

Cu(M0,),° = cu

2+ -
+ 3520 + N03

CuCOa(I) = Cu
2~
* + 1t + 0o

+ . 2-
CulCo,” = C A

Cu,(0H), (CO, )(malachite) + 20" = 26u”* 2

+€0,%" s 2m0
Cu (0H),4(€0,), Cazurite) + 28" = 3cu®* + 260,%" + 2,0
Cutto0 (3) = Cu?* + wo0, %"

- rul? 2~
cuCro, (s) = cu®* + cro,
24+ 2-

3
Cure0,(s) + 4n* = cu®* + rt + w0

CuFe,0, (s) + 38" + 2¢” = cu?t + 2re?t

coar® = cul* 4+ ac”

CuSeDs(n) = Cu” + Se0.

+ 6I20

Cube(e) = Cu* + Br™ + o~
Cudr,*3cutom) (o) + 6a" = dcu’* ¢ 20" + Gu,0

+ 168" + 16¢”

+ 3"+ 36e”

Log K
-72.61

-102.05
-250.09
-2.31
2.94
-2.54
-3.89
-2.64
~-7.39
11.53
8.73
15.32
17.21
3.82
-36.79
-35.12
=15.55
-0.5
0.4
9.25
~6.73
-9.63
-9.83
-13.03
-4.40
~11.51
-8.31
=5.44
~7.67
1.35
31.8¢9
-0.03
-10.93

15.35

Ref.

3
18(259,0.1)
18

18

18



COPPER (cont)

Reaction Log Kk
cuc1® = cu?* + c1” -0.43
CuCl(nantokite) = Cu?* + €17 + o= -9.48
cuct,” = cu?* + 2017 -0.16
Cucl,(melanothallite) = cu?* + 2¢1” 3.73
Cucl,” = cu?t e 2017+ & -8.22

2+ - )
Cuclz znzo(-) = Cu“ + 201 + znzo 2,67
cuc1,” = cu®* + 301° 2.29
CuCI:’z- wcu?t 4301”4+ e -8.46
cuc1l‘z' = cu2* + 401" 4.59
Cu, (OH),C1 (atacamite) + 30° = 2cu® + 3,0 + C1” 7.34
cur* = cu?* + -1.26
CuF(s) » Cu?* + F 4 & 4.36
CuF,(s) = cu?t + 28" -0.62

- 2‘ - -
Curz zuzo(-) = Cu” +2F + 28,0 4,55
Culls) = Cu2* + 1™ + & -14.55
. + 2+
CuO(tenorite) ¢+ 2H = Cu” « Hzo 7.66
Cu,O(cuprite) + 26" = 20u%* + B0 + 2¢7 -7.35
cuozz' + 40 = cu?t 4 28,0 39.44
Rcuwo,” + 30 = cu?* + 28,0 26,32
ceon® + 1t = cu?t o u,0 8.0
cuton),® + 20 = cu®* + 28,0 13.68
CuloR),(s) + 28" = cu®* + 2m0 8.64
cutom,” + 31* = cu?* + 3m0 26.9
2- <+ 2+
cutow), > + an® = cu? * 4m0 39.6
cu,om,?* « * = 2007 + w0 10.36
s + 2+ 2+
Cuhoz(cuproul ferrite) + 4R = Cu® + Fe“ leo ~-29.39
CuFe,0 (cupric ferrite) + 30° + 2¢7 = Cu?* + 2pe?* + ano -29.62
Se s + 2¢ sp @

CuBioy N,0(dicptase) + 20" = ou* + 310, « 20,0 592

Cu,Te(s) = 2042 « 1e?” ¢ 2¢” -67.78)

63
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EUROPIDM

Reaction Log X
B = Et el 5.94
Eu(s) = Eu:” + 3e 100.59
zusok‘ - e+ so‘z' ~3.67
ru(so,),” = 2a®* + 230, % -5.41
Eu,(50,),°81,0(s) = Eu®* + 380, 2 + 88,0 ~9.80
nunoaz" = e w0, -1.23
Ew0a) + 28" = K®* s 50 4 & 44.70
Eu,0,(s) + 64" = 28> + 3m,0 53.33
Euj0,(s) + 81 = 386> 4 4my0 ¢ & 92.42
Bu(om), (o) + 38" = 0>« 3,0 16.37
Roon?* + 0t = gt 4 H,0 7.8
rc1?t a g3t 4 01" -0.90
el = ' + 201° -0.19
M g A -3.19
£a,2,0. 2" + 00 = 286> + 20* + 20,3 -41.05

27207 2 4

IRON
ot e e 13.01
Fe(s) = Fe?* + 2¢” 13.82
FeS(eroilite) + 40,0 = Fe?* + 30,77 « ax* + 80" -39.67
FeS(mackinavite) + 41,0 = Fe* + 30,7 + an* + #e” -38.26
FeS,(pyrite) + 81,0 = Fo?* + 230, + 160" + 140" -85.72
FeS,(marcasite) + 81,0 = Fe* + 2302 + 160" + 14a” -85.41
FeSCpyrehotite) + 41,0 = Fe?* + 30,7 4 su® + 8a” -39.57
Fe S (S-rich pyrrhotite) + 32,0 = 7re?* + 090,27 + 6an® + 6207 -320.29
Fe S, (griegite) + 16,0 = 3re?* + 430,27 « 31u" + 300" -153.46
Pe(n3),” + 80,0 = Fe¥* + 2002 + 108" + 160" -76.17
re(mn),” + 1200 = e + 350, + 2* + 24" ~111.82
rexo, () = re?* ¢ 30, 0.46
re20,° = re?* + 30,2 -2.25
P20t v 0"~ Y A 5.89
Pe(20,),” = 2a¥* + 230, T 7.62

Po80, 70, Olwalenterite) LR RS (1) -2.47

15
15
18
18
15
18



IRON (comt)

Reaction

Fe,(30,),(s) + 2¢” = 2pe?* 2-

KaZe,(30,), (0B)((Na-jarovite) + 68" + 3¢~ = Wa® + 37e?* + 280, 2"

‘)2 + ano
. . + - + 2+ 2-
lr:s(SO‘)Z(OH)6(K—3ar011te) +6H +3e =K + 3Fe‘ + 2sok + ano

(B,0)Pe,(30,), (OR)( (H-jarasite) + SH' + 3¢ = are* + 20,2 + 7,0

renro,® = re?* + u* + 203"

Fcl!ﬁ“ e = ,¢2+ * H* + ro‘3’

rem,20, " = re?* + 20 4 20,

rcnzro‘z’ +e = e !0‘3-

PePO, 20, 0(strengite) + o = ret s, ro‘:" + 20,0
Fo,(P0, ), WM O(vivianite) = 3re®* + 220,37 4 a0

Peg(20,),00(s) + N* = 5" + 30,3 « m0

Fo,(20,), (), (Limpacombite) + 21" + 2¢” = 3re®* + 200> + 20
Pay(20,),(0M), I, 0(tinticite) + 3° + 3¢” = 372" + zrof' + 61,0
Te, (PO )3(0!)3'lzlzo(clconnu«) + 3+ 3 mare?t o 3?0‘3 + 158,0
Fe (PO, ), (ON) (rock bridgite) + SH + 4e” = SEeZ* 4 ”%3- + 5H,0
Peg(PO,), (OM);-6M,0(beraunite) + 5B + Se” = 6re’* + 4r0,>" + 11,0
PelNo0, (s) = re?* + uoo‘z‘

Feco (siderite) = P’ + c0, 2"

chsz* + e mre? . lo_.’-

24

FeAl 0 (hcrcynxte) et =pe?t ZAl + 6!20

FeTi0, (ilmenite) + 61 ¢ o = pe?t 4 it o 30,0

PaCr,0, (chromite) + 4,0 = ret zc:o‘z' + o’ .60

P L R AT

FeCl, (lawercite) = et . 201"

2+

FeCl,’ + & = et 4 2017

2
FeCl,(wolysite) + e = Fe
2+

2 4 s

r.c13° + e =R e)”
rFecl,” + & = re?t ¢ ac1”
Fetom), ,Cl, (@) + 270" + & = pe?*

Pt 4 nz’

+2.7m0 + 0.31”
*F

rer,t e - li .2

2
N;*o - re?t e
P AT

R R

29.6
27.83
24.23
26.93
~15.91
4,73
-22.22
~11.94
-13.39
-36.02
-460.87
=32.24
-30.04
=50.36
~48.26
-68,78
~10.51
-12.73
12,02
27.28
-10.436
-132.80
11.60
6.88
10.92
26,34
11.88
13.80
9.97
6.54
2.19
-0.99
12.39
k1.19

65

Ref.

20

20

20

14
14
14
14

14

23



66

IRON (cont)
Reaction Log K
Feg oo 0(ustite) + 20" + 0.105¢" = 0.9470e%" + 1,0 11.68
Feo(a) + 28% = 7' + m0 11.31
Fe 03(he-atxte) + 68" + 2¢ = Zre + 3!20 21.69
Fe (o} (lngheuxte) + 60 + 2¢ = ZFe + 3ﬂ20 32.41
Feq0 (-n;netlte) + 80+ 2e = 3!e + 4!20 29.83
reozz' + 45" = re?t + m,0 17.16
HFeo,” + 30" = re?t o 20,0 30.72
PeoR® + B = Fe?t 4 1,0 9.5
Feoi? + B* ¢ o = mett 4 B,0 15.17
Fa(0H),(e) + 28" = re* 4+ 28,0 10.05
re(on), + 20" + ¢ = me?* + 20 18.68
re(on),® + 21" = ra?* + 28,0 20.57
Fe(OR),(s) + 30" + & = 7a®* 4 3,0 17.90
re(om),® + 30" + «” = re?* 4 30,0 26.61
- + 2+
reco),” + 38" = re®* + 30,0 30.71
re(om), 2 + an* = re?* + 4my0 45.13
Fe(om),” + 4B + ¢ = re?* + 40 34.61
&+ + " - 2+ -
Fe,(0m), " + 28" + 2¢7 = 27e?* + 2m0 28.87
S+ + " - 2+
Feytom, >t + 4n" + 3¢7 = 3re®* + 4n0 45.33
Fe,(00),(a) + 28" + 2¢” ~ 3pe?t o+ snzo 46.24
FeOOR(geothite) + 38" + &~ = re?* + 28,0 13.51
. 2+
Fe 51,0, (0R), (greenalite) + 6u" = 3re?t o+ 2510, ° . snzo 17.65
Fe Sx‘ lo(on) (minnesotaite) + 60° = et As;o + Anzo 7.34
FeSi(s) + 20,0 = Fe?* + 3i0,° + 4u" + 6e” , 63.84
Feli,(B-lebemite) + 41,0 = Fe?* ¢ 25i0,° + 8H" + 100 125.97
Fesi, .(a~lebasmite) + s.ulzo = re?t 2.338i0,° + 9.520" + 11.32¢” 150.18
Pe,Site) + 2,0 = 3Pe®* + $i0,% + 4x" + 1007 87.82
!081.0 (ferrosilite) + ' - lez + 810 + '20 5.54
Fe, 810 (tqnhtc) + an* = 20" + 3i0,° + 20 16.67

FaTels) = P2 + 1e?™ ‘ (-30.0)

Ref.

20

20

23

18



GADOLINIUM
Reaction
cdon® + B* = ca®* + B0

caom),(s) + 3u" = ca® + 3m,0

= opq3t 2-
cdz(co3)3(-) 264" + 3c0,

+ 3+ 2-
GdSOA = Gd” + 506

- 3+ 2-
Gd(SOa)2 = Gd° + 250,

4
2+ 3+ -

GdF® = Gd” + F

HYDROGEN
z_
3
B,c0,° = 20% + co

HCO,™ = #* + co

2=
3

ne1® = n* + c1”

W =E +F

WE,” = Ko+ o2r”
B, = 20’ + 28
ueo, 2" = ' + 20>
BP0,” = 28" + p0, >
ap0,° = '+ PO‘J-
B,P0,(s) = w* . rof'

B,P0,°1/2 H,0(s) = 30° + 20> + 1/2 1,0

RANTIN
meon™” + B = B ¢ w0
neom),® + ab’ = me*T v a0
meon)” + 58° = REY o+ 510
ue0,(s) + 48" = we** + 210
uto,” + en* = " + 21,0

WEF, (2,momoclinic) = BEY 4 ar

necy (o) = TP

8.0
16.27

=-32.2
-3.66
~5.21

-4.3

-10.33
-16.69
6.10
-3.31
~2.81
-6.77
-12.31
-19.52
-21.67
-16.35

-18.34

0.29
10.7
17.15

1.16
-9.566

-25.746

32.095

67

Ref.

18
18
18
18
18

23

18

18

18



POTASS TN
Reaction
K(s) =K' + &
- + 2~
l’ok =K + SOA

lz!o6(arcmite) =t + sol.z'

-xt 3+ 2~
nl(so,.)z(-) K"+ A" + 230,

. + - + 3+ 2-
nl3(0l)6(50k)2(llun1t¢) + 6H K+ 3A17 +250,7 + 6H,0

FAL(30,),-126,0(alum K) = K* + AL** + 250,77 + 128,0
K Mo0, (s) = x* uool‘z'
kcro,” = & + cro, 2"

xiro, "

. - + -
nl03(n1ter) K +uo3

=xt+ud" s poa:"

mo,° = ) wo,”

KC1(sylvite) = K* + 1~
xc1® = x* + c1”
=k 1

X3r(s) = K’ + Br

or® + B =+ 5,0

xou(s) + 0" = x* + H,0

0, (s) + 4t + 3 =k 4 21,0

+ +
xzo(-) + 2H 2K + Hzo
RALS: 0, (Kepar) + 45" = K" + 41" 4 3510, + 20,0
KA1Si,0 (maz-muradine) + 48" = K* + A1>* + 35i0,° + 28,0

3
KA1Si 0, (high sanidine) + FEMR WPV T A 35i02° + 28,0

RALSIO, (kalsilite) ~ 4H' = K* + A1%* + 5i0,° + 28,0
KFe,(al5i,0, ) (OR),(annite) + 108" = K* + 3peZ" + adt . 38i0,° + 64,0
2

01g(ALS1 10, ) (OM) , (phlogopite) + 108" = K* + 3mg®* + a1>* + 35i0,° + 6m,0
3+

KAL) (A15i,0, 1) (0R), (muscovite) + 108" = &* + 3+ 3810, + 68,0
% 3-

K,(10,),(¥0,), (carnotite) + oE" + 4e” = 2x" 4 20t o 290, + 4H,0

. + &+ 2-
Kkh(m‘)‘ 2!20(3) = 4K + P+ 450,7 + 2H0

Logx
49.50
-0.85
-1.76

3.77
0.78
-5.17
3.48
(-0.57)

-12.60
-0.10
(0.15)

0.85
(0.7)
(0.19)

1.12
14.49
24.65
90.45
84,06

0.05

0.05

1.25
11.23
23.13
38.17
14.56

-37.87

-18.0

Ref.

23

18(18°,0)

3

18

18

18

18



Reaction

LaOIZ’ +R = L.3’ + nzo

La(om),(s) + 31" = Lt . 38,0

3+ . 9!’

2~
3

6+ .
Lag(om)®* + 91,0 = 5La

- 3+
le(CDS)S(l) 2La~ + 3CO.
LA L 2-

L-sok La™ + sok

- 34
Ll(SOh)z = La~ + 250,

Lar?* = 13 s F

2~

MAGNESIUM

2, 2e”

0= Hg?t 4 sol.z'
2+, sol.z-
2+ 2-
Hgso,.° = uwg"" + 50,
. 2+ 2-
Mgso, “20(.) = Mg® +50,° +H,0

. 2+ 2~
Mgso, 6H20(l) - Mg+ Soa + 6H20

MgS0, *7H,0(epsomite) = M52 + 50,7 + 7m0
- 2 3-

ugro,~ = Mg * . r0,

Mg, (PO, ), (s) = gt + 2r0,

H;RPOko - ng’ T r043'

+ 2+ +
H;Hzml‘ = Mg© + 2H + Po,‘
2+ 2~

+ HOOA

Mg(s) = Mg

MgS(s) + 4H + 80" + Be”

2
ngsoh(-) = Mg

3-

3-

u;uoo,‘(-) - Mg
ngico,* = He?* e w1 o co, %"

choa(-ngnelite) = H;z* + €0,
H;cos'Jﬂzo(nenquehanite) = Mg

2-

2+ 2-
+ Coy

MgCO,*5H,0(lansfordite) ~ Mg?* + 0,7 + SH,0

+ 3820

Mg, (OM),(C0,), -4B,0(hydromagnesite) + 28" = sug?*
Mg, (ON),C0, 38, 0(artinite) + 26" = 2Mg?* + €0,2” + 58,0

-, SB,0

2" 4 om0

+ 4cog 23

Mg, (0R),(C0,),+38,0(s) + 21" = aug®* + 300,
He(¥0,),(a) = ug?* + 2m0,”

(M0, "61,0(s) = Mg>* + 200,” + €m0
¥eCl,(chloromegaesite) = w2t + 2017

MeCl, W,000) = Hg?* + 2017 + M0

Log K

849
21.27
71.11
-33.4
-3.66

-5.29

79.69
-15.94
5.04
-2,23
1.36
-1.73
-2.07

-6.59

23.90
-15.18
-21.03
-0.87
-2.98
-11.31
-7.91
-5.23
=5.43
-9.85
9.62
-2.64
15.53
3.49
22.00
16.24

Ref.
18
18
18
18
18
18

18

18

20

20
20



70

MACNESIDM (cont)
Le_m

MgCl 'Zﬂzo(l) - H‘ + 201 + 2!20

. - Mt -
Hz(:l2 4!20(-) Mg +2C1 + lmzo
2* 4+ 2017 + 6H,0

MgCl 5
2+

2'6H20(l) = Mg

H;Fz(lelllite) + Mg

MgF* = mg?* 4§~

+ 2F

Hgnrz(s) =- Hgb + 2Br~

2+ -
Hglrz'ﬁﬂzo(a) = Mg“ + 2Br + 6H20

2+

Mgl (s) = Mg~ + 21

Hgvzos(metlvnnldlte) + 2H2
Mg,V,0, (pyrovanadate) + H,0 = Zng+

MgTio, (geikilite) + ot + o = Mg?*

HgTiOa(metltitlnl:e) + 60 + o = Mg * .
3+

MgTi,0g(s) + 108" + 2¢” = Mg?*

ng

MgO(periclase) + 2H* = ng* + Hzo
2+

Mg(OH),(brucite) + 20" = Mg”" + 2H,0

Mgor” + 1* = ugz" + 1,0

MgH,(s) = Hg + 20"+ 4e”

4+

Mg, (OH),** « on® = umg®* + 48,0

+

MgAL,0, (spinel) + 8H" = Mg?* + 2417*
2+

HgCrzoa(picrnchrclite) + hHZO - Mg

HgFezoa(magnesioferrite) + 8H" + 2¢”

+ 2Ti

3- +

0 = Mg2* + 2v0,3" + 4u

4
3

+2v0, 7" + 28"

s it . 3,0

i . 3n,0

+ 5H20

Tioa(orthotitlnlte) + 80 + e ZHgZ’ st . 4H20

+ 4H20

2

+ 2010, ~ s 8t + 6e”

2+ 2+

= Mg" + 2Fe” + 4H,0

g,5i(8) + 20,0 = 2Mg2* + 5i0.° + 4i* + Be”
2 Y

2
HgCuz(s,B) = ng+ + ZCuz’ + 6e

2+ 2+

MgCd(s) = Mg“™" + €d“7 + 4e”

MgCd,(s) = Mg2* + 3ca?* + e~

ca?* + aa”

HSSCd(') - 3Hg

2+ : 24

MgNi, (s) = Mg® + Z2Mi®" be~

2,50, (forsterite) + 4u* = 247" + 5i0,” + 21,0
2510,

2+

MgSi0, (enatatite) + 2t = ng*t + sio,°

ngAIJ(A1315018)(cordxer;te) + 168"

+|[20

2+

leAls(Alsisola)'!zo(hydroul cordierite) + 168" = Zng*

¥g,Siy0,,(0W), (anthophyllite) + 14n* = g

24

Mg,Si, 0, (ON), (chrysotile) + 6N° = gt 28i0,° + 58,0

M52 + 2a?* « 58i0,°

+ 8810 + 8!20

+ anzo
3+

in O
+ 58102

12.88
7.43
4.42

-9.49

-1.82

35.13
~-45.66
-30.59

-1.547

-1.567
-18.880

21.144

21.48

16,43

11.42

73.39

39.66

38.42

-123.91

42.77
209.12

96.72

90.57
117.02
248.90

86.22

28.14

11.46

53.88

51.39

67.75

31.52

Ref.

20

18



MAGNESIUM (cont)
Reaction

. . . + 2+ in @
H3“5131.0”(0H)62(nnt1;onte) 4+ 96H = 4ABMg~ + 363102 + 79H20

. + 2+ in O
"SgslAOIO(OH)z(taIC) + 6H = 3Mg" + k5102 + kHZO
Mg AL(AISi 0, )(OK)g(7 clinochlore) + 168° = SugZ* + 241" « 35i0,° + 12H,0
Mg AL(ALSi,0, )(OH)g(14 clinochlore) + 16H" = sMg®* + 2a1%* + 3510, + 126,0

. PR + 24+ an O
Hg4516015(0H)2'6H20(lep1011te) + BH = 4Mg" + 65i0, + llHZO

Mg;5i,0,0(OH), 3, 0(kerolite) + 6H' = IMg”* + 45i0,° + 7H,0

4710
. + 2+ 4+ 2-
HgZUOZ(C03)3 18H20(blyley1te) +4H = 2Mg" + U+ JCO3 + 20,0

> . + -
ng(Uoz)6(SOA)J(DH)lo'aﬂzo(Hg-z1ppe1:e) + 34H + 12e

= mg® + 6u®* 4 350,77 4 308,0

MANGANESE

Mn(s,a) = an* + 28
Mn(s,y) = Mn2* 4 2¢”
Mna* +te = an+

#nS(alabandite) + 4% 0 = an+ + 5042_ + 80" + ge”

= unlt 2~
HnSOA(s) Mo+ 50,

M50, = n”* + 50,7

4
Mny(50,),00) + 27 = 2®* « 3s0, 2"

MHPO, (s) = Ma®* + H* + b0,

Mn,(PO,), (s) = 3"t 4 200 3"
M350, 79%8 e 4
Mn,(P0,), 30,0(reddingite) = 3Ma’* + 2p0,>" + 38,0

HnFez(OH)z(POA)z'Bﬂzo(laveite/stronzite) + o1+ 2e”

2+ 2+ 3-

= Mn~ <+ 2Fe” + 2P°A + 10H20

2+ 2-
HnHoOb(s) Mn"" + MoO,

anoa(rhodochrosite) = unZ* + C032~

o 2+ 2-
HnCO3 = Mn + COJ

Hnﬂco; = MnZ* 4wt 4 co,

3

2-

Hn(80,),° = n®* + 20

2+

mnc1t = wn?t « c1”

2+

anlz(lclcchite) = Mn“" + 2017

Mc1,® = M + 201”

+

WCl, 8,0(s) = Ma2* + 2617 + B,0

HnC1,-20,0(a) = Mn2* + 2017 + 2m 0

2 2

483.58
21.54
71.92
68.55
30.94
23.54

-27.59

49.03

39.95
40.20
25.51
-34.04
2.68
-2.26
45.31
-25.27
-23.83

-36.84

-27.34
~4.61

-10.54

-~11.25
0.40

-0.61

-0.C4
5.51
3.96

n

Ref.

19

23

23



72

MANCANESE (cont)

Reaction
MoCl,4H,0(s) = MaZ" + 2017 + 4m0
~ - an’ + 301"

3
T R R

¥MnCl

MnO(manganaosite) + 0% = M2t + Hzo

HnO, (pyrolucite) + 4’ + 26" = MaZt 4 2H,0

Hnoz(birne.lice) + AH+ + 2 = an’ + 2H20

40, (nsutite) + 48" + 2¢” = HaZ* + 20,0

2+
+ auzo

+ 81"+ 4e” =M+ um0

Wno,” + 8" + Se” = Mn

2-
HnOA
anoa(bixbyice) + 60" + 2 = 2Hn2+ + 3“20
¥n,0, (haussmanite) + 8H* + 267 = a2t 4H,0
woor® + H* = maZ* 4 1,0
Hn(OH)z(pyro:hroite) + 28" =~ an’ + 2H20

2+

Ma(OR),” + 3u" = un®* + 30,0

Mn(OR) ;(s) + 38" + & = ma®" + 31,0

Hn(OH)Az— + 46" - un? 4 44,0

#n00H(s) + 31" + & = M0 + 2m0

2+
+ H20

+ + 2+
an(OH)3 + 30 = 2Mn" + 3H20

an(OH)3+ + B = 2Mn

Mnsi0,(rhodonite) + 26" = MnZ* + §i0,° + H,0

ansioh(cephroice) + 48t = Zan* + Si02° + ZHZO

2+ 2-

MnTe(s)} = Mn“" + Te

MOLYBDENUM
2-

MoS, (molybdenite) + 12H,0 = Mo0,*” + 250,% + 248" + 18¢”

2- + -
Yt &H +2e

=, ot

HaOz(s) + ZHZO = Mo0

Moo3(-) + H,0 = MoO,
- aat 2-
HMoO, ™ = H' + MoD,

- og® 2-
HZHOO‘(I) 2" + Hcﬂ‘

o + 2-
HZHoO‘ 20 + HoO‘

Mo,Sifs) + 141,0 = 3o, 2= 4 sio

(-] + -
s , * 280 + 22e

Logx
2.68
0.31

-0.85

17.91

41.55

43.60

43.01

127.79
118.40
50.17
61.28
10.54
15.09
34.18
31.84
48.26
25.27
10.59
23.87
9.72
23.47

(-15.9)

-143.30

-30.01
-12.12
=4.24
-12.16
-8.24

-13.08

Ref.

25

18

18(20°,0)

18(20°,0)



AMMONIUM
Reaction

(] + +
IH‘OH +R = IH‘ + nzo
+ s
IH‘HS(I) + 6“20 = IH‘ + bO‘
2-

= son’ 4+ 8e”

- +
IHQSO‘ - IIH4 + SO‘

(W, ),50, (mascagnite) = ZNH“ + sobz'

NH,AL(S0,),(8) = Wi, " 4 A1Y 4 250, %
NH,A1(S0,),-120,0(s) = Wi, * + A zsobz' + 128,0
Nﬂanoa(ll-oniuu niter) = NH4§ + "03-

N, H,P0, (s) = 8, * + 20" + B0, 37

Ho (R, ) AL (PO, )g+18H,0(s) = 6K" + 3w, + 541" + 80, >"
NH, VO, (s) + 0,0 = NH,* + voa:" + 2"

NH HSe(s) + 30,0 = Ni,* + TH' + 50,7 + 6e”

NHBr(s) = N, " + B~

N, Br,(s) + e = NHQ’ + 3Br~

NH, C1(salanmoniac) = NHQ‘ +cl”

N, F(s) = NH,* & F

N HF,(a) = NH, Y+ 6"+ 287

NH,1(s) = NHa‘ + 1

N, 1,(s) + 2¢” = NH: +31°

NH,ICL,(s) + 2¢7 = rma‘ + 17+ 2017

NH,ICL (s) « 4e” = NH,* & 17 + 417

NH, IBr,(s) + 2¢” = A‘ + 1+ 280

NH,BrI () + 2¢7 = Wi * + B 4 217

NH, IBrC1(a) + 2¢” = Nﬂa‘ + 17+ B +cCl”
(NHa)zsiFs(l,hexngonll) + ZHZO = ZNH‘* + si02° + 6F + 4u"
(NH,),SiF, (s, cubic) + 20,0 = 20, * + 5i0,% + 67 + 4n’
No,” + 108" + Be” = N, * + 38,0

sop1m

Na(s) = Na* + &

Maso,” = T so‘z'

Na,50, (thenardite) = mt . so‘z'
Wa,80,-108,0(mirabilite) = 20a’ + 80,2 « 100,0

- . e 3-
laﬂ!ﬁ‘ =Ra +N + Pq.

Logx
9.26
-30.68
-1.11
0.33
3.47
~5.97
1.25
-19.64
-185.74
-25.72
-50.03
1.43
35.52
1.22
2.05
-1.66
3.30
20.24
28.33
71.62
25,08
17.13
26.12
-28.26
-28.27

119.04

45.89
=0.70
=0.18
-1.17
~12.60

73

Ref.

20

20



74

0BT (comt)
Reaction Log K Ref.

Wa, 400, (s) = 2" + Mo0, 1.03
Waco,” = ' + 00" -0.%6 23
Wa,C0,-8,0(thermonatrite) = 2Ma" + 1:032 + 8,0 0.125 20
ll2003‘lﬂ20(lltroﬂ) = 2mat + 003 + muzo -1.31 20
NaRCO, (nahcolite) = nent s coaz' -10.88 20
Nakco,® = wa* + B* + c0,%" -10.08 20
¥a,R(C0,),°2H,0(trona) = 3Na* + B' + zco,z' + 28,0 -11.12 20
NaALCO, (OH), (davaonite) + 20" = Na* + a?t . c032' + 20,0 -5.67
NaN0,(s) = Na® + NO,” i.09
NeCl(halite) = Na* + C1~ 1.59
Nac1® = Nt ¢ 017 0.90
NaF(villiaumite) = ¥a* + P~ -6.59
Na,AlR (cryolite) = IMa’ + a?t .o -32.14
Na,0(s) + 25" = 20 + B,0 67.44
NaOH(s) + H™ = Na* + H,0 20.92
Nao® + 8" = ma* + M0 14.19 18
NaA1Si 0, (jadeite) + 4H" = ma® + adt . 28i0,° + 21,0 8.71
NaCa Mg, (A1,8i,0,,) (OH),(pargasite) + 228" = wa* + 2ca®* + 4mg?*

M8, 6097 (0f),

+ 3u3 + 68i0,° + 120,0 103.45
NaAlSi,0, *H,0(analcine) + 4B = Na® + A1%* + 2810,° + 3":“ 7.27
NaAlSi O (dehydruted analcime) + 4HY = Ma* + A13 + 2310 + 2!120 11,98
NaAlsi,0p (low albite) + 41 = Ha* + A1%* + 3510, + 2m,0 3.09
NaA1Si,0,(high albite) + 45" = Ka* + At . 33102 + m0 4.41
NaAlSi0, (nephaline) + 48" = Wa® + a?t . §i0,” + 2,0 14.13
llaAlz(A1513 l...,)(Cvl!) (paragonite) + 108" = wa'* + 3A13’ + :lsioz° + 6!20 18.49
n-zcmo (oo ) -ﬁlzo(ndcnom.tc) + 4+ 2e”

= 20"« ca?' + ¥ 4 300,77 + B0 -98.73

lhsi.7013((:!l!)3 JIzo(ll.ldntc) st amat 7310 + 5l20 -25.36



NEODYMIUM
Reaction
naon? + 8 = ma?* + B0

Na(OH) (o) + 3H" = we®* + 3m0

oK), + 48" = W + 40
Ndz(on)z"’ + 20" = M+ 21,0

P 1 2-
N4,(€0,),(s) = 284" + 3c0,

+ 3+ 2-
Ndsob = Nd&° + sok

4+ 3+ 2-
Ndzsﬂb = Nd© + ZSOA

NICKEL

Nils) = Bi%* + 20"

NiS(millerite) + 4H,0 = mit . 'sz- + 80 + 8e”

0= Ni2* s soaz' + 8H" + 8e”

3
NiS(e,B) + 4,0 = TEAN 50,2

NiS(s,Y) + 4H,0 = NiZ* 4 soaz" + 86" + 8e”
2-

NijS, (heazlewoodite) + BH,0 = wi?* + 250,% + 168"

Niso, () = Ni%* + 50,7

sen © 22+ 2-
thOA = Ni + sok

NiS(s,a) + 4H,

+ -
+ BH + Be

N 2~ .24 2-
NI(SOA)2 = Ni© + 2504
NiSOA'GHZO(u, green retgersite) = N2t + 50‘2- + 6H20

cem o s -2+ 2-
Niso, 1H20(Iorenonlte) = Ni° +80,° +7H,0

- + e 2-
"‘4(0“)6506(') + 6H = 4Ni° + so,” ¢+ ano
Ni,(OR)g(50,),(a) + 8H" = 7mi%* + 350,77 + BH,0

4 2
nieo, 2" = wi?* + 2o, 3"

. <24 3-
N13(P0‘)2(l) = 38" + 2r0,

N - uilt 2-
chos(s) Lo S
nico,® = wi2* 4+ co, 2"

ni(cos)zz' - w2t

winco,* = i

z-
+ 2003
+ 2-
+ H + c03
wino,* = T

wic1* = wi2*

+ !03
+Cl”

2+

NiCl,(s) = Wi + 201"

7.9%
18.87
37.36
13.88

-33.0

3.64

-47.3
-82.03
5.33
-2.29
-1.02
-2.01
-2.36
31.92
132.28
-2.08
=31.24
-6.84
~6.87
-10.11
-12.47
-0.4
0.4
8.61

75

Ref.
18
18
18
18
18
18
12

18
18
18

18(25°,0.1)

13
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NICKEL (cont)

Resction
MiCL,-2M,0(s) = WiZ* + 2017 + 20,0
NiCL,-4M,0(s) = Wi* + 2017 + &m0
NiCl,-68,0(s) = NiZ* + 2017 + €m0
Nt = w2t .

2+

NiF,(s) = Ni¥" ¢ 2r

NiF,-4H,0(s) = WiZ* + 28 + 4H,0

niprt = ni2* + 3"
NiO(bunsenite) + 28* = niz* + Hzo

Nion* + H* = wiZ* o 1,0

NiOH),(s) + 28" = NiZ* + m,0
mi(on),® + 28 = wi%* + 20,0

Nicow),” + 38" = miZ* o m,0

12+

Nilezoh(trevoritu) + oK+ 2¢7 = WiZ* 4 2

+ 40,0
Ni, (U0,), (50,)4(OM), +BH,O(Ni-zippeite) + 3% + 12¢”

4+

= 28i2* + su*t o 330‘2' + 3080

I SR 1
N12(Oﬂ) +H 20+ nzo
Ni (om), % o o = a2

2+, 1o

+ AIZO

NiTe(s) = Ni

NEPTUNIUM

Np3’ = Np‘* +e

Np(s) = Np** + &e”

Np0," + 4H" + &7 = w . m,0
upozz’ +ant v 20" = ptt
8po, > + an® + 3¢7 = wp** + 20
woor® + K = W+ 0

p0,01° + ' + &” = "+ 30
Npo,08° + 5H' + 207 = p** + 300
Np(OW) () + E MR TP 0 + 0"
mon), (a) + an’ = mpt o an,0

w0, (ON)(s) + 50" + & = »t . w0

0, (0M),(e) + 60" + 207 = m** + am0

+ leo

d

3.8
3.78

-1.3
0.616
4,434
-0.5
12.466
9.660
12,723
19.0
30.0
31.358

49.53
(10.69)

27.66

(-38.1)

-2.57
91.56
10.91
30.33
40.64

2.05
20.91
33.70
19.42

0.7%
15.81
35.61

Ref.

18

18

15
15
15
15
15
15
15
15
15
15
15
15



MEPTUNIUM (cont)

Reaction
0, (s) + 4x° = w . 28,0
w1t = mptt s 1"
wc1, 2t = w2007
Wpo,C1° + 48" + ¢ = o el . 2,0
#po,C1” + 48" + & = m s c1” e 2mp0
lp!” - lpH +F
NpOF* + 4E® + 2¢7 = L 21,0
W0 7,° ¢ 4H" + 2¢” = M+ 2F + mp
li'l'033+ -t e no3"
w(80,),2* = Wp** + 2m0,”
M0, 00.° + 4K* + & = "+ w0,” + 20,0
Hp0,80," + 4H” + 2¢7 = Wp** 4 Mo, + 26,0
Npsokz’ -t 0,2
#p(30,),° = wp** + 280, %
¥p0,50,° + 4’ + 207 = 0. so‘z' + 20,0
Np0, (90,0, + 4n® + 2¢” = wp** + 250, 2" + 2m0
NpO,HPO, "~ + 3t e e =Wt e roal' + 210

Wpo,HC0,% + 38° + & = w** + co, 7" + 2m,0

OXYGEN

o +8 = n,0(2)

Pis) = 2t 4 2¢”

MS(galens) + 400 = n?t . so‘z‘ +on' s 8

° - it 2-
!b(IS)z + lIzO | Z’O‘

- 2+ 2- + -
“(‘)3 * l!lzo =M+ 3”‘ + 270 + 24e

+ 10t + 16e”

RK, (mglesite) = B2 o 90,2
no° = n?' . 02

- 24 2-
!b(!lJ‘)2 =R+ 290,

Log X
-2.68
0.04
0.24
11.21
30.68
-4.82
26.47
23.36
-0.38
-0.08
11.16
31,31
=-2.43
~3.47
28.43
27.56
~4.78
-1.85

13.99

4.28
~h8.40
~82.49

=117.40
=1.74
-2.75
=-3.47
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LXAD (cont)
Reaction

o, -7b0(s) + 2u" = 207* + 20,27 + w0
P30, -270(s) + 4u" = 7" + 30,77 « 2m0
P30, -3250(s) + 60" = 4rb%* + 30,27 + 3,0

5, (om0, (&) + o = am?* . s°62 + 61,0
PoHPO,° = rbz S A
Pbl!ﬂb(l) -mt e nt . ’043-
Pbllzro: -2t .t . po‘."

- 2+ 3-
Pbg(l’o6) (s) = I + 20,

3- +cl”

Pby(20,),C1(Cl-pyromorphite) = 5p67* + 300,
Pbs(!o6)3ou(hydrou| pyromorphite) + B* = seb2* + Jro + HO
PbAL, (PO, ), (ON) *N,0(plumbogummite) + SK' = Pb 2, :m’ + zro,"‘ + 6H,0

PbAL,PO, 50, (M) (hinsdalite) + 66" = B « 3a1%" + ro:’ + 80,7 + 61,0
2+

. : S 1 -
!bZCuPO6(OH)3 JHzo(tlul‘bxtc) + 3 2P + Cu” ¢+ !0‘ * 6H20
2+ 2-

+ HnO6

2~

PbHoO‘(vulfenitc) = Pb

Pbcoa(certu-ite) -nit. co,

c0,° = 2 2=
3

- 2t
P(c0,),”” = #b®* + 200,

poco,* = 2t + K" + 00, %"
:) 3
2~

PEC1, *PbCO, (phosgenite) = 226%* + 2017 + co,

+ 003
2-

. + 2+ 2-
PbO leDJ(l) + 20 = 2P+ cO3 + nzo

. + a2t 2-
2Pb0 PbCOJ(-) + & T+ Co," + 20,0

28600, *Pb(ON), (hydrocerrusite) + 2x° = 3867* + 20,2” + 2m,0

* - z’ -
wHo,* = %+ mo,
mert = e ar”
Cl (cotunnxte) - lb + 201°

®Cl, = !b + 2017

2
w1, = w2t e 30"
mel 2 =t e ac”

PCIF(aatlockite) = P62 « C1” + ¥~

* ¢ -
P, (om),c1Ca) + 3° = 2% « 30 « 1
oK1 (lawionite) + B = w2+ €17 + 1,0
aClL, M Cls) = 23* + 5017 + "
e nlt.

By (o) = B o oF

Log X
-0.28
10.87
22.09
21.10
-15.41
-27.77
-21.02

*=0.50
11.02
-17.46
-1.04
-1.602
-4.75
-1.80
-1.43
-1.38
~9.43
8.79
0.62
~10.24
=-1.25
~7.44

Ref.



Reaction
= Pb"" + 2F

= Pt 4 4F

2+

poBrt = b2t « Br”

PbBr,® = P2t + 28"

PoBr,(s) = P2 + 28"

PoBr,” = P2 + 3"
pbnr‘.z' = pb2* 4+ 4Br”

PbBrF(s) = Pb2* + Br~ + F~

pbI” = pb2* 4 17

2+

PbI,(s) = PbT + 21"

o 2+

BbI,% = b + 21"

PbI,” 2t 31"
Pblbz' = pb2* + 41"

PhSe(clausthalite) + 30,0 = Pb2* + 5e0,7" + 6H*

2+ 2 . u,0

+ SeO3 z

PbSe0, (s) + 28* + 2¢" = B

PbTe(s) = Pb2* + 1e2”

2+ in ©
+ 8102 + HZO

+ 810 + 2H20

2+ 2-
ZHMOA

PbSi0,(s) + 20" = Pb

Pb,Si0, (s) + 40" = 2pp2*

Pb(Mn0, ), *3Pb0(s) + 60" + 2¢” = 4Pb

PbO(1itharge, red) + 26" = pb2* + H,0

PbO(massicot, yellow) + 21t = sz+ + 00

PbO,(plattnerite) + &H* + 2¢” = Pb2* + 26,0

2+
+ JHZO

2+
+ ‘HZO

204(8) + 68" + 2¢7 = 2p%

Pb, 0 (minium) + 8H" + 2¢” = 3pb

2+

PO’ + TS SN HZO

2+

Pb{OH),(s) + 28" = %" « 200

2
!'b(OII)°+2H = 2t + 28,0

Piow),” + 38" = T 31,0
2-
iow),

3#
!bZOH - 2062% o n0

2+ - 2+
Pba(Oll)‘ + AR 3 #6!20
&+
o (om),

&+ + 2+
!b‘(OI)‘ + M = 6P uzo

+an* = Pb + lﬂzﬂ

+ ﬁl - 6!5 + ilzo

- * 2+
y * m =B+ leo

+ 6e

+ 3H20

-3.2
-3.26
-3.99
-73.37
22.15
(-46.3)
5.75
18,19
146.63
12.67
12.78
~49.65
61.04

73.66
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80

!ilzlo‘ - - Zl + !0‘

LEAD (comt)
Reaction Log K
Pb0-1/3 B0(s) + 28" = Fb7* + 4/3 B 12.97
PHO- b (OH),(a) + 48" = 276%* + 3m,0 26.20
PALLADTIM
Pd(s) = Pa* + 2¢” -30.94
Pas(s) + 48,0 = Pa?* + 50,77 ¢ 8u" + e -78.40
PdS,(s) + 8H0 = Pa?* + 250,27 + 16K + 14e” -115.46
Pa,S(s) + 4H,0 = 4pa?* + 50,7 + an® -171.22
pdc1* = pa?* + 1" -6.10
PdcL,(s) = Pa?* + 201° -6.86
pac1,® = pa?* + 2017 -10.70
Pac1,” = pa%* + 3017 -13.10
pac1, T = pa?* 41" -15.40
Pave,” = pa?* + 30" -12.05
Pdbe, 2 = Pt ane” -13.77
PaBr 2" + 2¢7 = pa?* 4 6ar” 19.67
PdL,(a) = Pa%* + 21 -23.74
P . Pa?* v ar” -22.41
PL 2" + 2¢7 = pa?* 4 617 -6.20
pdot’ + H* =~ pa?* 4 u,0 0.99
Pa(om),° + 28" = pa?* + M0 -11.81
pa(ou), (a) + 26" = 2a?* + 20,0 -14.51
PROMETETON
Pa(Cl),(s) + 38° = Pa?* + 38,0 7.97
Pa,0,(s) + 60" = 2227 + 30 42.04
3 -22.03

Ref.
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PRASEODYNIM
Reaction Log X
pron?t + 0 = 23t + 1,0 s.10
+ 3+
Pr(OH)3(l) + 3H =Pr’ + 31120 20.47
+ 3+ 2~ -
P:soh PrY o+ SOA 3.62
BLUTOF UM
Puls) = Pu®* + 4e” 84.38
Pua’ = Pu“’ ‘e -17.01
rusoa’ o T soaz' e -20,48
puso,2* = " + 50,2 -5.74
o 4+ 2-
Pu(s0,),% = Bu** + 250, 10.16
o + - 4+ 2-
2u0,50,° + 4’ + 2¢” = 2" + 50,27+ 20 31.62
Pu(is0,),* = Pu’’ + 20" « 250,27 ¢ & -22.00
Pu(HPo, )" = 2 + " + 20, > -25.33
PuCHP0,),° = Pu®* + 28" + 2P0, 3" -48.46
402 4
Pu(HP0,), (8) = Bu* « 2u° + 270, %" -52.62
2- 4+ + 3-
Pu(rp0,), %" = pu®* + 30" + 3p0, 70.35
Pu(uro,),“" = " « 4n® + 4ro, > -92.16
Pull PO, 2t = ot ¢ 20" + PO, 4 o7 -38.97
2P0, 4
PuO,HPO, (s) + 3H* + 26~ = pu** 3- 9
o HEO,, s 2e Pu’ + P()4 + ZHZO .97
+ - 4+ 3~
Pu0, (PO, ), (s) + 2 + 4e” = Pu** + 200, + 280 30.83
+ + - 4+ 3-
Pa0,1,P0, " + 2" + 2¢7 = pu** « 20> 4 2m0 11.37
puuoaa’ - pu* 4 ¥o,” -0.72
Puco,?* = ru** + co, 2" A ~40.71
o + - 4+ 2-
Pu0,00,% + 4K” + 2¢” = B** + 0,2 + 2,0 22.86
2=, k-t 2-
Pu0,(€0,),%" + 4n" + 2¢7 = B + 200,27 ¢ 2m0 19.94
- + - o 2=
Pu0,C0,08™ + 5H" + 2¢” = Bu** + €07 + 3,0 25.03
2o - ke 2-
l>uozt:03(0‘ﬂ)2 +6H + 2 =Pu + 003 + ano 39.84
LN L -8.51
pc1?t = 0 -1.12
20, c1° « 48" ¢ 2¢7 =t e 17 v 2mp 35.07
Pu0,C1° + 4B ¢ o7 = R e e 18.69
P0,CL° + 48" + 2¢7 = Rt e 20 v 2m0 35.52
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82

S A

Pur,(s) = N

PuF
+3F + e

Por (s) = P 4 4r”

ruoz!" +48 12 =Pt 4 4 26,0

Pu0F,° + 4H" 4 2¢7 = Pt e 2 s 20,0

Pu0,F,” + 4B 4 2¢7 = pu** 4 38 4 20,0
[

2- + - + -
PuozlA +4H + 2¢ =Pu + 4F + znzo
44

Pu0,(s) + 4" = pu*t 4 20,0

Po0,” + 4" 4 & = P+ 20,0

moz2+ +4H 4 2e = Bt s 28,0

hex-Pu,0,(s) + 68" = 2Pu® » 38,0 + 2¢”

PuOH.3 + H = Pu + H2°

PuoR” + @ = Pt O + &

4+
+ ZHZO

Pu(ﬂﬂ)3 + 3 - Pu + 3H20

Pu(0H),(s) + 38° = pu*

Pu(OR),° + 48" = P+ 480

2
Pu(oH), (s) + 4u* = Pt . 48,0
Pu(OH)k(l-orphoul) + 40" = B 4H,0

Fa(o), %" + 20"

+ 3H20 +e

Pulom),” + sH' = Pt 4 58,0

Pu0,(OK){amorphous) + SEY 4 o = mtt s 38,0

PO, (0N)° + 5H" + & = pu*t 4 34,0

P, (0R)* + 5H" + 2¢” = Pt 4 3H20
Pu,(0B),(s) + 68" + 2¢” =  aal 4,0
Pu0, (08),° + 68" + 2¢” = Pu** + 4H,0
Pu0,(00),” + 70" + 2¢” = pu +snzo
(Pu0,), (0m),2* + 108" + 4e” = 2p®* + 6m,0

(ruoz)g(oa)s + 178 + e = JPu + lllzo

Log &
-8.09
-27.56
-13.72
29.05
23.68
18.60
15.57
-7.36
18.52
34.86
1%.10
1.0
-9.03
2.31
5.23
5.45
9.47
0.74
5.72
14.95
24.00
28.18
40,49
38.42
46.20
55,07
77.98

126.22

12

26



RADIUM
Reaction g x
Ra(s) = Ra?* 4 2¢7 98.33
Raso (s) = ma?* + 30,7 -10.43
Ra(w0,),(8) = 22"+ 2m0,” -2.05
XaC1,*28,0(s) = Ra®* + 2037 + M0 -0.80
RUBIDIUM
Rb(s) = Rb" + e~ 51.12
Rbc1® = Rb' + €1~ 0.55
RbI® » Rb* + 1™ -0.04
RUTHENIUM
Re?t = Ro®t 4 e” -11.35
RuCl,(s) = Ro** + 3017 + & -6.39
Ruoz(uorphoun, hydrated) + 48" - Rulﬁ + ZHZO 4.51
Ru(oH),(s) + 30° = Ru** + 30,0 + & -3.55
Ru(oR), (s) + 4k" = Ru®* + 4n0 12.30
Ru(om),?* + 28" = Re** + 20 4.73
Ruc1g (0m)%™ + B* = Re** + 5017 + 0 -8.13
Rus,(s) + 88,0 = Ru** + 168" + 250,77 + 16¢” -144.86
Ru0,(s) + 8B + 4e” = Re** + 4n0 100.55
Ru0,” + 8H" ¢ 3¢ = re* o an0 82.20
Ru0,® + 8H' + 4e” = u** 4 4py0 99.43

2- + -
R0, " ¢ 8K* + 2¢7 = R** + 4R0 72.01

a3
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18
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suur
Rescion

() + 4m,0 = 30,2 + 82" + 6~

$% 4 im0 = 50,7+ an® 4 8¢

#S” + 4,0 = 30,7 + 9" + 8"

8,5% + 4H,0 = 50, + 108" + 8e”

4
2-

2

- +
HSO4 =H + SO4

AN TMONY

Sb(s) + B0 = 5b0° + 28" + 30"

2-

Sb,S, (stibnite) + 14H,0 = 2560 + 350, %" + 288" + 24e”

2~
4

SbC1(s) + H,0 = sb0" + 28" + 3c1”

szsaz' + 185,0 = 2560° + 450,27 + 360" + 30e”

SbBr,(s) + H,0 = Sb0" + 28" + 3B

SbP,(s) + H,0 = 5b0* + 26" + 3¢
sbor® = sbo’ + B~

Sb(ou),F° = sb0° + F~ + B,0

$b0,” + 26" = 5b0" + H,0

#sbo,’ + W' = sbo’ + 1,0
§b,0, (orthorhombic valentinite) + 24" = 250" + H,0

$b,0, (s, cubic) + 20* = 250" + K0

$b,0, (s, rhombic) + 2n* = 2560" + 1,0

+ - +
szoa(s) + 40 + 2e¢ = 25b0 + 28,0

+ - +
Sby0g(a) + 6H + 4e = 250" + M0
$b,0, (3, cubic) + 4" = 4spot 21,0
Sbkos(l,orthorho-bic) + 40" = 45b0" + 2H,0
Sb(OR)," = sb0" + R0
sb(oH),° + H* = sbo* + 28,0
Sb(OH),(a) + H' = sto’ + m,0
sb(ow),” + 28" = 580" + 30,0

- + 2- +
szTe3(l) + ZHZO #5b0° + ITe” + 4H

-35.73
-20.70
-33.61
-40.62

~1.99

-10.51
-158.64
-181.42

1.763
2.21
-10.44
=5.51
-5.15
12.97
1.19
-2.32
-3.05
-6.20
5.73
41.42
-14.97
-12,33
~-0.20
1.18
-5.95
12.97

-142.13
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SELENIUM
Reaction
Se(s) + 3,0 = Sebaz- + 6H + &e”

se?” + 30,0 = Seo:’z- + 6H' + 6e”

HSe™ + M0 = Se0,7” + 7' + 6e”
- 2- + -
HZSe(l) + 3H20 SeOJ + BH + he
- + z-
HSeO,” = H' + Se0,
Hseo,” + H' = Se032- +HO + 2¢7
2- + " 2-
SeOA + 2H + 2e SeO3 ¢_H20
o 2- +
H,Se0,° = 5e0,°" + 2H
SILICON

i 2= in O + -
SLF6 + 2H20 Ssz + 4H + 6F

sioz(a and B quartz) = SiOzo

SiOz(cristobllite) = sioz°
SiOz(tridymite) = Si02°
s . - cin ©

S102(coe51te) sio,

o

Sioz(atishovite) = Sio2
N - cin ©
Sloz(glasn) 3102

o
2

SiOz(auorphous) = Siozo

SiOz(chalcedony) = §i0

H,5i04(s) = sioz" + H,0
nzsi03° - sioz" + B0

stiokz" + 20" + 2¢7 = si02° + 20,0
n,si0,” + B+ e = sio,” + 2H,0
B,5i0,°% = sioz" + 2,0

: - cin O
HASIOA(!) 5102 + ZHZO

. - 98in ©
H251205(s) 28i0," + H,0

H631207(s) = 28i0, + 3H20
: - + o aip ©
HSI(OH)6 + 1 5102 + AHZU

. © . oain ©
HZSI(OH)6 5102 + AHZO

~59.85
-37.25
-52.15
-55.96
-7.30
27.11
29.02

-11.25

-27.01
=4.,00
~4.18
-3.58
-3.19

5.36
-3.00
-3.73
-2.71
-3.84
~1.56
22.90

9.80
-1.58
-4.44
-6.92
-8.35

8.29

~-1.61
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SAMARLUM
Reaction
24 + 3+
SwOH" + H = Sm™ + nzo
Sa(0H),(s) + 3H' = Su’* + 3,0
- 75a¥* 2-
5m,(C0;)3(s) = 25a~ + 300,
+ 3+ 2-
S-SOa Sm~ o+ SOA
- - 34, 2-
Sm(SOA)2 Sm~ ¢+ ZSOA

TIN

Sn(s) = Snz’ + 2e”

Sn(s, II grey) = sa2* « 2¢”

2-

SnS(herzenbergite) + 44,0 = Snz* + SOA +8n* + ge”

)
Snsobz’ R 50,

2+

2-

snc1* = sa2* 4 €1~

snc1,® = sn?* + 201”

Sn013' = 5n
Snclhz_ = sn2* + 4c1”

SnOHC1+H,0(s) + B = S
2+

* 4 31

* . 21,0

SnBr+ = Sn + Br~

2+

snBr,” = sn“* + 2Br”

2

snF* = 5ot 4+ F

S$n0(s) + 28" = s502* + H,0
- . + - 2+

Sn02(:assxter1:e) + 40 + 2¢ = Sn° 4+ 2“20

snot® + #* = sn?* + 1,0

sa(o),” + 28° = sa2* + 20,0

Sn(OH)z(s,precipituted) + 28* = sn?t . 20,0

sn(on),” + 3u" = 52t 4 M,0

2+ + . 2+
So,(0m), 2" + 20" = 250%* + 21,0

2+ + 2+
sn(0m), 2 + 4B” = 3s0”" + 4m0
sn0(0H)* + 31" + 267 = sa?* + 200

2
SnTe(s) = Snz* + Tez_

d

7.90
16.50
-32.50
-3.67

-5.20

5.23
5.25
-48.85
8.80
-1.51
-2.25

-2.0

-2.30
~-1.16
-1.70
-4.25
1.78
~2.76
3.40
7.06
2.19
16.61
4.77
6.88
5.27

(-44.7)
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STRONTIUM

Reaction

2+

Sr(s) = $r°" + 2¢7

ses(s) + 4H,0 = 5r2* + 80,27 + o'+ 8"

Sr50,(celestite) = se2t . 5042-

550, = se2t . 5042'
SrPOa- - SrzO + POa
Sr,(P0,), (s) = 3se2t 4 zroas'
2wt Poa3'
2—

3=

SrHPOa(l) = Sr

StHoOa(s) S o+ Hooa

2+ 2-

SrCOs(strontilnite) = S 4+ co,

seho,* = sc2* « No,”

3
s
Sr(N03)2(l) Sr
2+

+ 2N03

o -
St(N03)2 Sr® + 2N03

. - 2*
5t(N03)2 kHzo(!) Sr

2+

+ 2N03 + 6H20
Sth(a) = sr°" 4 2F

[
2

StBtz(B) = Sr

= Stz* + 2F
2+

SrF
+ 2Br

SrBr,*H,0(s) = SrZ* + 2B:™ + H. 0

2™z 2
= 2+ -
StBrz 6H20(l) Sr® + 2Br + 6H20
SrC1,(s,0) = se?t 4 201"
src1,” = se2t « 2017
srcl, H,00<) = sr2% + 2¢17 + H0
rhig TR0t e 2
- - 2’ -
SrCl,2H,0(s) = 8r2* + 2017 + 2H,0

- - 2’ -
SrCl2 6H20(s) Sr® + 201 + 6H20

s10(s) + 20" = 52t 4 1,0

sron® + 1 = 52t 4 1,0
sr(om),” + 24" = sr2t o« 21,0

< + . 2+ i O
StSlOs(l) + 2H Srt + 5102 + “20
$e5i0,(s) + 4K" + 2¢7 = sr2t 5i0,° + 28,0
8r2r0,(a) + 61" = sr2* + 26% 4 3m0
SITiOg(s) + ci' . . = se?t e Tidt . 38,0
SETi0 (a) + BE® + 3¢” = sr7* 4 it . 48,0

98.03
-16.30
-6.42
-2.55
-4.18
-27.8
-19.31
~8.48

-9.25

-2.02
12,53
8.79
2.78
7.15
0.00
3.98
2.50
0.63
41.39
13.19
28,51
14.06
-56.78
29.28
-l.44

-63.31
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TECHNITIVM
Reaction
Teotom)® + 1" = 1e0?* + B0

Teo(om),® + 28" = 1c0?* + 28,0

TELLURIUM

Te(s) + 2¢” = Tez_

Te0,(tellurite) + 4H + 6 =Ted 4 2H,0

Te(on)," + 30° + 6e” = Te?”

2~

+ JHZD

TeSe{s) + 4e = Te?™ + se

THORIUM

This,a) = Th** + 4e”

Th3+ = Thh* +e

2+ 4+ 2~
ThsoA Th™ + 504

4+ 2-
h + ZSDA
2-
+ JSDA

o =
Th(S0,), T

2= | bt
Th(SDA)3 Th

b o b 2-
Th(SDb)a Th™ + ASDA

3+ L+ +
ThHZPOA = Th +2H + PDA

2+ 4+ +
Th(HZPOA)z Th™ + 4H + ZPOA
4+ -

PSS

2+
ThF2 Th

3-

3-

S

ThE," = ™+ 3F

hr,° = Th** + 4F

ThF,(s) =~ Th*" + 4

4+

Tth'Z.S HZD(S) = Th  +4F + 2.5 H20

el =

o m® e 201

[N e

Thel,

'rhcl;' = %+ 3017
[-J—

el ® = T

ThCl, (a) = ™

+ 4C1°
* 44017
Rale 2,0

Thoz(thorianite) +an’ = T'hA

Tho,(s) + 40" = Th
s m,0

Toon® + B* = Tt . 1,0

—~

-37.14
-l.41
0.57

~40.68

123.46
59.17
=5.45
~9.72

-10.47
~8.44

-24.16

-47.95
~-8.16

~-14.50

-19.27

-22.81

-30.66

-33.67)
-1.12
-0.84
-1.67
-1.25
23.68

6.27
1.76

3.21

Ref.
18(20°,0.1)
18(20°,0.1)



THORIUM (cont)

Reaction

oo, ™ + 26* = 1 ¢« 2m0
eom,* + 3" = ™" 4+ 3m0
hiom,° + «i* = T + 4m0
Thiom) (a) + 48" = Ta**

o> + 6u" = ™" + 6n0

'l'hz(ml)zt‘+ + 21" = 2% + 2m0
3

4+
+ BHZO

+ 4H20

8+ + .
Thk(OH)B + BH 4Th

9+ + oo 4+
Th6(0H)15 + 15H 6Th™ + 15H20

TITANIUM

3+ + 3¢

3+

Ti(s) = Ti

+ 3B
3+

Tilr3(l) = Ti

Til!a(l) +e = Ti"" & 4Br

3+

TiCly(s) = Ti7" + 21" + e

T

3+

Ticl,(s) = Ti
Til,(s) + e = Ti”7 + 41”7
* 4ot 4 5e”

3+

Tin(l) =1i

+HO + e
Tioz(tutile) PN FL AR 21,0
Tioz(anatale) + 40 + o = Tia* + 2H,0

2
Ti,0,(s) + 61" = 21:°* + 31,0

Tio(s) + 28" = Ti

: PRI
T1305(l,a) + 10H + e ITi?" + 5H20
3+

Ti 0,(s) + 1Rt + 2¢7 = 4T o 74,0
rion?* + u* = 1% 4 o

. 4+ + <3+
Ti (o), + 20" = 217" + 2m,0

URANIUM

Us) = 0% 4 ae”

UJ* - U‘+ + e

usu‘2+ -t so,.z'

K 0 o4
0(50‘)2 LR 2 qu‘

° + - 'S 2-
00,90,° + 4n* + 2¢ -t + 30,2 + w0

-

Log X
6.93
(11.68)
15.84
-9.45
49.62
6.13
21.06

36.64

54.20
8.86
23.79
18.82
8.52
25.48
40.12
5.81
-18.55
~17.47
-18 20
-35.70

-55.35

93.04
8.80
~5.52
-9.7%
6.25

89

10
15

17

18



URANIUM (comt)

Reaction
* e =g 2-
uozcoa(-) + 4R + 2e U+ 603 + 2l20
o L P R L} 2-

U0,C0,° + 4H + 2¢” = U + €0, + 20,0

2~ + - &+ 2~
mz(cos)z +4H 4 2e = U+ 200,7 + 28,0

4 + I 2-
002(003)3 + AH + 2e U+ 3003 + 20,0

3

+ - o+ -
(00,),(P0,),(s) + 126" + 6e™ = 30" + 20,3 + 6m0

(10,), (BP0, ), (a) + 66" + 4e” = 20" + 20,3 + 4m0

U(HPO, ), -48,0(s) = U** + 200,77 + 24" + 4mp0
U0, PO, + 3H" + 267 = o* + Po:' + 20,0

V0, (0,0, %" + 24° + 24” = 0** + 200,37 4 2m0
vo, (H,P0,)* + 20" + 2¢” = 0** + 20,3 + 28,0
w,(4,80,),° + 2¢” = 0** + 220,%" + 28,0

U0, (K,P0,)," + 2¢” = ™ . 31’043' + ot e m,0
UHPobz* =v* gt pob3‘

uCupo,),® = v** « 28° + 2p0,%"

ucupo,), 2 = v** + 3u* « 370,

e _ b, ot 3
u(upo,), 4" = v** + 4m® + 4po,
vt = o v c”

0,01° + 4H* + 2¢” = 0¥ + €17 + 20
1 ST L

m-'zz" =% .2
1) IR AN Vo

3
ur,® = g%t 4 4r”

2= 4
Ul6 1)
. - g » 5
Ulz 2.5 Hzo(l) U +4F + 2.3 ﬂ20

&

S

+ + - * -
UDZF + 4R +22 =U  +TF @ 2320

w,F,° + v 2 e g™ e . m,0
w0, F, "+ 4a ¢ 2¢7 « 04 4 387 4 2mp0
0,2 2" v an’ + 2¢7 = 0¥ e 4F 4 200
w0, + 4x* = 0"+ 20

LAY S L X

0,2 + 4’ + 20" 2 0™ 4 mp

Wy ts,v) + 62"+ 2¢” = 0"+ 30

log &
4.89
-0.86
-7.85
-12,27
-21.36
-29.62
=-5l.t0
-11.51
-33.98
-13.27
~35.37
-56.53
-24.38
-46.63
-67.64
-87.91
-2.73
7.43
~8.77
-14.71
-19.42
-24.13
-23.99
-25.92
-28.39
-28.10
3.91
0.20
-2.59
-3.78
—4.66
6.42
9.20
16.89

Ref.

12



URANTUM (cont)

Reaction
V0, -2H,0(s) + 6B + 2¢” = . SH,0
U,05(s,a) + 168° + 4o = W 4 8H,0

+ - L+
Ukog(-) + 180 + 2e = 4UT + 9H,0
+ 4+
AR Y
viom,? + 28* = v** + 210

vtom),* + 3" = . 3Mmc

uton),® + 4’ = TRMN 4R,0

ulon)g~ + st o= 0%t 5H,0

vo, (0H)* + 5K* + 2¢” = v* + 3m,0

[ + Lod—t
UOZ(OH)2 +6H + 2 =M + AHZO

U0, (OH),(8,8) + 6 + 2¢7 = U*" + 4,0

2+

veom* + w

+ - 4+
(Uoz)z(ou)2 + 10H" + 4e” = 207 + 6H,0

(0,),(0m)g* +178" s6e” = %" + 11,0

- + - 44
(1.!02)3(011)7 + 190 + 6e 37 + V3,0

v . $i0,° + 21,0
44

- + + - . [+]
U0,Si0(0H), " + 5H + 2e = U + 8i0," + 4H0

USi0, (coffinite) + 40" =

VANADIUM
3- + -
v(s) + AHZO = VDA + 8H + Se
v e an,0 = w03 ¢ au’ v 26
V050, (2) + 34,0 = v0,3” + 50,2 + 64" + &
4 ) 4 A
o 3- 2- + -
v050,° + 30,0 = v0,°" + 50,%7 + 6" + ¢
3~ 3- + -
(vo)a(roa)zts) + 9H,0 vo, " + 200, + 18H" + 3e
3~ - + -
VClz(a) + 4H,0 = V0,7 + 2C1° + 8H + 3e
VC1,(s) + 4H,0 = vo,‘3" +3C17 + su* + 2¢”
vo(s) + 30,0 » w0, 3 o 6u® + 3¢

v . 3u,0 = vo‘a' +60 + e
vo," + 2u0 = vo‘a' + &'

- 3-
Vo, + H,0 = VDA

Vzoa(katelinnite) + 5!20 - ZVOA
3-

+am*

37 4 208"« 4e”

- -
+ B8R + 2e

3 Lot
+ el

VZO‘(G) + 6!20 - 2'0‘
vzoS(-) + 3I20 - 2v0,

& - 3- +
'207 + !20 2‘q~ +m

Log X
14.80
21.06
~3.15
0.42
2.39
5.08
B8.51
13.41
14.98
21.12
14.96
23.95
43.15
58.30
(-9.20)
(11.58)

-B.66
-51.04
-43.82
~47.77

-161.10
~33.74
-29.26
-37.94
-45.33
~28.41
-21.32
-92.25
-82.13
~58.28

-27.77

91

Ref.

18

18
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VANADIUM
Reaction

3- + -
v3°s(') + TH0 = 390, + 14H + Se

3- + o 3=
V309 + 3H20 = 64 + 3!01'
; . 3= + -
2407(l) + 9H20 hVUA + 18H + 6e
4 - ant 3-
VAOlz + 4H20 8H + 4V0a

4= 3-
Vio0g7 *+ 13H,0 = 10vo,

- 3- +
+ 12H20 10V0a + 24H
3-

+ 260"

6
V10028
2- +
wo, ¥ = 1" + w,
- 3_
HyVO,

[ +
H_.’VOA 3H + VOA
+ . + 3-
H{‘VOI‘ 4H + VOA
3- +
HV207 + HZO = 30 + ZVOA

= 28"+ vo,
3_.

3=

+ 3~
, * HZO = 5H + 2VDA

5- L, R + 3-
HY)0,g7 + 12M0 7 250 + 10VO,

4~ +
H2V10028 + 12H20 = 26H + 10VO

vou®* + 3w

H, V.0
&

3

3~
[

0= v043' + 70+ 2¢”
k™

2
+
V(oH)2 + M,0 = VO,

© 3- + -
V(OH)3 +H0 +V0," ¢+ 5H + 2e

V(OH),(s) + HyO = voks' + 50"+ 2e”

2
&+ - 3=
V, (0, " + 61,0 = 2v0,
voou® + 28,0 = voh3’ +58% + &
3
VO(OH), (3) + H,0 = VO,
3-
4

3+ - 3- +
VO(OR),™" + 1,0 + 2¢” = w0, > + 4n
2+ 3-

(V03 (0R),** + 4R,0 = 2v0,

V0,H0,° + 2¢ = v043' +u
vo 0% + 2¢” = v0,3" + 2y
4,% 4
3- +

VDZ(OH)2 = ‘JD6 + 28

2-
VOB(OH) L] VO6

+ 60 + 2¢”

+ 11¢H+ + 4e”

T e ant + e

vo(or),® = vo, 7" + "

+*

3, i

b= 3- +
V206(0H)z =2vo,” + 28

3, 26wt

‘- -
{om),"" + 12,0 = 10v0,

Y10%26 )
3-

S- +
V10027(0ﬂ) + !Zﬂzo - lOVDA + 25H

+ 108" + 2¢”

Log X
-136.40

-71.61
-177.05
-95.34
-346.08
-334.80
-13.27
-21.33
-25.33
-28.42
=40.53
-53.06
-341.74
~345.41
-48.79
(-45.20)
(-40.09)
-43.46
-98.29
-39.67
-40.85
-25.11
24,28
-83.99
26.98
26.76
-22.81
-14.26
-26.54
-273.43

-269.83

Ref.

18

2

18(20°,0.1)

18(20°,0.1)

18

18

18



YTTRIUM
Reaction

Y(s) = ™4 3e”

+ 3+ 2-
A Y o+ 504

- 3+ 2-
¥(s0,), =Y + 250,

3+ 2-
Y2(504)3(5) Y7 4+ 3soh

YSO

= oy3t 2-
Y2(506)3 BHZO(S) 2y + 3506 + 8H20

t
2+ 3 -
YNO,"  * ¥" 4+ KO,

_ oy3+ 2-
Y2(003)3(s) = 2Y + 3003

Al i
¥," = 4 aF
¥F,° = el

Y (s) = ¥3* 4 35

wa? =y e a”

eR.ots) = v - g
3 »hzu\h_ =Y .+ 1l o+ Gdzu
+ 3+ -
Y(OH)ZCl(s) + 20 =Y +Cl =+ 2H20
T s sm0

¥el

Y(OH)(Cl(s) + 5H® + 3¢ = ¥

82t = v 4B

¥,0,(s,cubic) + 64 = 2v>% + 31,0

() = v v 2 o se”

YH,(s) = S SARIE L P

you?* + w* = vt . 1,0

T(OR)(s) + = v 3H,0

4+ + n g3t
YZ(OH)Z + 24 2Y + 2H20

4+ + 3+
Y3(0H)S + 5H 3y 4+ 5H20
YZn(s) = Y3* + an* + 5e
Y2Zn,(s,qa) = Y3+ + Zan* + 78
3* 4 3202t 9"
2+

YZna(s) =Y

Yoo, (s) = ¥t . aza?t 1207

¥Zng(s) = Y 4 5zt ¢ 13e”
Yzn, (s) = ¥°* + 1120%" « 256
3+ 2+ 40"
3-

Y22n17(s) =27 + 17%n

mpo, 2t = v« '+ r0,

93

-12.1
-18.91

-1.12

9.26
~94.38
~0.70
49.45
101.17
97.22
7.7
17.5
14.26
31.55
133.87
150.14
172.86
195.30
216.55
355.76
585.51

-22.17

Ref.

i8

18
18

18

18

18
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2INC
Reaction
Zn(s) = 202 + 2¢7
ZoS(sphalerite) + 4H,0 = z?* + 5042' + 80 + 8e”
ZnS(uurtzice) + 48,0 = 202* + 50,27 + 8H* + 8e”
ZnS(amorphous) + 41,0 = z?* + 5042- + 80" + 8e”
2+ 2

zn(H8),” + BH,0 = Zn”" + 250,°7 + 185" + 16e”

Zn(Hs),” + 12,0 = za?* + 350,27 + 275" + 24e”

4
ZnS0, (zinkosite) = zn?* + 5042—
[-] 2+ 2~
ZnSOk = Zn + 504
) 2+ 2-
ZnSOk Hzo(s) = Zn + 504 + H20

. S 2+ 2-
Znsok 6H20(b1lnch1:e) » Zn" + 50,7 + GHZO
2050, *7H,0(goslarite) = zn2* + 50,2 » 7H,0

2-

4

. . + \ 2+ 2~
200°22050, (s} + 20" = 3z0°" + 250,77 + B0
2+ 2=

Z|1(504)22_ = z02* + 250

+ 2H20 + SOA
2+

+
Z“4(°“)65°4(’) + 6H = 4Zn° + 6H20 + S0

2nipo,° = PRI Po,f'

+ 2+ +
ZnHzPO4 = Zn" + 2H + PO“
. 2+ 3-
21-131’04‘)2 1.}520(:) = 320" + 2P0, + 4H,0

2~

2+
ZanOA(s) Zn" + MO,
: N 2+ 2~
ZnCOa(snxthtonu:e) = Zn® + co3
-] 2+ 2~
ZnCO3 Zn~  + C03

*H,0(s) = % + co

+
an(OH)ZSOA(!) + 2H = 2Zn

2-
4

3-

2_
3 3t HPO

-, 2% 2-
Zn(COa)2 Zn" 4+ 'ZCO3
anlc03+ =zn2t e ut c°32-

2aMo,* = 20" 4 ¥o,”

20(40,),°% = za2* + 2M0,”

3
. . =
Zn(N03)z Gﬂzo(a) Zn” + 2M0, + 6520
2+

ZnCo.

+
ZnS(OH)a(Ma)z(s) + 80 = SZn
2+

+ 2!03 + ano
+F
2+

2af* = 2a
2aF,y(s) = 2a°" « 2F
z:::z(-) - an' + 28
2" = Z:z‘ - 282

tnds, 28000 e 2t e 2B - M0
- 4

Logk
25.80
-45.08
-42.78
-42.67
-82.17
-116.94
3.57
-2.37
~-0.54
-=1.69
~1.89

-3.28

-10.26
-9.63
-12.43
-0.4
0.3
3.44
42.74
-1.15
~1.52
0.623
7.554
0.98

5.249

Ref.

3
18(37,0.15)
18(37,0.15)

18

18
18



2IXC (cont)
anrz- = an* + 3Br

2+ + 17
2+

2n1* = zn

Zal,(s) = za" " + 21

o 2+

2+

znct® = zn?t + c1”

znCl,(s) = 20 + 2017

2n€1,° = za2* + 2¢17

2

znc1,” = z2t + 301”

hy -
zacl, -~ = zn2* + 4C1

4
zn(oH)C1® + ' = zn?t 4 €17 4 H,0
Zn, (0H)C1(s) + 3 = 2202* + €17 + 30,0

+ 2+ -
Z"S(OH)8C12(S) + 8H 5Zn"" + 8H20 + Cl
Zn0(zincite) + 20" = zn?* + H,0
ZnO(active)} + ZH* = Zn2+ + H,O

2

2- + 2+
2n0,”” + 4n” = zn* 4 210
znon* + HY = za?* 4 1,0

m(oR), (s, 7) + 28" = 70%" + 2m,0
2n(0n),(s,8) + 20* = znt + 2H 0
Zn(0R),(s,€) + 20" = z0®" + 20,0

Zn(OH)z(amn:phous) + 20" = za

Zn(OM)y(emyut) + 20" = . 21,0

zn(om),” + 28° = 20" + 20,0
Znom),” + = 2t . 38,0

Zn(OH)AZ_ + 4t = za?t 4 4n,0

Hzno,” ¢ 3H* = z?2*
anou3+ 1t =220 s H,0

+ ZHZO

2- + 2+ -
ZnZ(OH)G + 6H = 2Z2n" + 6h20
2+ 2-

ZnSe(s) + 3H20 = 2Za" 4+ Se03

. o2t 2-
ZnSeO3 HZO(s) Zn" + Seo3 + H20
2nSi0,(s) + 24" = zn?* + sio,” + 8,0

wn$i0, (villemite) + 4" = 220°" + 5i0,° +

+ 60"+ 6e”

Log K
1.802

3.009
7.384
1.69
1.994
2,587
~0.43
7.03

~0.45

11.31
41.57
8.96
11.86
11.91
11.64
12.46
12.2
16.88
28.80
41.55
28.81
8.99
57.8
-62.64
-6.76
-19.85

H,0 13.89

95

18

18

18
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¢ (cont)

Reaction
+ - 2+ 2+
z-rczoh(-) + 80 +2 =In" ¢ 2Fe + 4H,0
ZnTe(s) = zaZ' + re?”
3+

Zn,Ti0, (Zo-Ti spinel) + sut + o =220 41

ZIRCOMIUM

4+

zr(s) = Zr'' + 4e”

2+ 4
2150“ =Zr + so“

3+ Le -
z:l«:i3 «Zr + noa

2-

PRLE T

z:r_,'l(u,a monoclinic) = Zth

zect?* =zt

+4F
+C1”

zeC1, (s) = et + wct”

A+

Zrnz(l) Y T

210, (baddeleyite) + 4H" = z** + M0

z:on” +B = t“ * HZD

z:(on)zz" v 28t =2t e 28,0
ze(om),* + 36" = 2% + 3m0
+ 4,0

zr (o), + 48" = et

ze(on)g” + 5K = . 58,0

8+ + &+
ZtJ(OH)‘ + &0 = 32r + 4H,0

7+ + &+
Zry(OR)g"" + SH = 32r + S5H,0

8+ + o &+
z'l."(OI)a + 8H 42r + 3,0

t‘*

s P + o in O
Ztho‘(ntcon) + &H 2 + 810, + 20,0

+ 4H,0 3.22

101.46
-3.79
-0.3
-9.80

~18.72
-0.30
37.53
78.88

1.86
-0.3
1.7
5.1
9.7
16.0
0.6
=3.7
=6.0

=5.64

Ref.

18

15
15

15

15

18
15
15
15
15
15
15
15



Ag+
A13+
Am4+
Ba2+
Br
coq2”
Ca2+
caZt

Ce3+

cro2"

TABLE 3. BASIS SPECIES

it
H0

Mo04 %~
NO3™
Nat

Na 2t
N1 2t
Nph+
P043"
pb2t

paZt

Pr3"'

97

V043“
y3+
zn2*

ze3t

Rbt
Ru2+



