
جدول 6.1 مقادیر پارامتر ai در رابطه Debye- Hückel.
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شکل 6.1 رابطه ضریب فعالیت یونها، به صورت تابعی از قدرت یونی محلول در 250C.
جدول 6.2 حاصلضرب حلالیت کانیها و ترکیبات منتخب.
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جدول 6.3 عناصر انتخابی که دارای بیش از دو حالت اکسیداسیون هستند.
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شکل 6.4 دیاگرام نهایی Eh-pH برای یک سیستم آهن حل شده با مقدار 10-6 مول آهن محلول در شرایط استاندارد.
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شکل 6.5 دیاگرام Eh-pH، محدوده پایداری آهن حلشده تحت شرایط استاندارد را نشان میدهد. اکتیویته آهن حلشده 10-6 مول، سولفور 96 mg/L به صورت SO42- و دیاکسیدکربن 61 mg/L به صورت HCO3-.
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شکل 6.6 اکتیویته تعادلی آهن حل شده به صورت تابعی از Eh و pH تحت شرایط استاندارد، سولفور با اکتیویته 96mg/L به صورت SO42- و کربنات 61mg/L به صورت HCO3-.
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شکل 18.1 دیاگرام Log C – pH برای سیستم کربناتی با (CO3)T=10-4M.
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شکل 18.6 مثالهایی از ایزوترمهای لانگ‍مویر و فرندلیچ.
جدول 18.4 ویژگیهای کانیهای رسی متعارف.
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جدول 18.6 برخی عناصر که در بیش از یک حالت اکسیداسیون وجود دارند و مثالهایی از یونها و جامدهایی که از این عناصر تشکیل 
شده‍اند.
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FIGURE 6.5 Eh-pH diagram showing fields
of stability for dissolved iron under standard
conditions. Activity of dissolved iron is 10
mol (56 ug/L), of sulfur species is 96 mg/L as
SO,2~, and of carbon dioxide species is 61
mg/L as HCO3". Source: J. D. Hem, Study
and interpretation of the chemical character-
istics of natural waters, U.S. Geological Sur-
vey Water Supply Paper 2254, 1985.
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FIGURE 6.6  Equilibrium activity of dissolved
iron as a function of Eh and pH under stan-
dard conditions, sulfur activity of 96 mg/L as
SO, and activity of carbon dioxide of 61
mg/L as HCO;™. Source: J. D. Hem, Study
and inferprefation of the chemical character-
istics of natural waters, U.S. Geological Sur-
vey Water Supply Paper 2254, 1985.
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Figure 18.1 Log C-pH diagram
for the carbonate system with
(CO3)T = 10~4 M. (from Morel
and Hering, 1998, Principles and
applications of aquatic
chemistry). Copyright ©1998 by
John Wiley & Sons, Inc.
Reprinted by permission of John
pH Wiley & Sons, Inc.
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Figure 18.6 Examples of
Langmuir and Freundlich |
isotherms (from Domenico and
Schwartz, 1998. Physical and
chemical hydrogeology).
Copyright ©1998 by John Wiley
& Sons, Inc. Reprinted

by permission of John Wiley &
Sons, Inc.
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18.4 Surface Reactions « 425

TABLE 18.4 Properties of the common clay minerals

Surface
Area Source of
(m?/g)  Charge

Charge
Characteristics

Lattice CEC
Clay Mineral Description (meq/100 g)
Kaolinites g 5-15
Illites gﬁ 25
Chlorites § 1040
Vermiculites ”@ 100-150
Montmorillonites “%" 80-100

Edges, broken bonds

15 (hydroxylated edges)
80 Isomorphous substitution,
some broken bonds at edges
80 Isomorphous substitution
n.d. Isomorphous substitution
800 Isomorphous substitution,

some broken bonds at edges

Variable charge

Mostly fixed charge

Fixed charge

Fixed charge

Mostly fixed charge

n.d.—not determined.
Ex-Exchangeable cations.

Source: Yong (1985). Reprinted by permission of Second Can
reserved.

adian/American Conference on Hydrogeology. Copyright ©1985. All ri ghts
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TABLE 18.6 Some elements found with more
than one oxidation state and examples of ions
or solids formed from those elements

Element and Oxidation

State in Parentheses Example
C(+1V) HCOj, CO2~
C(0) CH,0, C
C(~1V) CH4
Cr(+VI) CrO}™, Cry 02~
Cr(+11I) Cr3t, Cr(OH)3
Fe(+11I) Fe3t, Fe(OH)3
Fe(+1I) Fe?t
N+V) NO;

N(+III) NO;

N(0) N
N(—III) NH;, NH;
S(+VI) SO;~
S(+V) S,05~
S(+II) S,0%~
S(—II) H,S, HS™

Source: Morel and Hering, 1993. Principles and applications
of aquatic chemistry. Copyright ©1993 by John Wiley & Sons,
Inc. Reprinted by permission of John Wiley & Sons, Inc.
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TABLE 6.1 Values of the parameter a; in the Debye-Hiickel equation.

a; lon

11 Th**, Sn*
9 APt Fe¥*, Crt, HY
Mg?*, Be?*
Ca?*, Cu2*, Zn2*, Sn?*, Mn?*, Fe?*, Ni?*, Co?*, Li*
Fe(CN)s*, Sr?*, Ba?*, Cd?*, Hg?*, §%, Pb2*, CO,2, SO, MoO2~
PO, Fe[CN),*~, Hg,?~, SO, SeO4%, CrO,*", HPO,2~, Na*, HCO;™, H,PO,~
OH-, F-, CNS~, CNO~, HS ", ClOo,~, K*, CI7, Br~, I, CN™, NO,", NO;~, Rb*, Cs*, NH,", Ag”
Source: Reprinted with permission from J. Kielland, “Individual Activity Coefficients of lons in Aqueous Solutions,” Amer-
ican Chemical Society Journal 59 (1937): 1676-78. Published 1937 by the American Chemical Society.
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FIGURE 6.1 Relationship of activity coeffi-
cients of dissolved ions as a function of the
ionic strength of a solution at 25°C. Source: J.
D. Hem, “Study and interpretation of the chem-
ical characteristics of natural waters,” Water
Supply Paper 2254, U.S. Geological Survey,
1985.
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TABLE 6.2 Solubility products for selected minerals and compounds.

Compound Solubility Product Mineral Name
Chlorides
CuCl 1077
PbCl, 10748
Hg:Cly 10779
AgCl 1097
Fluorides
BaF, 1058
CaF, 107104 Fluorite
MgF, 10782 Sellaite
PbF, 1072
SrF, 1078
Sulfates
BaSO, 107100 Barite
CaSOy4 1074° Anhydrite
CaSO4-2 HO 10746 Gypsum
PbSO, 1078 Anglesite
Ag»SOs 1048
SrSO, 1076 Celestite
Sulfides
CuyS 107485
CuS 107%¢1
FeS 107181
PbS 107773 Galena
HgS 107532 Cinnebar
ZnS 107225 Wurtzite
ZnS 107247 Sphalerite
Carbonates
BaCO, 10783 Witherite
CdCO; 107137
CaCOy 10789 Calcite
CaCO; 107822 Aragonite
CoCO; 107100
FeCO3 107197 Siderite
PbCO,3 107131
MgCOs4 1079 Magnesite
MnCO;3 10798 Rhodochrosite
Phosphates
AlPO,-2 HO 107221 Variscite
CaHPO,-2 H,O 107¢¢
CasPO4), 10287
CuyPOL), 10369
FePO, 107216
FePO,-2 H,O 107264 J

Source: K. B. Krauskopf, Introduction fo Geochemistry, 2d ed. (New York: McGraw-Hill, 1979).
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TABLE 6.3 Selected elements that can exist in more than one
oxidation state.

Element Valence Stale Examples
Carbon +4 HCO;,~, CO42~
0 C

-4 CH,
Chromium +6 CrO2, Cr04

+3 Cr**, Cr{OH}y
Copper +1 CuCl

+2 CuS
Mercury +1 Hg,Cly

+2 HaS
Iron +2 Fe?*, Fe$

+3 Fe*, Fe{OH);
Nitrogen +5 NO;~

+3 NO,~

0 N

-3 NH,*, NH;
Oxygen 0 o

-1 H,O,

-2 H,0, O*
Sulfur -2 H,S, $%~, PbS

+2 8,052

+5 5,02

+6é SO2-
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