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Lecture #35

Precipitation and Dissolution: Iron
Hydroxides

(Stumm & Morgan, Chapt.7)

David Reckhow CEE 680 #35

Topics
* Hydrolysis

* Aquo metal ion gives rise to hydroxo complexes
¢ Iron Hydroxide solubility
¢ Other metals
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standards

* From EPA website

Contaminant Secondary MCL Noticeable Effects above the Secondary MCL
Aluminum 0.05t0 0.2 mg/L* colored water

Chloride 250 mg/L. salty taste

Color 15 color units visible tint

Copper 1.0meg/L metallic taste; blue-green staining

Corrosivity Non-corrosive metallic taste; corroded pipes/ fixtures staining

Fluoride 2.0mg/L tooth discoloration

Foaming agents 0.5mg/L frothy, cloudy; bitter taste; odor

Iron 0.3mg/L rusty color; sediment; metallic taste; reddish or orange staining
Manganese 0.05 mg/L. black to brown color; black staining; bitter metallic taste

0.0

0.1

Parts per million

Figure 15.1. Cumulative curves showing the frequency distribution of various constituents
in terrestrial water. Data are mostly from the United States from various sources. (Adapted
De from Davies and DeWiest, 1966.)
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Ferrous Hydroxide |

* Thermodynamics -
—>¢* Fe(OH), (s) = Fed+2)+ 20H- K., = 10751 159
o Fe*> + OH- = FeOH* m
e Fe*> + 30H" = Fe(OH), K, = 101°

® Mass Balance
e Fe; = [Fe*?] + [FeOH"] + [Fe(OH),]

Constants from Stumm & Morgan,
1996; identical to those from Morel &
Hering, 1993
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Ferrous Hydroxide Il

* Log C vs pH relationships

@g [Fe*2] = 12.9 - 2pH
—> o Log [FeOHt] = 3.4 - pH
~——> » Log [Fe(OH);7] = -18 + pH

Based on: Constants from Stumm &
Morgan, 1996; identical to those from
Morel & Hering, 1993
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Ferrous Hydroxide Il
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* Tableaux
Fe(OH)2 (4
Fet2 ! 2 Lo Log[|Fe+2 = 13.3)  -2[pH
FeOH+ 1 1 4.6 Log[ FEOH+ |1 = 46  -1pH
Fe(OH)3- 1 = -19.08 Log[ Fe(OH)3- [] = | -19.08 1 pH
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Log C
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Log C

Based on:
Constants from
Stumm &
Morgan, 1996;
identical to
those from
Morel &
Hering, 1993

David Reckhow

og C

e Log [Fe*?] =13.5 - 2pH
e Log [FeOH* ] = 4.6 - pH
* Log [Fe(OH),] = -19.1 + pH

Based on:
Constants from

Snoeyink &
Jenkins, 1980
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Trivalent Metal Hydrolysis

¢ Case for iron

+ H+ + 2H+
Fe(H,0)~— FeOH(H,0);"? < Fe(OH),(H,0),"

+3H*

+4H*
Fe(OH);(H,0); Fe(OH),(H,0),
G ﬂ
Fe(OH); (s)
David Reckhow CEE 680 #35 11

Ferric Hydroxide |

* Thermodynamics ,
« Fe(OH), (s) = Fe* + 30H-
e FeOH* = Fe3 + OH- K, =107%
e Fe(OH),* = FeOH** + OH- K, =107°5
e Fe(OH), = Fe(OH),* + 20H" K, =10
. ngOH);4 =sFeB 4+ 30H K =100
* Mass Balance
e Fey = [Fe*3] + [FeOH*?] + [Fe(OH),*] + [Fe(OH),] +
[Fe,(OH),*]
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% /

————

Ferric Hydroxide Il

* Log C vs pH relationships
o Log [Fet3] =3.2 - 3pH €———k
* Log [FeOH*2 | = 1.0 - 2pH
* Log [Fe(OH),*] = -2.5 - pH
* Log [Fe(OH),] =-18.4 -:pH
* Log [Fe,(OH),*] = 3.45 - 4pH

David Reckhow
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Ferric Hydroxide IV
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e

LogC

8 4
e Divalent Tragsiti

-10 A
11 A

Based on: -12

Constants from 13

Snoeyink &

Jenkins, 1980 14
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Ferric-Fe”]

$)
g 71
-1
e Trivalent Transitio M

e Optimal pH for fersie

coagulation 104
e 5.0 to 6s for mczﬁ,t
waters |

waters 13 4

14

* 5.0-5.5 for high'DT

David Reckhow
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Metal solubility: mg/
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* Multiple
metals

" From: Boardman et al., 2004,
Geotechnique 54:7:467-486

0-0001
4
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Summary

P—————

-log activity

Summary Il

Seaah |

g Cravotta 2008, Applied
Geochemistry, 23:203-26
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Hemoglobin

® One essential use of iron

e Electron transfer in the heme, forming superoxide ion
that binds with the ferric

« Fe(Il) + O, © Fe(Il)-O,-

CH,

7 CH;,
FHo
HsC
HaC CHs
0™ “on o@ OoH

By Zephyris at the English language Wikipedia, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=2300973

Siderophores

* Mining Bacterial Bacterial Bacterial
Iron for Cell Cell Cell
Bacteria e

' Siderophore|

Bacterial Bacterial
I Cell Cell

t “ . F +3
Siderophore bound . ¢

to Fet+3 moves into Fet2
cell

‘ Fe+3is converted

to Fet2

Saha et al., 2016
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Siderophores

Extracellular iron

Wilson et al., 2016

David Reckhow CEE 680 #35

Extracellular iron

Str|p Siderophores

siderophores

¢ Fighting for Iron between host cells and bacteria

@ @
@

 Stage 1]  Stage 2 |
at\o“ é/\”
Lc 2 se““
tage ----- ' Stage 4
Host cell ‘0000 Stealth Bacteria

Trends in Molecular Medicine

23

Siderophores

¢ Ligand Atoms and immediate environment

(A) Carboxylate

Catecholate

Rl OH Rlaq O™

) e ) . 5 .
i3 Fe + 2

o H o K

R R
OH o o,
—> Fe™ + 2H'
H -

Phenolate
R
R -
OH —>» Fe¥ 4 2H
o]
R
Hydroxamate
R_ O % R_ D
F N
R oM [ o

Wilson et al., 2016
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Siderophores swensems

¢ Full Molecules

Carboxylate type
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Mycobactin (M. tuberculosis)
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Aerobactin (K. pneumoniae, E. coli)
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Charge Balance & Alk
* Major Cation Charge = Major Anion Charge

C, {Na+ +K* +2Ca*? + 2Mg* Cl' +NO; +2 SO4-Z} Ca

+H* +HCOy +2 CO;2 +OH-

¢ And simplifying:

Cy - C,=HCO; +2 CO,? + OH" - H
\ )
Y

= Alkalinity

* Now combining with equilibria
Cy— C,=Alk= (a, +20,)Cy+ K, /[H'] - H*

David Reckhow CEE 680 #35 27

X QiAlk;
Alk, =
Closed & Open = =
¢ Closed system * Open System
¢ Most common, especially in o Requires full equilibrium with bulk
treatment systems atmosphere or large volume of headspace
CT iS ﬁxed (from mass balance) H2CO3 iS ﬁxed (from fixed pCO2)

Alkahnlty is fixed or “conservative” (from mass balance)

-y N

Calculate pH (and other carbonate species)
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