CEE 680 Lecture #30 3/23/2020

Print version

Water Chemist

Lecture #30

Coordination Chemistry: case studies
(Stumm & Morgan, Chapt.6: pg.305-319)

David Reckhow CEE 680 #30

Summary of a few general rules

* At the intersection of sequential alphas, o;and o, :

Log[L] = pKis1
¢ At the peak of an intermediate alpha, o; , where i #
0, or the coordination number

Log[L] = 3(pK; + pKi11)

LogK; — LogK; 41
e This peak is also usually near intersection of the previous and
following alphas (i.e., o, and a,, ), and its maximum height is
estimated from:

1+1
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¢ Bisulfide Ligand

* Cyanide Ligand

——

Cadmium Complexes

)
| Species _|logK | LogBeta |

e

| Species ___llogk | LogBeta |

CdL LogK,=10.17  Logp;=10.17
CdL, Log K, = 6.36 Log B, = 16.53
CdLs logK,=218  Logp,=1871
CdL Log K, =2.19 Log B, =20.90

CdL Log K1 =532 Log B»] =5.32
CdL2 LOg K2 =505 LOg B2 =10.37
CdL3 Log K3 =4.46 LOg B3 =14.83
CdL4 LOg K4 =3.46 LOg B4 =18.29
David Reckhow CEE 680 #30
Cd-HS system
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0.0

Cd-HS system

Alpha
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Alpha

Cadmium Bisulfide
| Species _llogK | LogBeta |

* Specific Problem
¢ 5x104 M Cd total
e 103 M HS total

CdL Log K; = 10.17 Log B, =10.17
CdL logK,=636  LogB,=16.53
CdLs Log K, =2.18 Log f3; = 18.71
CdLs Log K, =2.19 Log B, = 20.90

David Reckhow
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Alpha

Cd-HS system

Log [L]

Alpha

5x10*M Cd,,,, + 10°M HS,,
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1x103M Cdy,,, + 5x10*M HS,;

............................................................................................. n-bar .(equ.)

Alpha
n-bar

n-bar (mags balance

Cadmium Cyanide
| Species __llogK | LogBeta |

Cdl Log K, =5.32 Log B4 =5.32

el LogK,=505  LogP,=10.37
CdL, Log K = 4.46 Log B3 = 14.83
Cal4 Log K, = 3.46 Log B, = 18.29

* Specific Problem
* 105 M Cd total
¢ 2.5x105M CN total

David Reckhow CEE 680 #30 12
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Alpha

Alpha

10°M Cdy,, + 2.5x10°M CN,,,

_|_n-bar (mass balance)

n-bar
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Alpha

10°M Cdyyy + 2.5x10°M CNyp,

n-bar (mass balance)

n-bar

Zinc Cyanide

ZnL

ZnL,
ZnL,
ZnL,

* Specific Problem

David Reckhow

* 104 M Zn total
* 5x104M CN total

CEE 680 #30

Log B, =5.7

Log B, =11.1
Log B3 =16.1
Log B, =19.6

3/23/2020



CEE 680 Lecture #30

Alpha

1.2
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Alpha

LOmplexdation
10*M Zn,,,,, + 5x10“M CN,,,

1.2

n-bar

Complexation
10°M Hgpyy + 3x10°M Cly,

Alpha

Log [L]

3/23/2020
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Alpha

Complexation
10°M AQroa + 10°M Brrow

P———

Aluminum Fluoride system

¢ Significance
e Aluminum in natural waters

e Aluminum in coagulation
* Thermodynamic Values: Smith & Martel (Benjamin)
e LogK =616 (7.0) * Log 1(4 =271 (2.70)
* LogK,=5.05 () * Log K,=1.46 (08)
* LogK,=3.091  (4.27) e Log K, =0 (-03)
* Now calculate alpha’s

= (14 g1+ BT+ + ALY

0
M

3/23/2020
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Aluminum Fluoride

T

Alpha
n-bar

Alpha
n-bar
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Natural Fluoride Figure 1.4, pg, 9in

Benjamin, 2015

| Figure 15.1, \X‘ﬁ/
pg.-873 in Stumm

"°I” & Morgan, 1996
i ]

0.0i 0.1

Parts per million
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uoride addition

* Balance between Dental Caries
and Fluorosis

http:/fluoride-math-tutorial.blogspot.com/

°* Recommended dose

Fig. 15.3 from Water
[ ]
0.7 to 1.2 mg/L, Based on temperature e e

th 1t
Average Fluoridation Levels by County LR 0. s

10.0

8.0

6.0

4.0 1

2.0

Caries Experience per Child in dmf teeth

Percent of Population Affected by Dental
Fluorosis

Average
Milligrams/Litre
[ <0.7 mgiL
[H0.7to 1.2 mgiL
121020 mglL
W >20mglL

00 1.0 20 3.0 40 5.0 6.0
Fluoride (F~) content, mg/L

Based on 2006 National Fluoridation Report

Al-F Problems & Discussion

* Typical WT Situation
e Alum dose = 33 mg/L
* Total Fluoride = 1.9 mg/L
* High Fluoride pulse & high alum dose
e Alum dose = 660 mg/L
e Total Fluoride = 190 mg/L
* Impacts of OH complexation?

David Reckhow CEE 680 #30 28

14



CEE 680 Lecture #30

Alpha

n-bar

——————

Iron Thiocyanate system

¢ Significance
* Metal plating wastewaters
e Used in colorimetric analysis of iron

¢ Thermodynamic Values

e LogK =21 L
e LogK, =119 Log K4 =
. =-0.1
« LogK, =0 t s
* Log K;=-0.9

* Now calculate alpha’s

E[(Aj/[_]: (1+181[L]+182[L]2 +"'+ﬁn[L]n)_l

=l gy

0

n
David Reckhow Cl M
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The pK’s = M e 001 09
Specific problem
* Total concentrations
L4 CM = 0.1 M
L CL = 0.1 M
* Mass based equation
e N-bar = 1-10[SCN"]
* Solution: n-bar = 0.85
e [Fe*3]=0.028M
e [FeSCN+*?] = 0.057M
e [Fe(SCN),*] = 0.014M
David Reckhow CEE 680 #30 39
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Fe-S problem

* Below are the equilibria for the Fe*> - HS system as listed in Benjamin’s book.
Note that are no equilibria for FeL, as this species is never significant. Prepare
a graph of alpha values (vs log[HS-]) for the this system. Using this graph
determine the complete ferrous-iron speciation in groundwater where the total
sulfide concentration is 0.2 mM and total ferrous iron is 0.1 mM. Assume the
pH of the groundwater is about 8.

Species
P HS-  PO,3
Fel,  EES

10.99

FeH, L 22.2
5

Log 8 values (From Table 8.3 ; pg 374)

David Reckhow CEE 680 #30 33

o specific standard, but
EPA has established a
Maximum Contaminant
Level (MCL) of 15
picoCuries per liter (pCi/L)
for alpha particle activity,
excluding radon and
uranium, in drinking water.

1 Ci=3.7x10'° dps

Thorium

232Th is 99.98% of natural abun
¢ weakly radioactive (t,,, = liRﬂ_liBPlrs)
e Most abundant radioactive element in nature
* Uses:
e Nuclear power: forms 233U
. 23290Th +n— 23390Th +y— 3 ,Pa—33 .U

* Health effects:
* Bone, liver and lung cancer 7 "
* Solvated by g waters (like many -
Lanthanide and Actinide elements @
David Reckhow CEE 680 #30
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C ti i/l t /L
* Spreadsheet calculation for Thorium-232
[Thorium 232AMU
EPA MCL 15pCi/L = 1.5E-nCi/L 1Ci = 3.7E+10d/s
0.555d/s/L
Th 232
t1/2= 14000000000Ye€ars
Avoga
k= 4.95105E-11per year dro's # 6.02E+23atoms/mole
disintegrat
ionrate=  2.98053E+13d/mole/yr = 944473.9d/mole/s
conc= 5.87629E-o7moles/L = 0.587629uM = 136ug/L
David Reckhow CEE 680 #30 35

Thorium: Actinide Element

Periodic Table of the Elements

‘Atomic.
Number

Symbol
Name
Aiomic Mass
4 5 6 7 8 9 10 "
v v vs i — it s
s 5 £ 78 s N i
22 23 24 25 6 27 28 29
Ti V Cr Mn)Fe| Co Ni Cu
Pl A Bt R’ Bt et vl s
Py S e ol T W R
40 41 42 43 45 46 47
Zr Nb Mo Tc Ru Rh Pd Ag
Zium Mo oo Toometum  Rulenum Mot Paleun S
e T A SR A
73 74 75 76 77 78 79
Re Os Ir Pt Au
Tl il mrwall ool neill rosell cu
T W OWNY OWE MR O a

105 106 107 108 109 110 111

S
Eaedd [ D B Ll B8 EINE] (st
1281] 1262] 266] 284] 269] 268] [259) 72 7

Lanthanide
Series

K—
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Thorium Concentrations

135
9.9
8.7
7.9
7.2
6.7
6.1
5.6
5.1
4.6
4.0
3.4
2.8
T 4 2.2

500 0 500 T 1.6

1500
: 0.8
(kilometers)

NAD27/*"DNAG T(I"I)(.")) I"!rl{l)m

® Surface
concentration
(in soil)

Thorium example |

100 I I
* In pure water

* Cp, = 0.01 pug/L @ THOH);

o Temp = 25°C% [

S]

2
[:_5 B _
= % Th(OHY2*
é : Pure H,O
Z |
E 40 — Y\I .\'(1,\
2 it Cr
; 3 ThOH-
From: Langmuir, I
1997; Fig. 3.12a, s B
Original source: Langmuir & 20 Th(OH)?}
Herman, 1980; Geochim. Et / ;
Cosmochim. Acta
44(11)1753-1766
0 ! '
2 4 6 8
David Reckhow ( (@ pH
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* Cgp, =100 mg/L

e Cp, =o0.01 pug/Lg
e Temp = 252C

Mole percent dissolved Th (IV) s

From: Langmuir, 1997,
Fig. 3.12b

Original source: Langmuir &
Herman, 1980; Geochim. Et
Cosmochim. Acta 44(11)1753-
1766

David Reckhow ®)

Thorium example |l

e In pure water with Slfate '

!
Th(OH);
Th(SO,)5
80 [~
60 [~
280, =100 mg/L
40 -
20 Th(OH)?' ot
ThSOZ™, /Th( 3
AN
0 ! ! |

_ \J 6 3
Th(SO, )2 oH

Up to 220 mg-Th/kg-P
in phosphate rock, less
in P from sewage sludge

¢ Groundwater composition

« Total fluoride = 0.3 mg/L Th-P solids
« Total chloride = 10 mg/L are less
bioavailable

« Total phosphate = 0.1 mg/L
. T(I)tal sulfalte =100 mg/L

100 I

80 [~

Th(S0,)5
60 [~

Mole percent dissolved Th (IV) species

Thorium example Il

David Reckhow  (a)

HE - -

Th(HPO,)?~ Th(OH)§
3

From: Langmuir,
1997; Fig. 3.13a,

Original source: Langmuir &
Herman, Geochim. Et |
Cosmochim. Acta

44(11)1753-1766

pH

3/23/2020
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Thorium example IV

David Reckhow

e With organics

100

80

60

40

Mole percent dissolved Th (IV) species

(b)

e Same inorganic groundwater composition

 Total oxalate = 1.0 mg/L

« Total EDTA = d.a1mg

From: Langmuir,
1997; Fig. 3.13b,
Original source: Langmuir &
Herman1980; Geochim. Et
Cosmochim. Acta
44(11)1753-1766

TG00

Th(CoH,0gN5)°

Th(OH);

——

In the human body

0
PN
N
H H
"‘/\r o
H
0

e “The thorium(IV) ion

10.0 4 readily reacts with in vivo
a 1 amino acids, peptides,
5 1 _ 2 ;
5 8.0 1 mM total glycylglycine (L) nucleic acids, proteins,
_————
E etc. to form stable
c T .
. complexes which are
© .0 4 g . .
= | distributed in the body,
g i primarily in the liver,
S 4.0 bone, and kidneys”
8 ]
%]
8 4
w 2.0
=
‘ro B
2 T Kiani et al., 2009 J. Chem. Eng. Data,
0.0 T T T T T T T T T 54(12) 3.247-3251, “Cn.mplex Formation
2.0 4.0 6.0 8.0 10.0 PR ittt -
- log[H"]

3/23/2020

21



CEE 680 Lecture #30

//—\ 2

—

Another dipeptide “Z”AL[NH" "

¢ This time with 1 mM total glycylvaline (L)

9.0

tE> 7.5 4
=) 4
£ ]
75 6.0 4
*@‘ 4
£ |
8 4.5
[=

5 ]
Q

2 |
2 3.0 A
[%

@ |
o

& |
> 15
=<t

2 ,

0.0
2.5

10.5 12.5

o]

H,

Kiani et al., 2009 J. Chem. Eng. Data,
54(12) 3247-3251, “Complex Formation|
of Thorium(IV) Ton with Glycyl-
Glycine and Glyeyl-Valine”

43

David Reckhow

CEE 680 #30

44

3/23/2020

22



CEE 680 Lecture #30

Fe-S problem

* Below are the equilibria for the Fe*> - HS system as listed in Benjamin’s book.
Note that are no equilibria for FeL, as this species is never significant. Prepare
a graph of alpha values (vs log[HS-]) for the this system. Using this graph
determine the complete ferrous-iron speciation in groundwater where the total
sulfide concentration is 0.2 mM and total ferrous iron is 0.1 mM. Assume the
pH of the groundwater is about 8.

Species
P HS-  PO,3
Fel,  EES

10.99

22.25

Log 8 values (From Table 8.3 ; pg 374)

David Reckhow CEE 680 #30 45

CaICU|at|0nS Log R values (From Table 8.3 ; pg 374)
e calculations .
[FeL,] 8.95

p,=1lt s - — EEMN 0.9

[Fe] [L?] o

David Reckhow CEE 680 #30 46
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n-éar (equ

w
o
n-bar

David 1 LOQ [L] 47

04 - 2.0
0.3 b TN e T e 15
0.2 A : 1.0
0.1 § - 05
0.0 : : : : NN ‘ : 0.0
50 -49 48 47 46 -45 44 43 42 41 40
David Rec Log [L] 48
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P———

Species

HS- 5.37E-05 -4.27

Fe+ 2.70E-05 -4.57

Fe(HS),° 7.30E-05 -4.14

Fe(HS), o

H+ 1.00E-08 -8
1.00E-06 -6
5.75E-06 -5.24

5.37E-1 -10.27

David Reckhow CEE 680 #30 49
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