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Table S1. Observed pseudo first order rate constants for the hydrolysis of PP(III) and calculation of k1 and demonstration of 

second order dependence on H
+
 at acidic pH. 

pH H
+
  

(M) 

kobs  

(s
-1

) 

kobs/H
+
  

(M
-1

 s
-1

) 

(kobs/H
+
)-k2 

 

k1 

(M
-2

 s
-1

) 

0.66 2.19 x 10
-1

 1.13 x 10
-2

 5.15 x 10
-2

 4.21 x 10
-2

 1.93 x 10
-1

 

0.66 2.19 x 10
-1

 1.09 x 10
-2

 4.97 x 10
-2

 4.03 x 10
-2

 1.84 x 10
-1

 

0.8 1.58 x 10
-1

 5.77 x 10
-3

 3.64 x 10
-2

 2.70 x 10
-2

 1.71 x 10
-1

 

1.0 1.00 x 10
-1

 2.62 x 10
-3

 2.62 x 10
-2

 1.68 x 10
-2

 1.68 x 10
-1

 

1.05 8.91 x 10
-2

 2.61 x 10
-3

 2.93 x 10
-2

 1.99 x 10
-2

 2.24 x 10
-1

 

1.05 8.91 x 10
-2

 3.84 x 10
-3

 4.31 x 10
-2

 3.37 x 10
-2

 3.78 x 10
-1

 

1.6 2.51 x 10
-2

 3.99 x 10
-4

 1.59 x 10
-2

 6.50 x 10
-3

 2.59 x 10
-1

 

2 1.00 x 10
-2

 1.02 x 10
-4

 1.02 x 10
-2

 8.16 x 10
-4

 - 

3 1.00 x 10
-3

 1.00 x 10
-5

 1.00 x 10
-2

 6.25 x 10
-4

 - 

3.5 3.16 x 10
-4

 3.20 x 10
-6

 1.01 x 10
-2

 7.29 x 10
-4

 - 

4 1.00 x 10
-4

 1.10 x 10
-6

 1.10 x 10
-2

 1.64 x 10
-3

 - 

5 1.00 x 10
-5

 3.25 x 10
-7

 - - - 

6 1.00 x 10
-6

 1.94 x 10
-7

 - - - 

7 1.00 x 10
-7

 1.14 x 10
-7

 - - - 

8 1.00 x 10
-8

 1.52 x 10
-7

 - - - 

11 1.00 x 10
-11

 1.20 x 10
-4

 - - - 

12 1.00 x 10
-12

 1.27 x 10
-3

 - - - 

13 1.00 x 10
-13

 1.55 x 10
-2

 - - - 

13 1.00 x 10
-13

 1.68 x 10
-2

 - - - 

13.5 3.16 x 10
-14

 5.05 x 10
-2

 - - - 

 

 

 

Table S2. Table of calculated fractional species of PP(III) and total rate at a given pH 

pH Fraction 

PP(III) 

Fraction 

PP(III)
-
 

Fraction 

PP(III)
2-

 

k1[H
+
]

2 

(M
-2

s
-1

) 

k2[H
+
] 

(M
-1

s
-1

) 

kOH[OH] 

(M
-1

s
-1

) 

k1[H]
2
 + k2[H] + ko

 

+ kOH[OH] 

-2 9.90 x 10
-1

 9.90 x 10
-3

 3.59 x 10
-5

 2.00 x 10
3
 9.40 x 10

-1
 1.35 x 10

-17
 2.00 x 10

3
 

-1 9.06 x 10
-1

 9.06 x 10
-2

 3.29 x 10
-3

 2.00 x 10
1
 9.40 x 10

-2
 1.35 x 10

-16
 2.01 x 10

1
 

0 4.23 x 10
-1

 4.23 x 10
-1

 1.54 x 10
-1

 2.00 x 10
-1

 9.40 x 10
-3

 1.35 x 10
-15

 2.09 x 10
-1

 

1.0 2.11 x 10
-2

 2.11 x 10
-1

 7.67 x 10
-1

 2.00 x 10
-3

 9.40 x 10
-4

 1.35 x 10
-14

 2.94 x 10
-3

 

2.0 2.68 x 10
-4

 2.68 x 10
-2

 9.73 x 10
-1

 2.00 x 10
-5

 9.40 x 10
-5

 1.35 x 10
-13

 1.14 x 10
-4

 

3.0 2.75 x 10
-6

 2.75 x 10
-3

 9.97 x 10
-1

 2.00 x 10
-7

 9.40 x 10
-6

 1.35 x 10
-12

 9.72 x 10
-6

 

4.0 2.75 x 10
-8

 2.75 x 10
-4

 1.00 2.00 x 10
-9

 9.40 x 10
-7

 1.35 x 10
-11

 1.06 x 10
-6

 

5.0 2.75 x 10
-10

 2.75 x 10
-5

 1.00 2.00 x 10
-11

 9.40 x 10
-8

 1.35 x 10
-10

 2.14 x 10
-7

 

6.0 2.75 x 10
-12

 2.75 x 10
-6

 1.00 2.00 x 10
-13

 9.40 x 10
-9

 1.35 x 10
-9

 1.31 x 10
-7

 

7.0 2.75 x 10
-14

 2.75 x 10
-7

 1.00 2.00 x 10
-15

 9.40 x 10
-10

 1.35 x 10
-8

 1.34 x 10
-7

 

8.0 2.75 x 10
-16

 2.75 x 10
-8

 1.00 2.00 x 10
-17

 9.40 x 10
-11

 1.35 x 10
-7

 2.55 x 10
-7

 

9.0 2.75 x 10
-18

 2.75 x 10
-9

 1.00 2.00 x 10
-19

 9.40 x 10
-12

 1.35 x 10
-6

 1.47 x 10
-6

 

10.0 2.75 x 10
-20

 2.75 x 10
-10

 1.00 2.00 x 10
-21

 9.40 x 10
-13

 1.35 x 10
-5

 1.36 x 10
-5

 

11.0 2.75 x 10
-22

 2.75 x 10
-11

 1.00 2.00 x 10
-23

 9.40 x 10
-14

 1.35 x 10
-4

 1.35 x 10
-4

 

12.0 2.75 x 10
-24

 2.75 x 10
-12

 1.00 2.00 x 10
-25

 9.40 x 10
-15

 1.35 x 10
-3

 1.35 x 10
-3

 

13.0 2.75 x 10
-26

 2.75 x 10
-13

 1.00 2.00 x 10
-27

 9.40 x 10
-16

 1.35 x 10
-2

 1.35 x 10
-2

 

14.0 2.75 x 10
-28

 2.75 x 10
-14

 1.00 2.00 x 10
-29

 9.40 x 10
-17

 1.35 x 10
-1

 1.35 x 10
-1

 

 

 

 

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013



 

 

 

-2 0 2 4 6 8 10 12 14

0.0

0.2

0.4

0.6

0.8

1.0

 PP(III)

 PP(III)
-

 PP(III)
2-

 

 
F

ra
ct

io
n
 o

f 
sp

ec
ie

s

pH

 

Figure S1. Speciation plot for PP(III) assuming pKas of 0 and 0.44. 
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PP(V) 

pH Fraction 

PP(V) 

Fraction 

PP(V)
-
 

Fraction 

PP(V)
2-

 

Fraction 

PP(V)
3-

 

Fraction 

PP(V)
4-

 

kH [H
+
] 

(M
-1

s
-1

) 

ko
  
PP(V) 

(s
-1

) 
 

k- PP(V)
- 

(s
-1

) 

k2- PP(V)
2- 

(s
-1

) 

k3- PP(V)
3- 

(s
-1

) 

k4- PP(V)
4- 

(s
-1

) 

kH[H
+
] + ko 

PP(V) + k- 

PP(V)
-
+k2- 

PP(V)
2-

+ k3- 

PP(V)
3-

+k4- 

PP(V)
4-

 

-2 9.98 x 10
-1

 1.62 x 10
-3

 3.09 x 10
-7

 7.75 x 10
-16

 3.09 x 10
-27

 1.30 x 10
-3

 9.98 x 10
-8

 1.13 x 10
-10

 1.08 x 10
-14

 8.29 x 10
-25

 2.65 x 10
-39

 1.30 x 10
-3

 
-1 9.84 x 10

-1
 1.60 x 10

-2
 3.04 x 10

-5
 7.64 x 10

-13
 3.04 x 10

-23
 1.28 x 10

-4
 9.84 x 10

-8
 1.12 x 10

-9
 1.06 x 10

-12
 8.17 x 10

-22
 2.61 x 10

-35
 1.28 x 10

-4
 

0 8.58 x 10
-1

 1.39 x 10
-1

 2.65 x 10
-3

 6.66 x 10
-10

 2.65 x 10
-19

 1.12 x 10
-5

 8.58 x 10
-8

 9.74 x 10
-9

 9.28 x 10
-11

 7.13 x 10
-19

 2.28 x 10
-31

 1.13 x 10
-5

 
1.0 3.41 x 10

-1
 5.53 x 10

-1
 1.05 x 10

-1
 2.65 x 10

-7
 1.05 x 10

-15
 4.44 x 10

-7
 3.41 x 10

-8
 3.87 x 10

-8
 3.69 x 10

-9
 2.83 x 10

-16
 9.06 x 10

-28
 5.20 x 10

-7
 

2.0 2.08 x 10
-2

 3.37 x 10
-1

 6.42 x 10
-1

 1.61 x 10
-5

 6.42 x 10
-13

 2.70 x 10
-9

 2.08 x 10
-9

 2.36 x 10
-8

 2.25 x 10
-8

 1.73 x 10
-14

 5.52 x 10
-25

 5.08 x 10
-8

 
3.0 3.07 x 10

-4
 4.98 x 10

-2
 9.50 x 10

-1
 2.39 x 10

-4
 9.50 x 10

-11
 3.99 x 10

-12
 3.07 x 10

-11
 3.49 x 10

-9
 3.32 x 10

-8
 2.55 x 10

-13
 8.16 x 10

-23
 3.68 x 10

-8
 

4.0 3.21 x 10
-6

 5.21 x 10
-3

 9.92 x 10
-1

 2.49 x 10
-3

 9.92 x 10
-9

 4.17 x 10
-15

 3.21 x 10
-13

 3.65 x 10
-10

 3.47 x 10
-8

 2.67 x 10
-12

 8.52 x 10
-21

 3.51 x 10
-8

 
5.0 3.16 x 10

-8
 5.12 x 10

-4
 9.75 x 10

-1
 2.45 x 10

-2
 9.75 x 10

-7
 4.10 x 10

-18
 3.16 x 10

-15
 3.58 x 10

-11
 3.41 x 10

-8
 2.62 x 10

-11
 8.38 x 10

-19
 3.42 x 10

-8
 

6.0 2.59 x 10
-10

 4.19 x 10
-5

 7.99 x 10
-1

 2.01 x 10
-1

 7.99 x 10
-5

 3.36 x 10
-21

 2.59 x 10
-17

 2.94 x 10
-12

 2.80 x 10
-8

 2.15 x 10
-10

 6.86 x 10
-17

 2.82 x 10
-8

 
7.0 9.19 x 10

-13
 1.49 x 10

-6
 2.84 x 10

-1
 7.13 x 10

-1
 2.84 x 10

-3
 1.19 x 10

-24
 9.19 x 10

-20
 1.04 x 10

-13
 9.94 x 10

-9
 7.63 x 10

-10
 2.44 x 10

-15
 1.07 x 10

-8
 

8.0 1.19 x 10
-15

 1.94 x 10
-8

 3.69 x 10
-2

 9.26 x 10
-1

 3.69 x 10
-2

 1.55 x 10
-28

 1.19 x 10
-22

 1.35 x 10
-15

 1.29 x 10
-9

 9.91 x 10
-10

 3.17 x 10
-14

 2.28 x 10
-9

 
9.0 9.19 x 10

-19
 1.49 x 10

-10
 2.84 x 10

-3
 7.13 x 10

-1
 2.84 x 10

-1
 1.19 x 10

-32
 9.19 x 10

-26
 1.04 x 10

-17
 9.94 x 10

-11
 7.63 x 10

-10
 2.44 x 10

-13
 8.63 x 10

-10
 

10.0 2.59 x 10
-22

 4.19 x 10
-13

 7.99 x 10
-5

 2.01 x 10
-1

 7.99 x 10
-1

 3.36 x 10
-37

 2.59 x 10
-29

 2.94 x 10
-20

 2.80 x 10
-12

 2.15 x 10
-10

 6.86 x 10
-13

 2.18 x 10
-10

 
11.0 3.16 x 10

-26
 5.12 x 10

-16
 9.75 x 10

-7
 2.45 x 10

-2
 9.75 x 10

-1
 4.10 x 10

-42
 3.16 x 10

-33
 3.58 x 10

-23
 3.41 x 10

-14
 2.62 x 10

-11
 8.38 x 10

-13
 2.71 x 10

-11
 

12.0 3.23 x 10
-30

 5.23 x 10
-19

 9.97 x 10
-9

 2.51 x 10
-3

 9.97 x 10
-1

 4.20 x 10
-47

 3.23 x 10
-37

 3.66 x 10
-26

 3.49 x 10
-16

 2.68 x 10
-12

 8.57 x 10
-13

 3.54 x 10
-12

 
13.0 3.24 x 10

-34
 5.25 x 10

-22
 1.00 x 10

-10
 2.51 x 10

-4
 1.00 4.21 x 10

-52
 3.24 x 10

-41
 3.67 x 10

-29
 3.50 x 10

-18
 2.69 x 10

-13
 8.59 x 10

-13
 1.13 x 10

-12
 

14.0 3.24 x 10
-38

 5.25 x 10
-25

 1.00 x 10
-12

 2.51 x 10
-5

 1.00 4.21 x 10
-57

 3.24 x 10
-45

 3.67 x 10
-32

 3.50 x 10
-20

 2.69 x 10
-14

 8.59 x 10
-13

 8.86 x 10
-13

 
 

 

Table S3. Table of calculated fractional species of PP(V) and total rate at a given pH.
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Figure S2. Speciation plot for PP(V) using pKa values of 0.79, 1.72, 6.6 and 9.4. 
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