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Fig. S1. B3LYP-D3/6-31++G** optimized structures of the three key intermediates in

the Fenton reaction.
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Linear regression of pK;, and AGgeprot
Table S1. CPCM-PBEO0-D3/6-31+G* deprotonation free energies (kcal/mol) and

experimental pK,’s for aqueous transition metal ions.

complex AG gepros pK, Ref.
[Mn!'(H,0)¢]>* 229.3 0.08 a
[Fell(H,0)6]3* 240.2 2.2 a
[Scl(H,0)6]3* 245.7 4.3 b
[(H,0)sFel'((OH)]** 259.4 6.33 c
[Cu{(H,0)6]*" 267.5 8 d,e
[Fel'(H,0)s]?" 274.6 9.5 a
[Mn''(H,0)4]** 279.2 10.8 a,d

Ref. a. Inorg. Chem. 35, 4694—-4702, 1996. Ref. b. J. Am. Chem. Soc. 121, 3234-3235,
1999. Ref. c. Inorg. Chem. 38, 603—605, 1999. Ref. d. Aquatic Chemistry: Chemical
Equilibria and Rates in Natural Water, 3rd ed.; John Wiley & Sons: New York, 1996.
Ref. e. Hydrolysis of Cations; Robert E; Krieger Publishing Company: Malabar, FL,
1976.
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Fig. S2. Plot of linear regression between experimental pK, and theoretical AG epror.
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Table S2. Theoretical pK,’s estimated by using linear equation pK, = 0.20847AG jepror
—47.59790.

complex AGgepros pK.(theor.) pK.(expt.) Ref.
[Ti'"(H,0)]** 237.1 1.8 2.15 a
[VII(H,0)6]** 242.7 3.0 2.6 b
[Cr(H,0)6]** 246.9 3.9 3.7 c
[Co''(H,0)s]*" 274.3 9.6 9.7 c
[Co(H,0)]** 229.2 0.2 0.5 c
[Nil[(H,0)¢]** 273.8 9.5 9.9 d
[VIV(O)(H,0)s]**  256.7 5.9 5.3-6.0 e—i

Ref. (a) J. Chem. Soc., Dalton Trans. 596601, 1977. (b) Inorg. Chem.40,3101-3112,
2001. (¢) J. Chem. Educ. 73, 516-517, 1996. (d) Inorg. Chem. 46, 7971-7981, 2007.
(e) In Comprehensive Coordination Chemistry; Wilkinson, G., Gillard, R. D.,
McCleverty, J. A., Eds.; Pergamon Press: New York, 1987; Vol. 3. (f) Inorg. Chem.
14, 2860—2862, 1975. (g) J. Chem. Soc., Dalton Trans. 1156—1159, 1973. (h) Acta
Chem. Scand. 9, 1177-1192, 1955. (i) An. Quim. 628, 123—193, 1966.
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Fig. S3. CPCM-PBEO0-D3/6-31+G* optimized  structure  for  cis-
[(H20)4Fe'(OH)(H,0,)]".
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Fig. S4. CPCM-PBE0-D3/6-31+G* optimized structures for cis- and trans-
[(H,0)4Fe''(OH)(H,0,)]*-H,0 and cis- and trans-[(H,0),Fe''(OH)(OOH)]-H,O.
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Fig. S5. CPCM-M06/6-31+G* optimized geometries of the reactant complex,
intermediates, and transition states for the Fenton reaction starting from
[(H20)sFe!'(H,0,)]*".
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Fig. S6. CPCM-PBE0-D3/6-31+G* optimized geometries of the reactant complex,
intermediates, and transition states for the Fenton reaction starting from
[(H,0)sFe"(H,0,)1**(H,0)1».
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Table S3. Relative free energies of Fenton reactions starting from reactant complexes
[(H20)sFe'(H,0,)]*, [(H,0)sFe!'(H,02)]*"(H0)12, and
[(H,0)sFe!'(H,0,)]*"H;0%(H0),2.1

[(H,0)sFe"(H,0,)]1**
method RC  TSoo INTomeon TSexs  INToy
PBEO0-D3/6-31+G(d) 0.0 16.0 8.8 16.9 -3.3
PBEO0-D3/Def2-TZVP 0.0 18.0 11.0 17.8 -0.6
PW6B95/6-31+G(d) 0.0 17.9 12.1 20.9 -1.0
[(H20)sFe'(H,0,)]**-(H,0)12
method RC  TSoo INTomeorn TSee  INTox
PBE0-D3/6-314G(d) 0.0 14.2 6.7 13.6 338
PBE0-D3/Def2-TZVP 0.0 16.0 7.6 13.1 -1.2
PW6B95/6-31+G(d) 0.0 15.7 7.6 15.6 3.9
[(H,0)sFe'(H,0,)1*"-H;0*(H,0)12
method RC  INTomeon INTow  INTramseon
PBE0-D3/6-31+G(d) 0.0 1.6 34 3.6
PBEO0-D3/Def2-TZVP 0.0 2.9 —-0.4 =2.7
PW6B95/6-314G(d) 0.0 53 0.4 0.0

“Geometry optimizations and vibrational frequencies for free energy corrections were
carried out at PBE0-D3/6-31+G(d) level.

Table S4. Relative free energies of Fenton reactions starting from reactant complexes
[(H0)sFe'(OOH)]" and [(H,0)sFe"(OOH)]*-(H,0)1,.*

[(H,0)sFe'(OOH)]*
method RC TSoo INToxyieon  TShat INT 4x0-0H
PBE0-D3/6-31+G(d) 0.0 14.3 13.3 12.8 -10.2
PBEO0-D3/Def2-TZVP 0.0 16.2 15.5 14.4 -7.5
PW6B95/6-31+G(d) 0.0 16.2 15.9 16.1 -7.3
[(H,0)sFe(OOH)]"(H20)12

method RC TSoo INToxyieon  TShat INT xo-0H
PBE0-D3/6-31+G(d) 0.0 11.7 8.0 7.1 =7.7
PBEO0-D3/Def2-TZVP 0.0 14.0 10.5 9.2 —-4.4
PW6B95/6-31+G(d) 0.0 13.9 11.5 11.4 =55

“Geometry optimizations and vibrational frequencies for free energy corrections were
carried out at PBE0-D3/6-31+G(d) level.
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Table S5. Relative free energies of Fenton reactions starting from reactant complexes
trans-[(H,0)sFe''(OOH)(OH)]-(H,0);; and cis-[(H,0)sFe''(OOH)(OH)]-(H,0);,.
trans-[(H,0)sFe''(OOH)(OH)]-(H,0)1»

method ‘RC  'TSoo  'INToxyeon ‘TSuar  'INTexodion
PBEO0-D3/6-31+G(d) 0.0 11.6 5.1 4.7 -13.8
PBEO0-D3/Def2-TZVP 0.0 13.7 7.7 7.0 -10.2
PW6B95/6-31+G(d) 0.0 14.1 9.5 9.3 -11.3
cis-[(H,0)sFe'(OOH)(OH)]-(H20)12
method ‘RC “TSoo  “INToyeon TSuar  “INToxegion
PBE0-D3/6-314G(d) 04 8.7 0.4 1.0 ~19.2
PBEO0-D3/Def2-TZVP 0.3 10.4 2.6 0.8 -15.9
PW6B95/6-31+G(d) 0.6 10.2 3.5 2.6 -17.7

“Geometry optimizations and vibrational frequencies for free energy corrections were
carried out at PBE0-D3/6-31+G(d) level.
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