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Figure S1 - Aqueous speciation of (A) Pu(IV) and (B) Pu(V) in a carbonate-free environment.  [Pu] = 10-8 M.  Modeling 
performed using HySS 2009.  Hydrolysis constants obtained from Clark et al.1

Figure S2 - Aqueous speciation of (A) Pu(IV) and (B) Pu(V) in a solution containing 0.1 M carbonate.  [Pu] = 10-8 M.  Modeling 

performed using HySS 2009.  Hydrolysis constants obtained from Clark et al.1  pKa and log  values for carbonate complexes β °1,i
taken from Stumm and Morgan2 and Table S1, respectively.
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Table S1 – Calculated log  values for Pu(VI), Pu(V), and Pu(IV) complexation with carbonate at zero ionic strength. Adapted β °1,i
from Clark et al.3

Species Formation Reaction
Log β

°
1,i

PuO2(CO3) 𝑃𝑢𝑂 + 2
2 + 𝐶𝑂 ‒ 2

3 ⇌𝑃𝑢𝑂2(𝐶𝑂3) 8.4 ± 0.3

PuO2(CO3)2
-2 𝑃𝑢𝑂 + 2

2 + 2𝐶𝑂 ‒ 2
3 ⇌𝑃𝑢𝑂2(𝐶𝑂3) ‒ 2

2 15.1

PuO2(CO3)3
-4 𝑃𝑢𝑂 + 2

2 + 3𝐶𝑂 ‒ 2
3 ⇌𝑃𝑢𝑂2(𝐶𝑂3) ‒ 4

3 18.5

PuO2(CO3)- 𝑃𝑢𝑂 +
2 + 𝐶𝑂 ‒ 2

3 ⇌𝑃𝑢𝑂2(𝐶𝑂3) ‒ 5.1 ± 0.1

PuO2(CO3)3
-5 𝑃𝑢𝑂 +

2 + 3𝐶𝑂 ‒ 2
3 ⇌𝑃𝑢𝑂2(𝐶𝑂3) ‒ 5

3 8.2 ± 2.1

Pu(CO3)+2 𝑃𝑢 + 4 + 𝐶𝑂 ‒ 2
3 ⇌𝑃𝑢(𝐶𝑂3) + 2 19.4 ± 0.7

Pu(CO3)2 𝑃𝑢 + 4 + 2𝐶𝑂 ‒ 2
3 ⇌𝑃𝑢(𝐶𝑂3)2 33.5 ± 1.0

Pu(CO3)3
-2

 𝑃𝑢 + 4 + 3𝐶𝑂 ‒ 2
3 ⇌𝑃𝑢(𝐶𝑂3) ‒ 2

3 42.7 ± 0.8

Pu(CO3)4
-4 𝑃𝑢 + 4 + 4𝐶𝑂 ‒ 2

3 ⇌𝑃𝑢(𝐶𝑂3) ‒ 4
4 45.3 ± 0.8

Pu(CO3)5
-6 𝑃𝑢 + 4 + 5𝐶𝑂 ‒ 2

3 ⇌𝑃𝑢(𝐶𝑂3) ‒ 6
5 44.5 ± 0.8

Calculation supporting hypothesis 5, Stabilization of Pu(IV) on the mineral surface due to 
increased concentration gradient within the EDL

Assumptions based on the work of Romanchuk et al.4: 

 [Pu]T = 10-10 M
 99% sorption
 hematite surface area is 35 m2/g and based on 1 g of material
 hematite particles are 50 nm in diameter and spherical

To calculate the surface area of each individual hematite particle:

𝐴 = 4𝜋𝑟2 = 4𝜋(25𝑛𝑚)2 = 31415 𝑛𝑚2 = 3.14 × 10 ‒ 14 𝑚2

The total surface area is 35 m2, therefore there are 1015 particles present.

The control volume can be calculated by subtracting the volume of a sphere with a radius equal 
to that of a hematite particle (rh; in nm) from the volume of a sphere with radius equal to rh + 1.

𝑉𝑟ℎ
=

4
3

𝜋𝑟3 =
4
3

𝜋(25 𝑛𝑚)3 = 65450 𝑛𝑚3

𝑉𝑟ℎ + 1 =
4
3

𝜋𝑟3 =
4
3

𝜋(26 𝑛𝑚)3 = 73622 𝑛𝑚3

73622 𝑛𝑚3 ‒ 65450 𝑛𝑚3 = 8172 𝑛𝑚3 ×
10 ‒ 24 𝐿

𝑛𝑚3
= 8.172 × 10 ‒ 21 𝐿
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Therefore, the total control volume is (1015 particles)*(8.172 x 10-21 L) = 9 x 10-6 L. Depending 
upon the initial volume of solution (10 mL to 1 L), the concentration of plutonium in the control 
volume is 10-7 – 10-5 M.
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