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Text S1. Linear Combination Fitting: Linear combination fitting (LCF) is used to estimate the
relative proportions of distinct phases in a sample containing a mixture of various phases.
Mathematically, LCF can be represented as:

Measured Data = (Comp 1 * Coeff 1) +(Comp 2 * Coeff 2) + ... + (Comp n * Coeff n) (1)

In Equation 1, the data for each component (Comp) is multiplied by a coefficient (Coeff). The best
fit is achieved by varying the coefficients for each component freely or within defined limits.

In this study, LCF is used to test if the experimental PDFs are made up of one or more of the
structures proposed by Das?, including the Fe;; delta-Keggin structure. Fitting involves
representing the experimental PDF as a linear combination of up to 18 component PDFs
corresponding to different structures obtained from Das’. The experimental PDFs for the samples
synthesized at pH 1.0, 1.5, 2.5, and 4.5 were evaluated using LCF analysis. While LCF typically uses
ordinary least squares regression to minimize the sum of squared residuals, incorporating many
component spectra can introduce challenges such as overfitting and collinearity. To mitigate
these effects, we used two different approaches that are detailed in the following.
L1-Regularization LCF: In the first approach, L1 regularization, also known as Lasso (Least
Absolute Shrinkage and Selection Operator) regression, was incorporated into LCF fitting to assist
in automatically selecting a subset of the 18 components that best describe the experimental
data. L1 regularization adds a penalty to the objective function proportional to the absolute value
of the coefficients. This has the property of driving some coefficients to zero, effectively selecting
a subset of candidates and thereby minimizing the impacts of the potential issues noted above.

The objective and penalty can be represented as:
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In Equation 2, Y is the experimental PDF, X is the matrix of candidate spectra, B is a vector of
coefficients for each candidate spectrum, and Ais the regularization parameter controlling the
strength of the penalty. A A of 0.005 was chosen for the fit results reported here.
Combinatorial LCF: In a second approach, we combined LCF with combinatorial analysis and
ordinary least squares regression to evaluate all possible combinations of the components. Given
18 components, the total number of possible combinations amounts to 262,143. Using Python
(v3.11), the code calculated and compared evaluation metrics, including Mean Squared Error,
Root Mean Squared Error, and R-squared for each fit. After evaluating all possible combinations,

the code identified the combination and corresponding coefficients that provided the best fit

based on the highest R-squared value.



Table S1. Selected details for the DFT-optimized structures reported by Das?.

Number Structure ID Description Composition
1 Fel Monomer Fe(H,0)e3*
2 Fe2a Dimer (ES, O) Fe,(H,0)6(OH) 4%
3 Fe2b Dimer (ES, O) Fe,(H,0)s(0OH)4%*
4 Fe2c Dimer (ES, O) Fea(H,0)g(OH),*
5 Fe2d Dimer (ES, O) Fe,(H,0)s(0OH),*
6 Fe2e Dimer (ES, O) Fe,(H,0)s(OH),%
7 Fe2f Dimer (CS, O) Fe,0(H,0)10*
8 Fe2g Dimer (CS, O) Fe,OH(H,0)10°*
9 Fe3a Trimer (ES, O) FesO(OH)s(H,0)g**
10 Fe3b Trimer (ES, O) FesO(OH)s(H,0)g**
11 Fe3c Trimer (ES, O) Fes(OH)4(H,0)10°*
12 Fe3d Trimer (ES, O) Fes(OH)4(H,0)10°*
13 Feda Tetramer (ES, O) Fe40,(0H)4(H,0)10**
14 Fedb Tetramer (ES, O) Fe4(OH)g(H,0)s*
15 Fe5 Pentamer (ES, O) Fes03(0H)s(H,0)11%*
16 Fe5 Pentamer (ES, O) Fes03(0H)s(H,0)11%*
17 Fe7 Heptamer (ES, CS, OT) Fe;0(OH)1,(H,0)1,7*
18 Fel3a Keggin ion [FeO4(Fe(OH),(H,0))1,17*
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Figure S1. Selected SAXS profiles of background subtracted samples at pH 1.0 (open circle) and
4.5 (triangles) and their Dv(R) fits (solid lines) for (a) 0.05 M (b) 0.1 M, and (c) 0.3 M Fe
concentrations.
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Figure S2. a) LCF fit and different spectrum and b) Weighted component spectra and calculated
some for pH 1.0 sample
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Figure S3. a) LCF fit and different spectrum and b) Weighted component spectra and calculated

some for pH 1.5 sample
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Figure S4. a) LCF fit and different spectrum and b) Weighted component spectra and calculated
some for pH 2.5 sample
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Figure S5. a) LCF fit and different spectrum and b) Weighted component spectra and calculated

some for pH 4.5 sample
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Figure S6. Selected SAXS profiles of background subtracted samples on days 0 (open circle) and
30 (triangles) and their Dv(R) fits (solid lines) for pH (a) 1.0, (b) 1.5, and (c) 2.5
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