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Experimental Methods

Table S1: Ratio of water molecules to dissolved ionic species for the ferric chloro- and nitrate

solutions.

Molality
(mol/kg)

0.05
0.1
0.2
0.3
0.4
0.5
0.6

Table S1 shows the relationship between the molality of the prepared solutions and additional
composition ratios including molarity and mol %. The number of waters to each on assuming

complete dissociation of the salt into four ionic species is also shown.

Table S2: pH values of prepared solutions.

[Fe]
0.00
0.05
0.10
0.20
0.30
0.40
0.50
0.60

Molarity

(mol/L)

0.05
0.1
0.2
0.3
0.4
0.5
0.6

pH FeCls
5.6
2.2
1.9
1.6
1.4
1.3
1.2
1.1

Mol%

0.2
0.4
0.7
1.1
1.4
1.8
2.1

# of Water

assuming

complete dissociation

76
38
19
13
10

8

6

pH Fe(NO3)s

5.6
2.2
1.8
1.4
1.2
1.0
0.9
0.8

a. All pH values were measured to be accurate within 0.1 units (+10)

Table S2 shows the measured concentration dependent pH values for the ferric chloride and
ferric nitrate solutions. pH values are the result of averaging three independently prepared

solutions and were not observed to change over a 24hr period.
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1. Collection of Experimental Polarized Raman Spectra

Vertically polarized excitation light (532 nm) is first scattered off the sample. The vertically
polarized and horizontally polarized (90° from incident polarization) is collected in a 180°
geometry from the initial excitation orientation. Sample spectra are subtracted from the spectra of

the empty sample compartment.

V-polarized (scatter)
H-polarized (scatter)

V-polarized (excitation) Sample

Figure S1: Excitation and collection light positioned in a 180° experimental geometry.
Excitation light is polarized vertically (V) and the polarization of the scattered light is collected
in both horizontal (H) and vertical (V) polarizations.

Due to both the geometry and polarization of the excitation and collected light, the observed

spectra are proportional to:!
H=3f (1)
V=450 +4p5° (2)
where o (isotropic) and p? (anisotropic) are the invariants of the Raman polarizability tensor. This

leads to the calculation for the purely isotropic and anisotropic spectra by:
I"(w)=V(0)-(4/3)H(0)=450" (o) 3)

1" (0)=4/3)H(0)=45 (o) (4)
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2. Calculation of the Perturbed Water Spectrum

The perturbed water spectrum (PWS) is calculated as a bilinear decomposition of the data
matrix D (where column 1 = the pure solvent spectrum, and column 2 = the solute + solvent
spectrum) into the pure response spectral matrix S” (where column 1 = the pure solvent spectrum,
and column 2 = the pure solute spectrum) due to perturbation by a change in concentration C

matrix.

D=CS"+E (5)

E is the matrix of residuals not explained by the linear model. MCR-ALS iteratively solves Eq. 5
by alternating least squares method calculating C and ST while fitting to D using the initial

estimates for C.

The MCR-ALS algorithm has 2 principle constraints:
1. Spectral non-negativity (using a Fast Non-negativity Least Squares (FNNLS) algorithm)

2. Closure: The sum across the row of the concentration matrix = 1.

For more details on the mathematics of the alternating least squares method and FNNLS algorithm

please see references .
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Supplemental Results

1. Preparation of the relative species abundance plot - Figure 1 in the parent
manuscript.

Table S3: Average formation constants for the iron species collected from the literature.

-log Refs.
[Fe(H20)6]*" = [Fe(H20)s(OH)]*" + H* log*K = 24403 411
[Fe(H20)6]*" = [Fe(H20)4(OH)2]" + 2H" log*f12 = -62+0.5 4-10,12
[Fe(H20)s]*" = [Fe(H20)3(OH)3] + 3H" log*frs = -13.1+x12 4712
2[Fe(H20)s]*" = [Fe2(H20)3(OH)2]*" + 2H' + 2H20 log*f2. = -3.0+0.1 47,10
3[Fe(H20)s]*" = [Fes(H20)3(OH)4]>* + 4H* + 6H20 log*fz4 = -6.3 45
[Fe(H20)s]*" + CI = [Fe(H20)sCI]*" + H20 logK = 1.5+0.04) P
[Fe(H20)6]*" + 2CI- = [Fe(H20)4Cl2]" + 2H20 logfi.2 = 14+05 13-16
[Fe(H20)6]*" + 3CI" = [Fe(H20)2Cl3] + 4H20 logpi,3 = 05+04 13-15
[Fe(H20)s]*" + 4Cl- = [FeCls]” + 6H20 logf1.4 = -1.6+0.4 13-14
[Fe(H20)6]*" + NO3™ = [Fe(H20)sNO3] ¥ + H20 logK = 0.9+0.1 17-20

All values are reported as an average of the literature values. Error is reported as +1c.

Table S3 adopts the formalism described by Stumm and Morgan?! and shows the thermodynamic
formation constants for the ferric hydrolysis, and complexed chloro- and nitrate species as an
average obtained from the literature. The relative abundance of each ferric species is calculated
using ChemEQL? using the measured pH for each concentration (Table S2) and equilibrium

constants from Table S3.
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2. Supplemental electronic and vibrational spectra
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Figure S2: UV-Vis absorbance for the ferric chloride solution series: 0.05m (red) to 0.6m
(purple). Spectra were background subtracted from water. Dotted line (inset) corresponds to
the 532.2nm laser line used for the polarized Raman measurements.

Figure S2 shows the concentration dependent UV-Vis spectra for the ferric chloride solutions.
There is intense absorbance at ca. 470 nm for the measured concentrations. There is a difference

in the measured absorbance of ca. 0.03 absorbance units at the Raman line 532.2 nm over the

concentrations measured.
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Figure S3: UV-Vis absorbance for the ferric nitrate solution series: 0.05m (red) to 0.6m
(purple). Spectra were background subtracted from water. Dotted line (inset) corresponds to
the 532.2nm laser line used for the polarized Raman measurements.
Figure S3 shows the concentration dependent UV-Vis spectra for the ferric nitrate solutions. There
is intense absorbance at ca. 430 nm for the measured concentrations. The ferric nitrate salts exhibit

a peak shoulder from ca. 430 to 570 nm. There is a difference in the measured absorbance of ca.

0.04 absorbance units at the Raman line 532.2 nm over the concentrations measured.
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Figure S$4: Unpolarized Raman spectra of (a.). 1.5m NaNQOs, (b.) 1.5m HNOs, and (c.) 0.5m
Fe(NO3)s. Perturbed water spectra are shown in red (dash-dot and are amplified x2 for clarity),
and pure water spectrum in black (dot).

Figure S4 shows the measured unpolarized Raman spectra and PWS for 1.5m NaNOs, 1.5m HNOs3,
and 0.5m Fe(NOs3)s solutions. Comparisons to NaCl, HCI, and the ferric chloride solution are made

in the parent text.
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