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Appendix A. Transient Absorption (UV-visible) Optical Spectroscopy
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Figure S1: Description of photochemical and optical spectroscopy set up used in all experiments.

The LED driver dial was operated at constant current (2mA) with a specific dial setting consistent
with all photolysis experiments in this study. The temperature for all experiments were carried out
at ambient temperature (~ 24 - 26 °C) and monitored throughout the reaction. The samples were
enclosed in the dark to prevent unwanted reactions with ambient light environment using Velcro
wrapped around center of LED and cuvette sample compartment. Continuous time-resolved
spectroscopy data were acquired in 5 s time intervals and processed in custom MATLAB script.
For collection of irradiated samples from exposed solution in the cuvette, the LED light was turned
off briefly at short time periods when sample aliquots were collected for molecular
characterization.
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Appendix B. Chemical Actinometry Experiment & Calculations

In the photolysis experiments described, the potassium ferrioxalate actinometer solution of
volume, V is irradiated from the top in a standard b = 1.0 cm quartz cuvette with a collimated beam
of UV radiation with an illuminated cross-sectional area of cuvette (A = Iw?). The absorption
spectra are collected autonomously (procedure described in Appendix A). The spectral flux
(photons cm s1) of the LED source by which photons are absorbed by the potassium ferrioxalate

solution can be described with the following equations obtained from Lehdczki et al., 2013.%:

dc dA/dt
E - eb (1)
ac v
(Photons) _dt' ¢ X
LED~ cm?s "~ Area A (2)

where dC/dt and dA/dt is the rate of change (slope) in the concentration and absorption, C and A,
respectively. The line of best fit as described in Figure S2 obtains the slope, dA/dt (A.U s ), which
is converted to dC/dt using eq 1. For these experiments, a linear fit was used to obtain the measured
photochemical rate constant, j (s), whereas dA/dt = -jx[A]. The molar absorptivity, ¢ of the
solution (ere-0x) at 390 nm is 312 +2 L mol? cm™. The rate of absorption by the actinometer
solution (eq. 2) is calculated by plugging in eq.1 multiplied by the ratio of the volume irradiated
(V =0.003 L) and quantum yield, ¢ (¢ ~ 1.26), then divided by the cross-sectional area (Area) of
the beam (~ 1.0 cm?) and multiplied by Avogadro’s constant (Na).
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Figure S§2: Averaged single wavelength absorbance at 390nm recorded in triplicate measurements of

potassium ferrioxalate actinometer solution versus time (s) for LED driver setting used in study. Standard
error for the y-intercept and slope are 0.026 and 8.4 x 10, respectively.

The average spectral flux absorbed by the actinometer solution in these experiments is ~ 3.85 x

10'° photons cm™2s .
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Appendix C. Direct Infusion HRMS Parameters

For direct infusion (DI) HRMS experiments, the funnel RF level was adjusted accordingly using
30 V and 80 V, to limit excessive in-source fragmentation and bias for low and high-molecular
weight Fe-containing peaks and other species, respectively. Higher RF level offers higher
transmission efficiencies of higher masses and vice versa, while the higher RF voltage may induce
unwanted insource fragmentation of fragile ions. Therefore, for LC-MS experiments, RF level was
adjusted to 30 for screening of low-molecular weight species, while direct infusion experiments of

water-soluble Fe'"

-citrate complex ions and dissolved colloids were adjusted to 80, to transmit the
high molecular weight ions to MS detector. HRMS spectra for each of analyzed samples were
acquired in negative ionization mode, whereas the colloids dissolved in org-mix were analyzed in
both modes (pos mode analyzed only). Direct infusion ESI(+)-HRMS was chosen for analysis due
to complexity of the sample matrix. All DI-ESI/HRMS, HPLC-PDA-ESI/HRMS data were
acquired using Xcalibur software (Thermo Inc.). In all experiments, the HRMS was operated at
m/Am 240,000 resolving power at 200 m/z, at a scan rate of 1.5 Hz in the full MS scan mode (100
— 1300 m/z range), whereas MS? experiments were operated at m/4m 120,000 resolving power,
using 100 ms integration time. Targeted MS? experiments were performed via data independent
acquisition (DIA) with an inclusion list of ions, which were mass selected and fragmented in the
HCD collision cell at stepped CID voltage gradients with an optimal 35 eV collision energy and
isolation window of ~ 0.4 m/z. The automatic gain control (AGC) target for all high resolution

MS?! and MS? experiments was set at 10°.
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Appendix D: Formal Kinetic Modeling

Three equations (eqn. 3-5) of the formal kinetic model calculate o, S, y fractions of the R, [ and P
components based on the input values of photochemical rate constants, ji and j>. The latter were
iteratively adjusted to provide a close match between the calculated profile of R+P and

experimental values of MAC(4)256nm (Figure 1c in the main text).

R _ .
=L = By explUntl L gyp(at) 2
~ [Rol  J2-— 1 P P @
_ 1Pl 1 ; (=J20) ' (=Jj1t)
V= img = Lt gy X Lvexp ~ JaexpT ©

From the fit of modeling results to experimental data, values of j; = 0.12 min™! and j» = 0.05 min!
were obtained. The obtained photochemical rate constants, j;, were then converted to their

laboratory half-lifetimes using eqn. 6.

1

(6)

tilab = Ji exp

Therefore, resulting in photochemical laboratory half-lifetime 7; ;4 values of 8.3 and 20 min,

respectively.

S7



Appendix E: Calculation of Apparent Quantum Yields

The apparent quantum yield (QY, @) for the photochemical degradation of Fe'-citrate was
computed using eqn. 7-9 where: N, is Avogadro's number, V is the irradiated solution volume,
F; gp 1s the photon flux of the LED source, A, is the cross-sectional area of the exposed cuvette (1
cm?), t; /2 18 the apparent half-life of the reference actinometer solution over measured range. [X]o

111

and [X]s .2 are the initial and half-life concentrations of Fe'"-citrate, respectively.

# of Fe—Cit molecules reacted

QY (®) = (7)

# of photons irradiated to solution

# molecules reacted = ([FemCit]O — [FemCit]tl/Z) X Ny XV = 0.5 [Fe'llCit], x Ny x V (8)

# of photons irradiated to solution = Fygp X Ay X ty 9)
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Appendix F: Conversion of Particle Counts to Lognormal Mass Size Distribution
The FlowCam instrument records images of individual colloid particles and reports their 2D
projected equivalent spherical diameters (D, size range 0.3 — 60 um) as they pass focal point of
the detector. Particle number size distributions (PSDs) were obtained by grouping the particle
records into 8 per decade bins

AN; AN;

AlogDp i - g (10)

where AN; is particle number concentration in bin i and Dy is the mean size of the corresponding

bin. Then, the corresponding mass PSDs values were calculated as

T3
AM; pXeDp iXAN;

1/’8 (11)

AlogDy ; a
where particle density p was assumed to be 1 g/cm?.

Experimental values of AM;/AlogD,,; were curve fit with a lognormal size distribution function

of
— 2 Noos
dM M InD —-InDgm Z__blnS( —ygi)?
= T exp — (—gz) , Where Gg — i=1 Ymeas~Yfit (12)
ainD  v2minog 2(inay) Npins—1

The mass loadings of the colloidal material (Mr) were then calculated by integrating the lognormal
fit of the data:

My = [° M(D,)dD, (13)
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Appendix G: Atmospheric Scaling Calculations

Equivalent scaling of experimental values to real-world atmospheric conditions is achieved using
egn. 10 to obtain T; o4y The calculated laboratory lifetime, T; ;45 Vvalues from eqn. 6 are

incorporated into eqn. 10, followed by multiplication of the ratio of integrated fluxes
(Fiap Q) / Fso1ar(A) 24ny) from actinometer measurement (F,;,) and TUV model (Fs,;4-) OVer the
wavelength range of the absorbing irradiation (360-370 nm). Solar flux values are averaged over
the 24 hr period on summer solstice June 20", 2020, in the Los Angeles metropolitan and
Jerusalem, Israel (Middle East) geographical areas. The scaling factor for the two cases are 3.65

and 3.8, respectively.

[0 B b(A) dA

— 360nm
T, eqv — Ti 1ab X S7onm (14)
f360nm Fsolar(A)2anr dA
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Appendix H. Tropospheric UltraViolet Radiation (TUV) Model Calculation and Selected
Parameters

Quick TUV Calculator (www.acom.ucar.edu/Models/TUV/Interactive TUV/)  Selected

Parameters:

Latitude/Longitude: 31.7683°N/ 35.2137°E (Jerusalem, Israel)
34.0522°N/118.2437° W (Los Angeles, California)

Date: June 20™, 2020

Time: 24hr average

Overhead Ozone Column: 300 du

Surface Albedo: 0.1

Ground Elevation: 0 kilometers Los Angeles; 1 kilometer Jerusalem, Israel

Clouds Optical Depth/Base/Top: 0.0/4.0/5.0

Aerosols Optical Depth/S-S Albedo/Alpha: 0.235/0.990/1.000

Sunlight Direct Beam/Diffuse Down/Diffuse Up: 1.0/1.0/1.0.
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Figure S3: a) UV-visible spectra of Fe?*-phenanthroline complexes (standards) from 1- 90uM
concentrations. Inset scheme of Fe(ll)-phenanthroline complex formation.? b) seven-point
calibration curve and linear fit for quantification of unknown Fe?* ions in the photolysis solutions.

R? value for this work is ~ 0.9998. Limit of detection (LOD) determined in this analysis is ~ 2.3

uM using LINEST excel function and student t distribution. Student t distribution tcac (0.364) <
trable (2.57); y-intercept is not statistically different from 0. Experimental extinction coefficient (e)
of Fe?*-phenanthroline complex is ~ 7400 L mol* cm™. Theoretical ere-phen is ~ 11,000 L mol™* cm
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Figure S4: Extracted ion chromatograms (EIC) of select Fe(l11) citrate oligomeric complexes in the 0 min
non-irradiated aliquot mixture eluting at a) 2.6min and b) 8.5min. Inset UV-visible absorption spectra
(brown trace) integrated across the corresponding LC-PDA peak is shown. The LC-PDA peaks (brown)
were centered and overlaid with individual ion chromatograms for visual comparison.
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Figure S5: a) (-)ESI-HRMS spectra of 90uM Fe" perchlorate- citrate aqueous solution along with notable
Fe-citrate complex structures proposed in separate studies acquired on FT-Orbitrap HF-X instrument.
Normalized HRMS spectra reprsenting isotope distribution for b) dinuclear, c) trinuclear iron, and d) di-
nuclear iron Fe'"' citrate complex ions (1:1 M:L).

The prepared aqueous solution of Fe'!'' perchlorate hydrate salt and citric acid in a 1:1
(90uM:90uM) molar ratio of metal and ligand (M:L) were analyzed via direct infusion electrospray
ionization (ESI)-HRMS operated in the negative ionization mode to screen and detect for all
deprotonated ions characteristic of the Fe'"'-citrate complexes. ESI-HRMS is particularly sensitive
method to screen for polar carboxylic acids, carbonyls, and especially metallo-organic complexes
incorporating metals such as: iron (Fe), nickel (Ni), zinc (Zn), manganese (Mn), copper (Cu) and
metal salts incorporating mercury (Hg), lead (Pb), bismuth (Bi), strontium (Sb), and Arsenic
(As).*® ESI-MS has been used in previous studies to characterize metal complexes in biological
and environmental matrices,®’ as well as to study the protonation states of Fe(l11) and Fe(ll) citrate
complexes in aqueous solution.*3° Figure Sba illustrates the DI-ESI(-)-HRMS spectrum of the
Fe'l perchlorate:citric acid solution. In addition, we injected the ferric citrate reagent used in the
main text to compare with the referenced MS spectrum in Figure S5 and literature reported ions.

In our work, the measured pH of the freshly prepared 1:1 M:L ferric citrate standard reagent and

S13



Fe'' perchlorate-citrate solution was pH ~ 6.86 and ~ 4.94, respectively, all before adding 20%

methanol prior to HRMS analysis, as recommended in the literature.®°

In this dataset, the most abundant molecular ion corresponding to mono-deprotonated citric acid
(H2Cit; CsHgO7; m/z = 191.1045) is observed; however, to obtain targeted analysis of Fe(lll)
citrate complexes, we screened for analytes in the 200-1300 m/z MS range, similar to the works
of Silva and Gautier-Luneau.®® Additional details of the HRMS peak assignments is described in
Table S1. The results of Figure S5a reveal abundant detection of numerous Fe(lll) citrate
oligomeric complexes in different stoichiometric Fe:citrate M:L ratios. The most abundant
molecular ions are the multiply charged dinuclear dicitrate complexes, [*Fe,C12HsO14]* (M/z =
243.93 Da) and [*°Fe;Ci2H9O14] (M/z = 488.87 Da) and the trinuclear tricitrate complexes,
[*®FesCisH13021]> (m/z = 366.40 Da) and [*°Fe3CisH15022]> (m/z = 375.40 Da) observed.
Additional molecular ions resembling mononuclear ferric citrate complexes where identified,
including [*®FeCeH407 (H20)] (m/z = 261.94 Da). However, very few of those were observed in
lower abundance relative to the largest HRMS signal. For example, mononuclear dicitrate
complexes, [**FeCi2H11014]* (m/z = 217.47 Da) and [*®FeCi2H12014]" (M/z = 435.95 Da),
observed in the 1:2 stoichiometric Fe:Cit ratio were detected at approximately 10% of ESI-HRMS
signal. This experimental observation is further supported by speciation models of ferric citrate at
acidic and near-neutral pH conditions, whereby 1:2 Fe:citrate complexation is very low.® Other
Fe-citrate ions comprising the 3:4 and 4:3 M:L complexes in the form of double charged ions are
[*®FesCa4aH21026]> (M/z = 462.41 Da) and [*®FesC21H1202:]> (m/z = 279.90 Da), respectively.
These complexes resemble much larger structures than the 1:1, 1:2, 2:2, and 3:3 Fe:citrate species
previously discussed. For the pH range (5-7 pH units) in our samples, binuclear and trinuclear
ferric citrate complexes appear to influence the overall chemical composition of the sample at the
specified pH ranges. Full description of Fe-citrate complex ions detected are reported in Table S2
for the two Fe-citrate systems. Overall, the HRMS results indicate that molecular speciation of
ferric citrate is dominated by large oligomeric complexes in the binuclear and trinuclear Fe
coordination states. The structures shown in Figure Sba are representative solid-state structures
obtained in previous X-ray crystallographic measurements.®° However tandem mass spectrometry
studies detailing the structures in the gas-phase have not been extensively studied. The measured

isotope distribution shown in Figures S5b-d for the di- and trinuclear Fe-citrate complexes

S14



confirmed the presence of the >*Fe (5.8%), *®Fe (91.7%), Fe>’ (2.1%), and *Fe (0.3%) isotopes as

compared with theoretical isotopic model.
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Figure S6: MS?spectra obtained for a) [Fe2C1,HsO14]* and b) [FesC12HsO14]% representing dinuclear and
trinuclear Fe"' -citrate complex ions in the negative ESI mode.

We employ tandem mass spectrometric (MS?) analysis via data-independent acquisition (DIA) and
parallel reaction monitoring (PRM) with an inclusion list of select ferric citrate complex ions for
structural determination and identification. The DIA and PRM MS?2 modes reveal similar
fragmentation spectrums, therefore we chose to discuss the DIA-MS? results in this section and
comparison between two methods in the Sl file. The fragmentation of metal-ligand complexes in
complex biological samples has been used in previous studies using high-energy collisional
dissociation (HCD) to study the metal ion release from anionic complexes.”*® HCD has been
demonstrated as a useful application for obtaining detailed elemental composition and structural
information of metal organics.® Figure S6 represents the DIA-MS? spectrum of the fragmented
ions for the dinuclear and trinuclear Fe-citrate complex ions characterized. The dinuclear dicitrate
complex ion [*Fe,C12Hs014]* (M/z = 243.93 Da), upon HCD, undergoes neutral loss of citric acid

to yield dinuclear monocitrate complex ion [*°Fe2CsHsO7]* (m/z = 150.94 Da). Additionally, the
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trinuclear tricitrate complex [*®FesCisH13021]% (m/z = 366.40 Da) also fragments upon HCD into
the trinuclear dicitrate complex ion [*°FesC12HsO14]* (m/z = 271.89 Da) following the neutral loss
of one citric acid molecule. Additional fragment ions detected in the MS? spectra represent
characteristic Fe fragment ions. The MS? experiments in this study suggest the identified analytes
in the sprayed sample are Fe-organic complexes. This level of analysis provides experimental

confirmation of Fe-organic complexes in aqueous solution.
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Figure S7: a) Extracted ion chromatograms (EIC) of select Fe(lll) citrate in the 5 min photolyzed aliquot
mixture as [Fe",C1,HsO14] 2 (green). EIC’s for Fe' citrate species at the 5 (orange), 40 (black), 80 (red),
and 120 (light blue) min irradiated mixtures. Reference bulk UV-visible spectra are shown for b) Fe(ll1)-
citrate (brown dotted lines) and c) Fe(ll)-citrate standard (black dotted lines) prepared in the lab (dashed
line) along with the UV-Visible spectra of the individual Fe"""'-citrate LC-PDA-HRMS features.
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Figure S8: Selected edge gradient particle images for a) unreacted and b) 80 min photoreacted samples,
acquired by the FlowCam Nano instrument.
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samples to account for the largest particles sparsely detected in the samples.
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Figure S10: DI-ESI(+)/HRMS spectrum of dissolved colloidal material probed at the 120 min photolysis
time following ultrasonication (top panel) and no sonication procedures (bottom panel). The photoreacted
sample (bottom panel) was sprayed into HRMS without sonication and dissolution procedures, illustrating
differences in the measured compositions following sample treatment.
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Figure S11: DI-ESI(+)/HRMS spectrum of dissolved colloidal material probed at the 120min photolysis
time (top panel) and unreacted Fe(lll)-citrate sample (bottom panel) following the same dissolution

procedures.
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Figure S12: UV-visible absorption spectra illustrating the aqueous photolysis of ferric oxalate complex
over the 130 min period of the photolysis. UV-vis were acquired using similar procedure in the
experimental setup; however the light intensity was adjusted to lower dial setting to slow down reaction
kinetics. The presumed degradation of ferric oxalate complex at ~ 270nm is observed over the 0-10 min
period, followed by build-up in signal at ~370nm over the follow-up period 20 — 130min of the photolysis.
The measured light extinction is extended beyond 500nm visible region.
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Table S1: LC retention times (RT), UV-visible spectra, experimental m/z, assigned elemental formulas, mass error, and proposed
structures of the major identified chromophores in each of the photolysis steps (0, 5, 40, 80, 120 min).

PDA UV-Vis m/z Ionic, Neutral Mass Proposed
RT Error ..
(min) Spectrum (-) mode Formula (opm) Structure & Description
Un2.39 159.972 Fe,uC, H,,0,? 1.875 |Based on the high mass accurate
measurement and detection of the
_ [**Fea(111)C11H1,04]* isotope recorded as
Wt ) the molecular ion.
o) o
4.5;(10: o o o o
3 oo 366.4006 Fes"'C1gH13021 0.689 %h *gLN
£ o 375.4063 Fes"'C1gH1502:2 0.533 SN O
2.61 afilii 243.9313 Fe,'""'C12HgO1472 0.152 OW/% O})FJEQZ}O
488.8700 Fe,"'C1,HgO14 0.466 ° ©e e
271.8991 Fes'"'C1oH1001472 0.345 |lron(ll)-citrate (2:2 ; 3:3 Fe:cit) oligomeric
T g complexes based on previous literature, Fe
isotope distribution, and optical signal.®!*
0 Q
366.4006 |  Fes"'CigH13027 0.307 03/0\}%@5’ QLN
375.4063 Fes'"'C1gH150222 0.134 QtFﬁio:Ff'aO o o?}e/O\F;?o .
8.48 243.9313 Fe,"'C12HgO14 0.152 | AN Hﬁ
488.8700 Fe2"'C12HgO14™ 0.998 0 ey 4
271.8989 Fes''C12H10014 1530 |iron(ill)-citrate (2:2 ; 3:3 Fe:cit)
Wavelength (o) oligomeric complexes.!!
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PDA UV-Vis m/z Ionic, Neutral g‘j::)sr Proposed
RT (min Spectrum Formula Structure & Description
(min) P (-) mode (ppm) P
5 min Photolysis
115.0038 C4H4O4 0.853
2.24 £ s 261.0253 CoH1009 0.938
% 2.0010° 366.4001 F83|“C18H13021'2 -0.512
Wavelength (nm)
2.37 261.0253 CoH1009 1.054
Wavelength (nm)
244 |} 244.9396 Fe''CeHs07 2.009 o
£ Iron(I)Citrate (1:1 Fe:Cit) based on
Zo w0 s % 4w spectral database match and measured UV-
Wavelength (o) visible spectra.'?
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1.0x10*

5 o]
255.0180 Fe''CsH1507 2.046 o
2.6 § wono 242.9818 Fe''C4H110s 3.199
£ o 173.0093 CsHsOp 0.122 HO
oo 250 300 350 400 450 500 HO
Wavelength (nm)
Iron(lIT)-citrate (2:2 ; 3:3 Fe:cit) oligomeric
5 o complexes.®** .
‘g 8 0010° 366.4006 Fes'"'CigH1302172 0.116 R e o@o
2.7 375.4063 Fes"'C1gH150222 0.213 %}if\f J {6
243.9313 Fe,'"'C1,Hg0147 0.439 TR 0
0.0 A y ‘fio
250 30(}wav:|5:nmh::i“ 450 500 M{ }— }r—O 0
-
312 3” 211.0281 Fe'CsH1505™ 3.2
' Ew.omu 1970125 FEHC4H1305'1 32
Wavelength (nm)
255.0180 Fe''CoH1507 2.713
6.22 ! e 211.0281 Fe'CsH1505™ 3.2
g 145.0142 CsHeOs 0.252 W
"m0 3ouw;v:lf;onm;§:o;) a0 so I
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1.0x10%

Iron(l1l)-citrate (2:2 ; 3:3 Fe:cit) oligomeric

;’ 8,0x10" Comp|eX659’11 o
366.4006 | Fes"'CigHi30217 0553 |, j’%/\(o o@o
8.58 § souo] 375.4063 Fes'"'CigH15022 0.293 88 & & ch\F o }’30
- 243.9313 Fe,""C1oH 1001472 0.152 o oMo 01/7(0 F(f ©
%O 9 \st /=0
250 mnww;s;n"gm:rm:“’ 450 500 o I 0% g' I
B 230.9234 Fe'CsH;071 0.226
8.97 éﬁnw 190.9650 Fe''C4H;051 0.583
S 176.9492 Fe''C3H5051 0.799
‘Wavelength (nm)
. Mass
PDA UV-Vis m/z Ionic, Neutral Error Proposed
RT (min) Spectrum (-) mode Formula (opm) Structure & Description
115.0038 CaH404 0.853 ’E([ LA
*2.25 147.0299 CsHgOs 0.200 | . o
| 261.0253 CgH1009 0.785 oH  on
246.9553 Fe!lCgH;071 2.519

Wavelength (nm)

2—Hydroxypropane—l,z,3—tricarboxylic acid;
iron (Fe?").:3
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visible spectra.'?
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Absorbance Units (uAU)

2.0x107

1.5x107

312 211.0281 Fe''CsH1505 3.2
' contol 197.0124 FE“C4H1305'1 3.2
o a-ketoglutaric acid
% P 255.0180 FE‘“CGH1507'1 0.988 . .
*6.10 g 211.0281 Fe''CsH1505 3.2
5o 145.0142 CsHeOs 0.390 w
0 ¢}
250 SUUwav:IS:lnmh ::?n) 450 500
: x } 230.9234 Fe''CsHs071 1.049
88 [ 190.9650 Fe''C4H/05™ 0.897
g oo 176.9492 Fe''CsHs05 1.025
Wavelength (nm)
. Mass
PDA UV-Vis m/z Ionic, Neutral Proposed
RT (min) Spectrum Formula Error Structure
(-) mode (ppm)
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1.4x10*

g :z:; 115.0038 C4H404 0.853 "\ 2 2_Hydroxypropane_1’2,3-
147.0299 CsHsOs 0.200 ?L tricarboxylic acid; iron (Fe?*).:3
2.25 § oo 231.0146 CsHgOg 0.431 P
- B 261.0253 CgH1000 0.594
P e we e we 4 sbo 246'9553 Fe”CGH?O?-l 2'398
2.35 245.0300 CoH100s 0.451
2.46 g 244.9396 Fe'lCegHs072 1.479
) Iron(ll)Citrate (1:1 Fe:Cit) based on
T engnom spectral database match and measured UV-
visible spectra.'?
255.0180 Fe''CsH1507 2.046 0
2.58 2 242.9817 Fe''C4H110g 3.5629 A
173.0093 CeHsOb 0.803 %j T

Wavelength (nm)
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312 ; 211.0281 Fe''CsH1505t 3.2
' E et 197.0124 |:l'-3‘“C4H1305'l 3.2
Wavelength (nm)
i 255.0180 Fe''CeH1s07 2007 | g
6.2 ,, 211.0281 Fe''CsH1505 3.2 HOWOH
g ?12 145.0142 CsHgOs5 0.369 !
‘Wavelength (nm)
230.9234 Fe''CsHyO7 L 1.006
8.8 e 190.9650 Fe''C4H;05 0.845
' § 176.9492 Fe''C3Hs0s51 1.138
Wavelength (nm)
. Mass
PDA UV-Vis m/z Ionic, Neutral Proposed
RT (min) Spectrum Formula Error Structure
(-) mode (ppm)
120 min Photolysis
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1.6x10%

g 115.0038 C4H404 0.853 | i 2-Hydroxypropane-1,2,3-
2 1o 147.0299 CsHgOs 0.200 4 . tricarboxylic acid; iron (Fe?")
291 2310146 CsHsOs 0478 o based on spectral database.™®
o 261.0253 CoH100s 0517 |
R e v T ran 2469553 FeIIC6H7O7-1 1547 F
Wavelength (nm)
- 231.0146 CgHsOg 0.478
2.26 goo 261.0253 CoH1009 0.517
5::1; 245.0302 CoH100g 0.451
AR 245.0302 CoH100¢ 0.451
' Yo 207.0147 CeHsOs 0.384
250 JDDwav:IE:"E o l:::“ 450 500
2 o] 244.9396 Fe''CoHsO7 1.723 i
213 241.0023 Fe''CsH1307 1 2.829 o
' g 249.0253 CgH1009 0.381 ©
2 o 219.0100 C,H,O, 0.592 [lron(Il)Citrate (1:1 Fe:Cit) based on

250 300 350 400 450 500
Wavelength (nm)

spectral database match and measured UV-
visible spectra.t?
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8.0x10*

255.0180 Fe''CoH1s07 2007 | [ .
258 242.9815 Fe''C4H1108 2.747 g i
173.0093 CsHsO6 0803 |
Wavelength (nm)
AP e 211.0281 Fe''CsHysOs! 3.2
' 197.0124 Fe!'C4H1305™ 3.2
i 145.0142 CsHsOs 0390 | 7 o
6.2 211.0281 Fe!'CsH1505™2 3.133 w
o 255.0180 Fe''CeH1507 1.811 |

[ —
250 300 350 400 450 500
Wavelength (nm)

8.8

2.0x107

(uAU)

2 15x10°

Units

8 1.0x10°
c

H
H
3 5.0x10'
2
00

250 300 350 400 450 500
Wavelength (nm)

b

230.9234
190.9650
176.9492

Fe!lCsH;07t
FG“C4H7O5'1
Fe'C3H505t

1.006
-1.172
0.501
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Table S2: List of m/z values and ion formulas for Fe- organic complexes and Fe isotopes detected
via direct infusion-HRMS for Fe(l1l)citrate in the form of Fe(l11) perchlorate/citric acid and ferric
citrate reagent standard, respectively.

m/z lon Formula Error Charge | M:L | Detected
o oo | Standard
217.4755 | [*®FeC12H11014]> | 0.003 2 1:2 YIY
243.9313 | [*®Fe,Ci2Hs014]* | 0.234 2 2:2 YIY
241.9363 | [**Fe,C12Hs014]> | 1.713 2 2:2 YIY
261.9416 | [*®*FeCeHsOs] 0296 |1 1 vy
259.9465 | [**FeCeHsOs] 0.230 1 1:1 YIY
271.8988 | [*°FesCi2H10014]* | 0.758 2 3:2 YIY
279.9078 | [*®FesCaaH12022]* | 0.244 3 4:3 YIY
366.4005 | [®*FesCigH1301]> |0.498 |2 33 |YIY
363.4081 | [**FesCigH13021]> | 1.715 2 YIY
375.4059 | [®®FesCisHis02]> | 0586 | 2 33 | YIY
372.4109 | [**FesCigH15022]> | 4.884 2 YIY
435.9585 | [*°FeC12H12014] 0.837 1 1:2 YIY
462.4145 | [*FesCaaH21028]* | 1.516 2 3:4 Y/N
488.8702 | [®®FesCi2HeO14] [0.998 |1 22 | YIY
484.8795 | [**Fe2C12HgO14] 1.098 1 YIY
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Table S3: List of m/z values, neutral formulas, double bond equivalency (DBE), and tentative

compound associated with water-soluble CHO-containing analytes identified in this study.

m/z (Exp.) Formula Tentative Identification | DBE Structure
101.0245 C4HeO3 Acetoacetic acid 2 2 9
HECMOH
103.0038 C3H404 Malonic acid 2 P
HOMOH
105.0194 C3HgOa Glyceric acid 1 9
Ho/\HJ\OH
OH
112.9882 C4H204 Squaric acid 4 o, oH
O/ CH
115.0038 C4H40O Fumaric acid 3 o
s o A,
0
129.0193 CsHeO4 Acetopyruvic acid 3 oo
o A
143.0349 CeHsO4 Dimethyl-fumaric acid 3 )
1449774 C4H206 Dioxosuccinic acid 4 o 0
HOWLOH
o} o}
145.0143 CsHeOs a-ketoglutaric acid 3 Q 9
HOWOH
0
147.0299 CsHsOs Citramalic acid 2
H.;.T%{'“)OLOH
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158.9932 CsH406 2,4-Dioxopentanedioic
acid w
167.0348 CgHsO4 Dehydroacetic acid o
~ 3
171.0664 CsH1204 Diethyl fumarate -
P | =
173.0091 CsHsOs Dehydroascorbic acid e o
~ 1T
) ]
179.0562 CeH1206 L-glucopyranose
LN,
HO LJ: OH
OH
207.0147 CsHsOs Hydroxycitric acid o OOH o
O OH
OH
219.0146 C7HsOsg Propane-tetracarboxylic
acid
219.1029 C13H1603 Benzene propanoic acid .
231.0146 CsHsOs Cyclobutane- e 9
i H HO OH
tetracarboxylic acid Hoﬁm
(0] o]
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245.0300 CoH100s8 Cyclopentane- I
tetracarboxylic acid . °
o]
OH o
9
249.0253 CsH1009 Oxydisuccinic acid* i i
261.0253 CoH1009 3-Ox0-1,2,4,5- o o o
pentanetetracarboxylic o N
acid® o o
291.0361 C10H12010 Pentane-1,2,3,4,5- Hoo o
pentacarboxylic acid® 0__,‘.‘ | J;_.O
T
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