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Additional Experimental Section  
 

Synthesis of 3,5-Dihydroxybenzoic Acid (3,5-DHBA) Functionalized Iron Oxide 

Nanoparticles (IONP-3,5-DHBA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM to obtain a 2.50 mg/mL stock solution. 41 mg (0.266 

mmol) of 3,5-DHBA (MW = 154.12 g/mol) was weighed in a Teflon capped glass vial and 

dispersed in 13 mL of dry DCM. 2 mL of stock IONP-OA in DCM (5 mg) was added to the 3,5-

DHBA in DCM. 10 µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not 

added to the mixture (no acid added preparation), 10 µL DI water was added instead. Reaction 

mixture was shaken overnight by vortex at room temperature. After shaking, the reaction mixture 

was aliquoted in 4 mL aliquots to separate glass vials. Each aliquot of particles was purified by 

washing with hexane and isopropanol/methanol (1:1) as follows. Particles were magnetically 

isolated using a handheld neodymium (NdFeB) magnet (3 minutes). Supernatant was removed 

by pipet. Recovered particle pellets were washed with 3 x 2 mL of hexane, re-isolating particles 

magnetically and removing wash supernatant by pipet after each wash. Hexane washed particles 

were subsequently washed with 3 x 2 mL of isopropanol/methanol (1:1) (or 6 x 2 mL 

isopropanol/methanol (1:1) for samples prepared for FTIR), re-isolating particles magnetically 

and removing wash supernatant by pipet after each wash. 

Synthesis of Dopamine (DA) Functionalized Iron Oxide Nanoparticles (IONP-DA). 
Synthesis of dopamine-stabilized iron oxide nanoparticles was based on a method reported by 
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Nagesha et al.
1
 As synthesized IONP-OA were defrosted to room temperature and redispersed in 

dry DCM to obtain a 2.50 mg/mL stock solution. 25 mg (0.132 mmol) of DA·HCl (MW = 

189.64 g/mol) was weighed in a Teflon capped glass vial and dispersed in 13 mL of dry DCM. 2 

mL of stock IONP-OA in DCM (5 mg) was added to the DA in DCM. 10 µL of 1 M HCl(aq) 

was added to the reaction mixture. Reaction mixture was shaken overnight by vortex at room 

temperature. After shaking, the reaction mixture was aliquoted in 2 mL aliquots to separate glass 

vials. Each aliquot of particles was purified by washing with hexane and methanol as follows. 

Particles were magnetically isolated using a handheld neodymium (NdFeB) magnet (5 minutes). 

Light brown, slightly yellow supernatant was removed by pipet. Recovered particle pellets were 

washed with 3 x 1 mL of hexane, re-isolating particles magnetically and removing clear, 

colorless wash supernatant by pipet after each wash. Hexane washed particles were subsequently 

washed with 3 x 1 mL of methanol, re-isolating particles magnetically and removing light tan, 

clear wash supernatant by pipet after each wash. 

Synthesis of 3,4-Dihydroxybenzoic Acid (3,4-DHBA) Functionalized Iron Oxide 

Nanoparticles (IONP-3,4-DHBA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM. 41 mg (0.266 mmol) of 3,4-DHBA (MW = 154.12 

g/mol) was weighed in a Teflon capped glass vial and dispersed in enough dry DCM to obtain a 

total reaction volume of 15 mL. 5 mg of stock IONP-OA in DCM was added to the 3,4-DHBA in 

DCM. 10 µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not added to the 

mixture (no acid added preparation), 10 µL DI water was added instead. Reaction mixture was 

shaken overnight by vortex at room temperature. After shaking, the reaction mixture was 

aliquoted in 4 mL aliquots to separate glass vials. Each aliquot of particles was purified by 

washing with hexane and methanol as follows. Particles were magnetically isolated using a 

handheld neodymium (NdFeB) magnet (3 minutes). Supernatant was removed by pipet. 

Recovered particle pellets were washed with 3 x 2 mL of hexane, re-isolating particles 

magnetically and removing wash supernatant by pipet after each wash. Hexane washed particles 

were subsequently washed with 3 x 2 mL of methanol, re-isolating particles magnetically and 

removing wash supernatant by pipet after each wash. 

Synthesis of 3,4-Dihydroxyphenylacetic Acid (3,4-DHPA) Functionalized Iron Oxide 

Nanoparticles (IONP-3,4-DHPA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM to obtain a 2.50 mg/mL stock solution. 44.5 mg (0.265 

mmol) of 3,4-DHPA (MW = 168.15 g/mol) (44.1 mg, 0.262 mmol for nanoparticles prepared for 

electrokinetic measurements) was weighed in a Teflon capped glass vial and dispersed in 13 mL 

of dry DCM. 2 mL of stock IONP-OA in DCM (5 mg) was added to the 3,4-DHPA in DCM. 10 

µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not added to the mixture 

(no acid added preparation), 10 µL DI water was added instead. Reaction mixture was shaken 

overnight by vortex at room temperature. After shaking, the reaction mixture was aliquoted in 4 

mL aliquots to separate glass vials. Each aliquot of particles was purified by washing with 

hexane and methanol as follows. Particles were magnetically isolated using a handheld 

neodymium (NdFeB) magnet (5 minutes, 3 minutes for nanoparticles prepared for electrokinetic 

measurements). Supernatant was removed by pipet. Recovered particle pellets were washed with 

3 x 2 mL of hexane, re-isolating particles magnetically and removing wash supernatant by pipet 

after each wash. Hexane washed particles were subsequently washed with 3 x 2 mL of methanol, 

re-isolating particles magnetically and removing wash supernatant by pipet after each wash. 
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Synthesis of 2,3-Dihydroxybenzoic Acid (2,3-DHBA) Functionalized Iron Oxide 

Nanoparticles (IONP-2,3-DHBA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM to obtain a 2.50 mg/mL stock solution. 41 mg (0.266 

mmol) of 2,3-DHBA (MW = 154.12 g/mol) was weighed in a Teflon capped glass vial and 

dispersed in 13 mL of dry DCM. 2 mL of stock IONP-OA in DCM (5 mg) was added to the 2,3-

DHBA in DCM. 10 µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not 

added to the mixture (no acid added preparation), 10 µL DI water was added instead. Reaction 

mixture was shaken overnight by vortex at room temperature. After shaking, the reaction mixture 

was aliquoted in 4 mL aliquots to separate glass vials. Each aliquot of particles was purified by 

washing with hexane and methanol (MeOH) as follows. Particles were magnetically isolated 

using a handheld neodymium (NdFeB) magnet (20 minutes acid preparation, 2‒8 minutes no 

acid preparation). Supernatant was removed by pipet. Recovered particle pellets were washed 

with 3 x 2 mL of hexane, re-isolating particles magnetically and removing wash supernatant by 

pipet after each wash. Hexane washed particles were subsequently washed with 3 x 2 mL of 

MeOH (or 4 x 2 mL MeOH for the HCl preparation characterized by FTIR), re-isolating particles 

magnetically and removing wash supernatant by pipet after each wash. Hexane wash 

supernatants were clear and colorless, in contrast to the MeOH washes that were an intense 

indigo (HCl added preparation) or a light indigo color (DI water added preparation). 

Synthesis of 2,5-Dihydroxybenzoic Acid (2,5-DHBA) Functionalized Iron Oxide 

Nanoparticles (IONP-2,5-DHBA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM. 41 mg (0.266 mmol) of 2,5-DHBA (MW = 154.12 

g/mol) was weighed in a Teflon capped glass vial and dispersed in dry DCM to obtain a total 

reaction volume of 15 mL. 5 mg of stock IONP-OA in DCM was added to the 2,5-DHBA in 

DCM. 10 µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not added to the 

mixture (no acid added preparation), 10 µL DI water was added instead. Reaction mixture was 

shaken overnight by vortex at room temperature. After shaking, the reaction mixture was 

aliquoted in 4 mL aliquots to separate glass vials. Each aliquot of particles was purified by 

washing with hexane and methanol (MeOH) as follows. Particles were magnetically isolated 

using a handheld neodymium (NdFeB) magnet (5 minutes). Supernatant was removed by pipet. 

Recovered particle pellets were washed with 3 x 2 mL of hexane, re-isolating particles 

magnetically and removing wash supernatant by pipet after each wash. Hexane washed particles 

were subsequently washed with 3 x 2 mL of MeOH, re-isolating particles magnetically and 

removing wash supernatant by pipet after each wash. MeOH supernatants were clear and green-

blue in color for the HCl(aq) added preparation, but clear and colorless in the DI water added 

case. 

Synthesis of Salicylic Acid (SA) Functionalized Iron Oxide Nanoparticles (IONP-SA). As 

synthesized IONP-OA were defrosted to room temperature and redispersed in dry DCM to 

obtain a 2.50 mg/mL stock solution. 37.5 mg (0.272 mmol) of SA (MW = 138.12 g/mol) was 

weighed in a Teflon capped glass vial and dispersed in 13 mL of dry DCM. 2 mL of stock IONP-

OA in DCM (5 mg) was added to the SA in DCM. 10 µL of 1 M HCl(aq) was added to the 

reaction mixture. If HCl(aq) was not added to the mixture (no acid added preparation), 10 µL DI 

water was added instead. Reaction mixture was shaken overnight by vortex at room temperature. 

After shaking, the reaction mixture was aliquoted in 4 mL aliquots to separate glass vials. Each 

aliquot of particles was purified by washing with hexane and methanol (MeOH) as follows. 

Particles could not be magnetically isolated using a handheld neodymium (NdFeB) magnet, 
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therefore DCM was evaporated under N2(g) flow. Recovered particles were washed with 3 x 2 

mL of hexane, re-isolating particles magnetically and removing wash supernatant by pipet after 

each wash. Hexane washed particles were subsequently washed with 3 x 2 mL of MeOH, re-

isolating particles magnetically and removing wash supernatant by pipet after each wash. Hexane 

wash supernatants were clear and colorless, in contrast to the MeOH washes that were medium 

purple-violet in color (HCl added preparation) or a pale orange-pink (DI water added 

preparation). 

Synthesis of 2,4-Dihydroxybenzoic Acid (2,4-DHBA) Functionalized Iron Oxide 

Nanoparticles (IONP-2,4-DHBA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM to obtain a 2.50 mg/mL stock solution. 41 mg (0.266 

mmol) of 2,4-DHBA (MW = 154.12 g/mol) was weighed in a Teflon capped glass vial and 

dispersed in 13 mL of dry DCM. 2 mL of stock IONP-OA in DCM (5 mg) was added to the 2,4-

DHBA in DCM. 10 µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not 

added to the mixture (no acid added preparation), 10 µL DI water was added instead. Reaction 

mixture was shaken overnight by vortex at room temperature. After shaking, the reaction mixture 

was aliquoted in 4 mL aliquots to separate glass vials. Each aliquot of particles was purified by 

washing with hexane and acetone as follows. Particles were magnetically isolated using a 

handheld neodymium (NdFeB) magnet (3 minutes). Supernatant was removed by pipet. 

Recovered particle pellets were washed with 3 x 2 mL of hexane, re-isolating particles 

magnetically and removing wash supernatant by pipet after each wash. Hexane washed particles 

were subsequently washed with 3 x 2 mL acetone, re-isolating particles magnetically and 

removing wash supernatant by pipet after each wash. Using acquired FTIR spectra as a guide, 

washing with 6 x 2 mL of acetone was required to obtain nanoparticles that were completely free 

of excess ligand. Acetone wash supernatants were clear and a light tan-orange in color for the 

HCl(aq) added preparation, but clear and colorless in the DI water added case.  

Synthesis of 2,6-Dihydroxybenzoic Acid (2,6-DHBA) Functionalized Iron Oxide 

Nanoparticles (IONP-2,6-DHBA). As synthesized IONP-OA were defrosted to room 

temperature and redispersed in dry DCM to obtain a 1.25 mg/mL stock solution. 41 mg (0.266 

mmol) of 2,6-DHBA (MW = 154.12 g/mol) was weighed in a Teflon capped glass vial and 

dispersed in 11 mL of dry DCM. 4 mL of stock IONP-OA in DCM (5 mg) was added to the 2,5-

DHBA in DCM. 10 µL of 1 M HCl(aq) was added to the reaction mixture. If HCl(aq) was not 

added to the mixture (no acid added preparation), 10 µL DI water was added instead. Reaction 

mixture was shaken overnight by vortex at room temperature. After shaking, the reaction mixture 

was aliquoted in 2 mL aliquots to separate glass vials. Each aliquot of particles was purified by 

washing with hexane and methanol as follows. Particles were magnetically isolated using a 

handheld neodymium (NdFeB) magnet (3 minutes). Supernatant was removed by pipet. 

Recovered particle pellets were washed with 3 x 1 mL of hexane, re-isolating particles 

magnetically and removing the clear, colorless wash supernatant by pipet after each wash. 

Hexane washed particles were subsequently washed with 3 x 1 mL of methanol, re-isolating 

particles magnetically and removing indigo or light blue-violet wash supernatant (HCl and DI 

water preparations, respectively) by pipet after each wash. 

Further Purification of IONP-3,5-DHBA DI Water Washed Samples Prepared for FTIR. 
After initial spectra were acquired, the remaining nanoparticles were subject to further 

purification as follows. Any remaining isopropanol/methanol was removed under N2(g) flow and 
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2 mL of DI water was added to the dried nanoparticles. Nanoparticles were sonicated briefly to 

delaminate and recollected magnetically for 2 minutes, then the wash supernatant removed by 

pipet. Particles were washed with an additional 2 x 2 mL of fresh DI water, removing the wash 

supernatant by pipet after each 2 mL portion. The recovered nanoparticles were rinsed with 1 mL 

of isopropanol, to help remove excess water, and 20 µL of methanol was added to the 

nanoparticles in order to create a nanoparticle slurry for drop-casting (for FTIR spectra 

acquisition).  

Further Purification of IONP-3,4-DHPA Samples Prepared for FTIR (“2x washed” 

samples). The IONP-3,4-DHPA (HCl added) sample prepared for FTIR was subject to further 

purification after initial IR spectra were obtained. IONP-3,4-DHPA (HCl added) was re-

dispersed in 100 µL of methanol for preparation of nanoparticle films for FTIR analysis. After 

initial FTIR spectra were acquired, the solvent was removed from the nanoparticles under 

nitrogen flow. 0.5 mL of acetone was added to the brown residue and the resulting cloudy black-

brown mixture was vortexed and sonicated for 10 pulses using a bath sonicator. The mixture was 

subsequently removed to a 1.5 mL Eppendorf tube and centrifuged at 6,500 rpm (4,105 × g) 

(Sorvall PICO, Thermo Fisher Scientific (Waltham, MA, USA)) at room temperature (RT) for 10 

minutes to pellet the nanoparticles. After 10 minutes, a very light tan-colorless, clear supernatant 

was removed by pipet from a hard dark brown-black pellet. The pellet was resuspended in 0.5 

mL of fresh acetone, vortexed to resuspend to result in a dark brown-black mixture, then 

centrifuged for 10 minutes to re-pellet (6,500 rpm, RT). After centrifugation, a clear, colorless 

supernatant was removed by pipet. The pellet was redispersed in 50 µL of fresh acetone, by brief 

vortexing and sonication to result in a dark brown-black mixture. FTIR spectra of the further 

purified nanoparticles was then acquired as previously described. Further purification of IONP-

3,4-DHPA (DI water), and subsequent spectra acquisition, was performed in the same way as for 

IONP-3,4-DHPA (HCl), except the initial solvent was not removed under nitrogen flow and 0.5 

mL acetone was added directly to the remaining nanoparticle solution (after initial FTIR spectra 

were obtained). 

 

Electrokinetic Measurements. Nanoparticles used for electrokinetic measurements were 

prepared as previously stated in the detailed nanoparticle syntheses (Supporting Information) 

with some modifications as outlined in Table S13. Purified nanoparticles were resuspended in 

filtered (0.2 μm syringe filter; Whatman) 0.2 M Tris buffer pH 9.21 with brief sonication (10, 1 

second pulses). IONP-3,4-DHPA resuspension was allowed to sit for 90 minutes before further 

processing. The prepared IONP-3,4-DHPA solution was magnetically separated using a rare-

Earth (NdFeB) magnet for 1 minute, to remove any unsuspended particles, and the supernatant 

used for electrokinetic measurements. Nanoparticle solutions were diluted with 0.2 M Tris buffer 

pH 9.21 to a concentration of 0.20 mg/mL (as Fe3O4) for measurement. Nanoparticle 

concentrations were determined in as outlined in the section below, “Iron Oxide Nanoparticle 

(IONP) Concentration Determination” (Supporting Information).   

Electrokinetic measurements were performed on a ZetaPlus zeta potential analyzer (Brookhaven 

Instruments Corporation, Holtsville, NY, USA) at 25 °C, collecting 10 measurements, obtained 

over 3 cycles, for each sample. Values for electrophoretic mobility and zeta potential (using the 

Smoluchowski approximation) were determined using the accompanying Zeta Analysis software 

(Brookhaven Instruments Corporation, Holtsville, NY, USA). Reported values for zeta potential 

and mobility are an average of 10 measurements.  
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Iron Oxide Nanoparticle (IONP) Concentration Determination. IONP concentration was 

determined as outlined in Korpany et al.
2
 with minor modifications as follows. Briefly, a 0.100 

mL aliquot of purified IONP solution in buffer was collected, to which 0.100 mL of 37% HCl 

was added. The solution was incubated at ~70 °C for 10 minutes to fully digest IONPs, followed 

by dilution with 0.300 mL of DI water.  Two 0.100 mL aliquots of the digested solution were 

collected, to which 0.100 mL of 0.1 M H2O2(aq) was added and the solutions incubated at room 

temperature for 10 minutes, in order to oxidize all iron to Fe
3+

.  After 10 minutes, 0.200 mL of 

0.25 M Tiron(aq) (4,5-dihydroxy-1,3-benzenedisulfonic acid) was added to the solutions, 

followed by 0.350 mL of 0.2 M Tris buffer (pH 9.21), yielding blue-green solutions.  The 

solutions were then converted to a red-orange color by the addition of 80.0 μL of 4 M KOH(aq).  

The solutions were incubated at room temperature for 15 minutes in order to allow the color to 

fully develop prior to UV‒visible (UV‒vis) absorbance measurements. UV‒vis measurements 

were performed from 800‒400 nm (Cary 100 Bio spectrophotometer, Agilent Technologies Inc., 

Santa Clara, CA, USA; 0.3 cm pathlength quartz cuvette), and the absorbance at 480 nm used to 

quantify the total iron present (ε(Fe
3+

, 480nm) = 109.5 (mg/mL)
-1 

cm
-1

).  

Nanoparticle UV‒Visible Spectroscopy. All nanoparticle UV‒visible (UV‒vis) spectra were 

acquired using a Cary 100 Bio spectrophotometer (Agilent Technologies Inc., Santa Clara, CA, 

USA) from 800‒200 nm using a 0.3 cm pathlength quartz cuvette. Purification of the ligand 

exchange mixture was performed as previously stated in the in the detailed nanoparticle 

syntheses (Supporting Information) with modifications as outlined in Table S13. Purified 

nanoparticles were resuspended in buffer as outlined in Table S13. For each nanoparticle 

resuspension, any undispersed nanoparticles were magnetically separated by application of a 

handheld neodymium (NdFeB) to the sample vial for 5 minutes and the supernatant used for 

UV‒vis spectroscopy. 

 

Preparation of Fe(II) and Fe(III) 2,6-DHBA Complexes and UV‒Visible Spectroscopy of 

Complexes and Ligand Exchange Reaction Supernatants. All UV‒visible (UV‒vis) spectra 

were acquired using a Cary 100 Bio spectrophotometer (Agilent Technologies Inc., Santa Clara, 

CA, USA) from 800‒200 nm. The spectrum of the ligand exchange supernatants were obtained, 

at their original concentrations, from retained methanol wash supernatants (originating from the 

purification of ligand-nanoparticle reaction mixture) using a 0.3 cm pathlength quartz cuvette. 

Purification of ligand exchange mixture was performed as previously stated in the detailed 

nanoparticle syntheses (Supporting Information). 

 

 Solutions of 1 mM Fe(II) and Fe(III) were prepared by dissolving FeCl2∙4H2O and 

FeCl3∙6H2O, respectively, in an appropriate amount of 0.1 M HCl(aq). 2,6-DHBA was dissolved 

in methanol (MeOH) to prepare a 6 mM solution. To prepare iron-ligand complexes for UV‒vis 

spectroscopy, equivalent volumes of 6 mM 2,6-DHBA in MeOH and previously prepared 1 mM 

Fe(II) or Fe(III) solutions were combined. A ligand control sample was also prepared by mixing 

0.6 mL of 6 mM 2,6-DHBA in MeOH and 0.6 mL of 0.1 M HCl(aq) in a 1.5 mL Eppendorf tube. 

UV‒vis spectra of complexes and control were acquired without dilution using a 1 cm pathlength 

cuvette against a 1:1 (MeOH/0.1 M HCl(aq)) baseline.  
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Additional Tables and Figures 

 
Table S1. Summary of Nanoparticle Diameter and TEM Sample Plating Conditions for IONP-

OA and Ligand Exchanged IONPs  

Nanoparticle 

Additive Mean 

nanoparticle 

diameter 

Median 

nanoparticle 

diameter  

N Solvent used for TEM sample preparation
a
 

  (nm)   

IONP-OA 

(Batch 1) 

N/A 5.0 ± 0.8 5.0 2061 hexane 

(Batch 2) N/A 5.4 ± 0.9 5.3 3805 hexane 

IONP-3,5-DHBA
b
 HCl 5.5 ± 0.9 5.5 5425 DMSO 

 DI water 5.4 ± 0.9 5.3 4784 DMSO 

IONP-DA
b HCl 5.6 ± 0.9 5.5 5895 20 mM sodium acetate buffer pH 5.00 

IONP-3,4-DHBA
 
 DI water 5.0 ± 0.7 5.0 154 0.2 M Tris buffer pH 9.26 

IONP-3,4-DHPA HCl 5.5 ± 0.8 5.4 487 0.2 M Tris buffer pH 9.26 

 HCl 5.4 ± 0.9
b
 5.3 2323 0.2 M Tris buffer pH 9.26 

 DI water 5.1 ± 0.8
b
 5.0 4916 0.2 M Tris buffer pH 9.26 

IONP-2,3-DHBA HCl 5.1 ± 0.8 5.0 2564 DMF 

 DI water 5.3 ± 0.9 5.2 66 20 mM sodium phosphate buffer pH 7.19 

IONP-2,5-DHBA HCl 5.2 ± 0.8 5.1 5198 DMF 

 DI water 5.3 ± 0.8 5.1 2378 DMF 

IONP-SA HCl 5.2 ± 0.8 5.1 5373 DMSO 

 DI water 5.1 ± 0.8 5.0 2773 DMSO 

IONP-2,4-DHBA
b
 HCl  5.2 ± 0.9 5.1 2836 DMSO 

 DI water 5.3 ± 0.8 5.1 4163 DMSO 

IONP-2,6-DHBA
b
 DI water 5.4 ± 0.9 5.2 4051 DMSO 

a
Prior to sample plating, nanoparticle solutions were briefly vortexed and sonicated for 10, 1 second 

pulses each to ensure full redispersal.  
b
Ligand exchanged nanoparticles produced using IONP-OA Batch 2. 

Key: N/A, not applicable.  
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Table S2. Modified Nanoparticle Purification Parameters for Some TEM Samples
a
  

Nanoparticle 

Reaction 

additive 

Reaction 

mixture 

volume 

1
st
 wash 2

nd
 wash 

TEM Samples  (mL)   

IONP-3,5-DHBA HCl 2 3 x 1 mL hexane 3 x 1 mL methanol 

IONP-3,4-DHPA HCl 3 3 x 2 mL hexane 3 x 2 mL methanol 

 HCl
b
 2 3 x 1 mL hexane 3 x 1 mL methanol 

 DI water
b
 2 3 x 1 mL hexane 3 x 1 mL methanol  

IONP-2,5-DHBA HCl 2.8 3 x 2 mL hexane 3 x 2 mL methanol 

IONP-2,4-DHBA HCl 2  3 x 1 mL hexane 3 x 1 mL methanol 

 DI water 2  3 x 1 mL hexane 3 x 1 mL acetone 

a
In all other cases, nanoparticle purifications for TEM samples were conducted as outlined in the 

“Additional Experimental Section”. 
b
Nanoparticles synthesized with IONP-OA Batch 2.  
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Table S3. Modified Nanoparticle Purification Parameters for Some Solubility Determinations
a
  

Nanoparticle 

Reaction 

additive 

Solubility 

determination 

Reaction 

mixture 

volume 

1
st
 wash 2

nd
 wash 

   (mL)   

IONP-3,5-DHBA 

 

 

HCl DMSO 2 3 x 1 mL hexane 3 x 1 mL methanol or 

6 x 1 mL 

isopropanol/methanol  

(1:1) 

 

 DMF 2 3 x 1 mL hexane 1 x 1 mL ethanol then 

2 x 1 mL acetone 

 

DI water  DI water 2 3 x 1 mL hexane 3 x 1 mL methanol 

IONP-2,3-DHBA HCl DMSO 4 3 x 2 mL hexane 4 x 2 mL methanol 

IONP-2,4-DHBA HCl DMSO 2  3 x 1 mL hexane 3 x 1 mL methanol 

   4 3 x 2 mL hexane 6 x 2 mL acetone 

a
In all other cases, nanoparticle purifications for solubility determinations were conducted as 

outlined in the “Additional Experimental Section”. 
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Figure S1. TEM images of (A) IONP-OA (Batch 1). The following ligand exchanged 

nanoparticles were synthesized using Batch 1 IONP-OA with HCl unless otherwise specified: 

(B) IONP-3,4-DHBA (DI water), (C) IONP-2,5-DHBA, (D) IONP-2,5-DHBA (DI water), (E) 

IONP-2,3-DHBA, (F) IONP-2,3-DHBA (DI water), (G) IONP-SA, and (H) IONP-SA (DI 

water).  
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Figure S2. TEM images of (A) IONP-OA (Batch 2), (B) IONP-DA (Batch 2), (C) IONP-3,4-

DHPA (Batch 2), (D) IONP-3,4-DHPA (Batch 2, DI water), and (E) IONP-3,4-DHPA (Batch 1). 

Ligand exchanged nanoparticles were prepared from IONP-OA from either Batch 1 or 2 as noted 

with HCl added to the ligand exchange mixture, unless otherwise specified. 
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Figure S3. TEM images of (A) IONP-3,5-DHBA, (B) IONP-3,5-DHBA (DI water), (C) IONP-

2,4-DHBA, (D) IONP-2,4-DHBA (DI water), and (E) IONP-2,6-DHBA (DI water) prepared 

from IONP-OA (Batch 2) with HCl, unless otherwise specified.  
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FTIR Band Assignments for IONP-OA, Ligand Exchanged Nanoparticles, Investigated 

Ligands, and Ligand Sodium Salts 

Insights regarding all assignments listed in this section are provided by the references indicated 

as well as by Larkin
3
 and Lambert et al.

4
 Assignments for the v(Fe‒O) mode for nanoparticle 

samples were based on literature data for bulk magnetite (Fe3O4)
5
 and for other Fe3O4 

nanoparticles.
6
  

Table S4. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for Oleic 

Acid (OA), Sodium Oleate, and IONP-OA  

Oleic acid 

(OA) 

Sodium 

oleate 

IONP-OA 

(Batch 1) 

IONP-OA 

(Batch 2) 

Tentative assignments 

~3300‒

2400br 

not visible 3378br 3152br v(O‒H) 

3005
7
 3007

8
 3006 3004 v(=C‒H) (vinyl)

9
  

~2955sh 2956
8
 2954 2954 vas(CH3)

9c
 

2922
7a, 7b

 2919
8
 2923 2920 vas(CH2)

9a, 9c, 10
  

not visible 2874
8
 not visible not visible vs(CH3)  

2853
7a, 7b

 2850
8
 2858 2851 vs(CH2)

9a, 9c, 10, 11
  

1708
7b, 7c, 8, 9b, 

9c
 

not present not present not present v(C=O)
9a, 10a, 12

 

N/A 1559
8
 1520 1519 vas(COO

-
) 

1464 1462 not visible not visible βs(CH2)
9c

 (scissor) or β(C‒

OH)
7b, 9a, 10a

  

N/A 1444
8
 or 

1424 

1428
9b

 1425
9b

 vs(COO
-
) 

1412 not visible ~1412sh 1411 βas(=C‒H) (rock) or CH3 

umbrella mode
7b

 

1377 1379 ~1379sh ~1379sh δs(CH3)
9c

 

1284
7b

 1278w 1262w 1261w v(C‒O) (O=C‒OH)
10a

 

935 923 not present not present γ(C=C)
9c

 or γ(C‒OH)
3, 7b, 10a

 

(wag) 

722
3, 7a, 7b

 721 not visible not visible βas (CH2) (rock)
9c

 

N/A N/A 591 580 v(Fe‒O) 

Key:  
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br, broad; sh, shoulder; w, weak.  

v, stretch; β, in-plane bend; δ, bend, with no defined plane of motion; γ, out-of-plane bend. 

as, asymmetric; s, symmetric.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely to be part of a larger broad overlapping 

absorption. 

N/A: not applicable.  
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Table S5. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for 3,5-

Dihydroxybenzoic Acid (3,5-DHBA) and IONP-3,5-DHBA  

3,5-DHBA IONP-3,5-DHBA Tentative assignments 

 (HCl) (DI water) (DI water, 

water washed) 

 

3199br
13

 3202br 3306br 3159br v(O‒H) 

N/A 2930w 2929w not visible vas(CH2) 

N/A not visible 2858w not present vs(CH2) 

1682
13

 1693 1694 not present v(C=O), v(CC)ar (8a)
a
 

1606
b, 13

 1600 1603 1605 v(CC)ar (8b)
14

  

N/A 1584sh ~1552sh 1523
c
 vas(COO

-
)  

1514
13

 1517 1518 1523
c
 v(CC)ar (19b) 

1479
13

 1485 not visible not visible v(CC)ar, β(C‒OH)  

1415
13

 1410 1412 not visible β(C‒OH)
15

  

N/A not visible not visible 1396 vs(COO
-
) 

1328 1337 1333 not visible β(C‒OH) (Ar‒OH) 

1300
13

 1303 1304 1302 v(C‒H) (13)
14

  

1260
13

 1267 not visible not visible v(C‒O) (O=C‒OH), v(CC)ar 

1199 1204 1208 1209 v(C‒O) (Ar‒OH)
16

  

1159
13

 1159 1160 1158 β(C‒H) (9b)  

1106
13

 1109sh ~1114sh not visible β(C‒H) (18a) (translation)
14

 

1005 1002 1004 1005 α(CCC) (12) (radial skeletal, 

trigonal symmetry)
14

 or 1,3,5 

radial in phase stretch,
3
 mix 

of ring stretch and bending
15

  

939 944 ~937sh not visible γ(C‒OH) (O=C‒OH dimer, 

wag)
3, 15

 or v(C‒H) (7b)
14

  

916 not visible not present not present γ(C‒H)
13

 or γ(C‒OH) (O=C‒

OH dimer, wag)
3, 15

 

869
13

 867 858 not visible γ(C‒H) (17b)
14
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851 not visible 858 not visible γ(C‒H) (lone H wag, 1,3,5 

substitution)
3
  

697 697w ~695sh not visible ring pucker
3, 15

 

677w not visible not visible not visible ϕ(CCC) (4)
13

 (skeletal)
14

, ring 

pucker
3, 15

 

663
13

 663 669sh not visible α(CCC) (1) (radial skeletal) 

617
13

 not visible not visible not visible ϕ(CC) (ring pucker) 

N/A 580 582 572 v(Fe‒O) 

593
13

 not visible not visible not visible α(CCC) 

562
13

 557 not visible not visible γ(O‒H) 

532
13

 527 not visible not visible α(CCC) (6a) (skeletal)
14

 

467
13

 468 not visible not visible α(CCC) (6b) (skeletal)
14

 

a
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
 

b
Vibrations in bold are associated with the aromatic ring of 3,5-DHBA.  

c
Band observed at 1523 cm

-1
 is likely a result of a combination of vas(COO

-
) + v(CC)ar (19b). 

 

Key:  

br, broad; sh, shoulder; w, weak.   

v, stretch; β, in-plane bend; α, aromatic in-plane deformation; γ, out-of-plane bend; ϕ, aromatic 

out-of-plane deformation. 

as, asymmetric; s, symmetric.  

ar: aromatic ring. 

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely to be part of a larger broad overlapping 

absorption. 

N/A: not applicable.  
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Table S6. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for Dopamine 

(DA) and IONP-DA  

Dopamine (DA) IONP-DA (HCl) Tentative assignments 

3339br 3213br v(O‒H),
17

 v(N‒H2)  

3039
17a

 not visible v(C‒H)ar  

2929 2927 vas(CH2) 

not visible 2858 vs(CH2) 

1600
17a

 1605 δs(NH2) (scissor)
15, 18

  

1617,
17a

 1584,
17

 1499,
17b, 19

  1485
19

 v(CC)ar 

not visible 1485 v(C‒O) (semiquinone)
19, 20

  

1471 not present βs(CH2) (scissor)
17a

 or v(CC)ar
17b, 21

 

N/A 1427w v(COO
-
)as (incomplete removal of 

OA) 

1393
21

 not present β(C‒O‒H) (Ar‒OH)  

1343
17a

 1354 γs(CH2) (wag)  

1321
17b

 not present β(C‒O‒H) (Ar‒OH)  

1285
17a

 not visible or 1267 v(C‒O) (Ar‒OH)
19

 

1261 1267 γas(CH2) (twist)
17a

 or β(C‒C‒N) 

1206 1222w β(C‒C‒N)
4
 

1190, 1175 ~1202sh, w v(C‒C) + v(C‒O) (Ar‒OH)
17, 21

  

1146 1150 β(C‒H)ar 

1114
21

 1121 β(C‒H)ar  

1081  1088w v(C‒C‒N)
3, 4, 15

   

1014
17a

 1012 v(C‒N)  

963
17a

 972 βas (CH2) (rock)  

876,
17a, 21

 814
21

  882 γ(C‒H)ar (lone H wag, 1,3,4 

substitution)
3, 4

 

791 803 γ(N‒H) (wag)
4
 or γ(C‒H)ar

17a, 21
 (2 
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adjacent H wag, 1,3,4 substitution)
3
  

773 not present βas (CH2) (rock)
17a

 or γ(C‒N‒H)
21

 

751
21

 not visible γ(CCC)ar 

725w
17a

 not visible δ(CCC)ar
17b

 or βas (CH2) (rock) 

598
17b, 21

 not visible δ(CCC)ar 

N/A 582 v(Fe‒O) 

558sh
17b, 21

, 539 not visible δ(CCO) 

475
17a

  not visible δ(CCC)ar
21

 or δ(CCC‒O)
17b

  

460 not visible δ(CCC)ar
21

 or γ(CCC‒O)
17

 

Key:  

br: broad.  

v, stretch; δ, bend, with no defined plane of motion; β, in-plane bend; γ, out-of-plane bend; α, aromatic 

in-plane deformation; ϕ, aromatic out-of-plane deformation.  
as, asymmetric; s, symmetric.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. The 

band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely part of a larger broad overlapping absorption. 

N/A: not applicable.  
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Table S7. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for 3,4-

Dihydroxybenzoic Acid (3,4-DHBA), the Sodium Salt of 3,4-DHBA (Na-3,4-DHB), and IONP-

3,4-DHBA  

3,4-DHBA Na-3,4-DHB IONP-3,4-

DHBA (DI 

water) 

Tentative assignments 

3320br, 2534 3305br 3168br v(O‒H) 

N/A N/A 2925 vas(CH2) 

N/A N/A 2855 vs(CH2) 

1654 1679w
22

 1654 v(C=O) (dimer) 

1597
23

 1613 1603  v(CC)ar
22, 24

 (8b)
a,

 
14

 

1527
23

 1518 not visible v(CC)ar
24b

 (19b)
14

 

N/A 1541
22, 24b

  1582
b
 vas(COO

-
)  

not present ~1490sh 1491 v(CC)ar
22, 25

 or v(C‒O) 

(semiquinone)
20

  

1421
23, 24b

 1426
22

 1432sh v(CC)ar (19a)
14

 

1392,
14, 23

 1364 1350 1388 β(C‒OH) (O=C‒OH or Ar‒OH) 

N/A 1380 1388 vs(COO
-
) 

~1307sh,
14

 1278 1278 1276 v(C‒O) (O=C‒OH)
23

 + v(C‒H) (7a)
14

 

1244sh,
22, 23, 24b

 

1221 

1242,
22

 1208 not visible v(C‒O) (Ar‒OH)
15, 16

  

1155 not visible not visible β(C‒H)
16

 (18a) (translation)
14

 

1120 1132 1124 v(C‒H) (13)
14

 or β(C‒H)
16, 22‒24

  

1094 1094 1100 β(C‒H)
16, 23, 24b

 (18b) (translation)
14

 

942 950 949 v(C‒H) (7b)
14

 

942 or 910 950 949 γ(C‒OH) (O=C‒OH dimer, wag)
3, 15

 

880 879 886 γ(C‒H) (5)
14

 or lone H wag (1,3,4 

substitution)
3, 4

 

831 834w not visible γ(C‒H) (11)
14

 (1,3,4 substitution)
4
 

764 773 774 α(CCC) (12) (radial skeletal)
14

 or 2 
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adjacent H wag (1,3,4 substitution)
3
 

727w not visible not visible α(CCC) (1) (radial skeletal)
14

 

642 647 not visible γ(C=O)
14

 

599 609 not visible γ(O‒H)
14

 

N/A N/A 572 v(Fe‒O) 

556 547 not visible α(CCC) (6a) (radial skeletal) or 

ϕ(CCC) (16a) (skeletal)
14

 

546 547 not visible α(CCC) (6a) (radial skeletal)
14

 

not visible 461 not visible α(CCC) (6b) (skeletal)
14

 

a
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
 

b
Band may alternatively be a ring vibration.  

 

Key:  

br, broad; sh, shoulder; w, weak.  

v, stretch; β, in-plane bend; γ, out-of-plane bend; α, aromatic in-plane deformation; ϕ, aromatic 

out-of-plane deformation. 

as, asymmetric; s, symmetric.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

N/A: not applicable.  



 

S21 

Table S8. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for 3,4-

Dihydroxyphenylacetic Acid (3,4-DHPA), the Sodium Salt of 3,4-DHPA (Na-3,4-DHP), and 

IONP-3,4-DHPA 

3,4-

DHPA 

Na-3,4-

DHPA 

IONP-3,4-

DHPA 

   Tentative assignments 

  (HCl) (HCl)  

(2x 

washed) 

(DI 

water) 

(DI 

water)  

(2x 

washed) 

 

~3475‒

2400br 

3658, 

3032br 

3405br  3188br 3165br 3180br v(O‒H) 

2943 2943 not visible not visible not 

visible 

2926w vas(CH2) 

2843w 2830 not visible not visible not 

visible 

not 

visible 

vs(CH2) 

1682 not 

present 

1694 1700 1702 1702 v(C=O)  

1610, 

1514, 

1466 

1603, 

1522, 

1458 

1604, 

1520,  

1591, 

1524  

1590, 

1523  

1524 v(CC)ar  

not 

present 

not 

visible 

1477w  1487 1487 1486 v(CC)ar or v(C‒

O)(semiquinone)
20

 

N/A 1522 

(~1560

‒1522) 

1520 1524 1523 1524 vas(COO
-
)  

1416, 

1373 

1434, 

1370 

1444, 

1358 

not 

resolvable 

1420sh 1423sh β(C‒OH) (O=C‒OH) or 

(Ar‒OH) 

N/A 1399 

(~1399

‒1370) 

1407 1406 1400 1400 vs(COO
-
) 

1308, 

1277 

1301w, 

1281 

1285, 

1262 

1262 1262 1262 v(C‒O) (O=C‒OH) + 

v(CC)ar (14)
a, 14

 or v(C‒H) 

(7a)
14

 

1244 1254 1238, 

1212 

1216 1216 1217 v(C‒O) (Ar‒OH)
15

 

1188 1201 1190 1216 1216 1217 v(C‒H) (13)
14
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1167, 

1114 

1155, 

1118, 

1020 

1173, 

1148, 

1111 

1148, 

1118, 

1038 

1147, 

1118, 

1017 

1147, 

1118 

β(C‒H)ar 

952, 

924, or 

901 

941, 

931 

936, 925 933w 934w not 

visible 

γ(C‒OH) (O=C‒OH 

dimer, wag)
3, 15

 or v(C‒H) 

(7b)
14

 

901, 

870 

866 896, 877 883 888 889 γ(C‒H) (5)
14

 or lone H 

wag (1,3,4 substitution)
3, 4

 

805
4
 802  797 796 796 796 γ(C‒H) (11)

14
 or 2 

adjacent H wag (1,3,4 

substitution)
3
 

725 or 

711 

737, 

716 

~717sh not visible not 

visible 

not 

visible 

α(CCC) (1)
14

 (radial 

skeletal) or ring pucker
3
 

N/A N/A ~600‒567 586 579 580 v(Fe‒O) 

a
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
 

 

Key:  

br, broad; w, weak; sh, shoulder.  

v, stretch; β, in-plane bend; γ, out-of-plane bend. 

as, asymmetric; s, symmetric.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

N/A: not applicable.  

  



 

S23 

Table S9. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for 2,3-

Dihydroxybenzoic Acid (2,3-DHBA), the Sodium Salt of 2,3-DHBA (Na-2,3-DHB), and IONP-

2,3-DHBA 

2,3-DHBA Na-2,3-DHB IONP-2,3-DHBA Tentative assignments 

  HCl DI water  

~3500‒

2400br 

~3100‒

2400br 

3368br 3351br v(O‒H) 

N/A N/A 2927 2923 vas(CH2) 

N/A N/A 2856 2853 vs(CH2) 

1678, 1656 1644w not visible
a
 not visible

a
 v(C=O)

23
 (dimer) 

1599, 1471
25, 

26
  

1606, 1477 1584, 1476 1584, 1476 v(CC)ar
23, 24

 

N/A 1568 1543 1537 vas(COO
-
)
24a

 

1433, 1381,
23

 

1349
23, 24

 

1383, 1355 not visible not visible β(C‒OH) (O=C‒OH or Ar‒

OH) 

N/A 1421 1391 1397 vs(COO
-
) 

1298 1298 not present not present v(C‒O) (O=C‒OH)  

1277 1276 not visible not visible β(C‒H) (3)
b, 14

 (rotation) or 

v(CC)ar (14)
14

 

1255,
23

 1232 1230 1258, 1233 1257, 1231 v(C‒O) (Ar‒OH)
15, 27

 

1172sh, 

1158, 1072 

1196, 1160, 

1088 

1157, 1068 1157, 1068 β(C‒H)
16, 23

  

945 not present not present not visible γ(C‒OH) (O=C‒OH dimer, 

wag)
3, 15

 

792, 740, 722 792, 759, 724 794, 783, 755 794, 780, 754 γ(C‒H) (wag, 3 adjacent H, 

1,2,3 substitution)
3, 4

 

792 792 783 794, 780 α(CCC) (12)
14

 (radial skeletal) 

792 or 740 792, 759 794, 755 794, 754 γ(C‒H) (11)
14

 

740 or 722 724 755 754 γ(CCC) (4)
14

  

N/A N/A 579 579 v(Fe‒O) 

a
Absorbance is wide in this area.  
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b
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
  

 

Key:  

br: broad.  

v, stretch; β, in-plane bend; γ, out-of-plane bend; α, aromatic in-plane deformation. 

as, asymmetric; s = symmetric.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely to be part of a larger broad overlapping 

absorption. 

N/A: not applicable.  
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Table S10. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for 2,5-

Dihydroxybenzoic Acid (2,5-DHBA) and IONP-2,5-DHBA  

2,5-DHBA IONP-2,5-DHBA Tentative assignments 

 HCl DI water  

3119br 3339br 3233br v(O‒H)
28

 

N/A not visible 2927 vas(CH2) 

N/A not present 2858 vs(CH2) 

1664
23, 28, 29

 not visible not visible v(C=O)
14

 (dimer)  

1623  1628sh 1630sh v(CC)ar
23, 30

 (8b)
a, 14

 

1610
29a

 or 1594
14

 not visible not visible v(CC)ar
23

 (8a)
24a

  

N/A 1628sh,
b
 1548

29a
 1630sh, 1541

29a
 vas(COO

-
) 

1496 1483 1481 v(CC)ar
30

 (19b)
14, 29a

 

1469 not visible not visible v(CC)ar
23

 

1439 not visible not visible v(CC)ar
23

 (19a)
14

 

N/A 1459, 1387 1454, 1386 vs(COO
-
)
29a

 

1380 not visible not visible β(C‒OH)
14

 

not visible ~1351sh ~1350sh v(CC)ar (14) or vs(COO
-
) 

1277 1271 1273sh v(C‒O)
14

 (O=C‒OH) + β(C‒H) 

(3)
29a

 (rotation) 

1237 1236 1223 v(C‒O) (Ar‒OH)
29a

 (2-OH and 5-

OH) + v(C‒H) (7a)
14

 

1186br not visible not visible v(C‒O) (Ar‒OH)
16

 or v(C‒H) (13)
14

  

1137sh 1136 1135 β(C‒H)
24a, 30

 (18a
14

 or 9b
29a

) 

1076 1086 1086 β(C‒H) (18b
14

 or 15
29a

) 

950 946 946 γ(C‒H)
29a

 (17b)
14

 

932 not present  not present v(C‒H) (7b)
14

 or γ(C‒OH) (O=C‒

OH dimer, wag)
3, 15

 

not visible 885 886 γ(C‒H)
29a

 (5)
14

 or lone H wag (1,2,5 

substitution)
3, 4

 or βs(COO
-
)
29b
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853 not present not present γ(C‒OH)
14, 29b

 (COOH) 

833 825 826 γ(C‒H)
4, 29a

 (11)
14

 

796 783 784 α(CCC) (12) (radial skeletal)
14

 

787 783 784 γ(C‒H) (2 adjacent H wag, 1,2,5 

substitution)
3
 or γ(C=O)

30
  

755 not present not present β(C=O)
14, 29b

 or ring deformation
30

  

721 not visible not visible α(CCC) (1),
14

 or γ(C‒H)
30

  

678 not visible not visible γ(C=O)
14, 30

 

N/A 580 579 v(Fe‒O) 

549 not visible not visible α(CCC) (6a)
14

 

469 not visible not visible α(CCC) (6b)
14

 

407 not visible not visible β(C‒H) (9b)
14

 

a
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
 

b
Underlined values for bands are the more likely choice for the assignment.  

  

 

Key:  

br, broad; sh, shoulder.  

v, stretch; β, in-plane bend; γ, out-of-plane bend; α, aromatic in-plane deformation. 

as, asymmetric; s, symmetric.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely to be part of a larger broad overlapping 

absorption. 

N/A: not applicable.  
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Table S11. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for Salicylic 

Acid (SA), and IONP-SA 

Salicylic acid 

(SA) 

IONP-SA (HCl) IONP-SA (DI 

water) 

Tentative assignments 

~3300‒2400br 3252br 3202br v(O‒H) 

3062sh not visible not visible v(C‒H)
31

 (20a)
a, 14

 

N/A 2925w 2925 vas(CH2) 

N/A 2857w 2854 vs(CH2) 

1655
32

 not visible not visible v(C=O)
14, 23, 33

 (dimer) 

1610
23, 32

 1620 or 1602
31, 

34
 

1621 or 1601
31, 34

  v(CC)ar
34

 (8b)
14, 35

  

1579
23, 32

 1584sh  1582w  v(CC)ar
31

 (8a)
14, 33, 35

  

not visible 1602, 1527 1601, 1527 vas(COO
-
)  

1482
23, 32, 36

 1482sh, w 1481sh, w v(CC)ar
37

 (19b)
14, 28, 35

  

1465
23, 32

 1468 1468 v(CC)ar
31, 34

 (19a)
14, 33

  

1443 1455 1456 v(CC)ar
15, 23

 or β(C‒OH)
14

 (O=C‒

OH)
32

  

N/A ~1409sh, w; 

1390 

~1409sh, w; 1390 vs(COO
-
)  

1383w not visible not visible β(C‒OH) (Ar‒OH)
32

 

1324
14

 ~1354sh ~1349sh v(CC)ar (14)  

1324 not visible not visible v(CC)ar (14)
14

 or v(C‒O) (O=C‒

OH)
32, 33

 

1292 not visible not visible v(C‒O) (O=C‒OH)
14

 + β(C‒H) 

(3)
33

 (rotation) 

1247 1246 1248 v(C‒O) (Ar‒OH)
23, 32‒36, 37

 or v(C‒

H) (7a)
14

 

1209 not present  not visible β(C‒OH)
14, 23

 or v(C‒O) (Ar‒OH)
16

  

1188 not present ~1188sh v(C‒H) (13)
14

  

1155 1159 1159 β(C‒H)
23, 35, 37

 (9a)
14, 33
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not visible 1144 1144 β(C‒H)
35, 37a

 (18a)
14, 37b

 (9b)
33

 

1089 not visible 1095 β(C‒H)
23

 (15)
33

  

1030 1033 1032 β(C‒H)
15, 23, 35, 37a

 (18b
14, 32, 37b

 or 

18a
33

) (translation) 

994 not visible not visible γ(C‒H) (5)
14

 

964 not visible not visible γ(C‒H) (17b)
14

 

867 864sh 865sh βs(COO
-
)
38

 or γ(C‒H) (10a)
33

  

852 not present not present α(CCC) (12) (radial skeletal)
14

  

784 794 793 α(CCC) (1) (radial skeletal)
14

  

757 756 755 γ(C‒H)
31

 (11)
14

 or 4 adjacent CH 

wag (ortho substitution)
3, 4, 15

 

693 ~701sh, w 701sh ϕ(CCC) (4) (skeletal)
14

 

659 ~660sh, w ~661sh, w γ(C=O)
14

  

N/A 579 579 v(Fe‒O) 

567 not visible not visible α(CCC) (6a)
33

 (radial skeletal)
14

  

531 not visible not visible ϕ(CCC) (16a) (skeletal)
14

 

463 not visible not visible α(CCC) (6b) (radial skeletal)
14

 

430 not visible not visible ϕ(CCC) (16b) (skeletal)
14

 

a
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
  

 

Key:  

br, broad; w, weak; sh, shoulder.  

v, stretch; β, in-plane bend; γ, out-of-plane bend; α, aromatic in-plane deformation; ϕ, aromatic 

out-of-plane deformation.  

as, asymmetric; s, symmetric.  

ar: aromatic ring. 

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely to be part of a larger broad overlapping 

absorption.  
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Table S12. Observed Bands (cm
-1

) and Tentative Assignments from 4000‒400 cm
-1

 for 2,4-

Dihydroxybenzoic Acid (2,4-DHBA), the Sodium Salt of 2,4-DHBA (Na-2,4-DHB), and IONP-

2,4-DHBA  

2,4-DHBA Na-2,4-

DHB 

IONP-2,4-DHBA  Tentative 

assignments 

  (HCl) (HCl) (6 

washes 

acetone) 

(DI water)  

~3300‒

2550br 

~3575‒

2570br 

3194br 3213br 3152br v(O‒H)
28

 

N/A N/A 2926 not resolvable 2924 vas(CH2) 

N/A N/A not 

resolvable 

not resolvable 2855 vs(CH2) 

not present not present 1719 not present not present v(C=O) 

1629br 1636 1627 1627 1625 v(C=O) (dimer) + 

v(CC)ar
39

 (8b)
a,

 
14

 

N/A 1557 1599 1602 1600 vas(COO
-
)  

1521 1515 1534w or 

1509 

1530w or 

1509 

1520w or 

1508 

v(CC)ar
39

 (19b)
14

 

1444 1441 1456 1457 1455 v(CC)ar
39

 (19a)
14

 

1406 1408 not visible not visible not visible β(C‒OH)
14, 39

 

N/A 1483 or 

1345
b
 

1387 1389 1386 vs(COO
-
) 

1352 1345 not visible not visible not visible v(CC)ar (14)
14

  

1280 1300 1294 1298, 

1276vw
c
 

1295 v(C‒O) (O=C‒OH) + 

β(C‒H) (3) 

(rotation)
14

 

not visible 1263 1248 1251, 

1276vw 

1249 v(C‒O) (Ar‒OH)
16

 

(2-OH) 

1225 1222 not 

resolvable 

not resolvable not 

resolvable 

v(C‒O) (Ar‒OH)
16

 

(4-OH) 

1185 1185 not visible 1177 1177 v(C‒H) (13)
14

  

1157 1147 1155 1158 1157 β(C‒H)
39

 (18a) 
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(translation)
14

 

1092 1091 1102 1104 1102 β(C‒H) (18b) 

(translation)
14

 

978 984 988 or 976 988 or 977 988 or 976 v(C‒H) (7b)
14

 

951 not present 949 not visible not visible γ(C‒H) (17b)
14

 

875 860 883 883 884 γ(C‒H) (5)
14

 (lone H 

wag, 1,2,4 

substitution)
3,4

 or 

γ(OH)
14

  

846 860 or 828 849 849 847 γ(C‒H)
4, 39

 (11)
14

  

772 761 783 782 780 α(CCC) (12) (radial 

skeletal)
14

 or 2 

adjacent H wag 

(1,2,4 substitution)
3
 

748 761 not visible not visible not visible β(C=O)
14

 

687 688 ~694sh  ~694sh ~693sh ϕ(CCC) (4) 

(skeletal),
14

 ring 

pucker
3
 

N/A N/A 571 572 567 v(Fe‒O) 

478 482 not visible not visible not visible ϕ(CCC) (16b) 

(skeletal)
14

 

a
Numbers in brackets correspond to vibrational modes outlined in Láng and Varsányi.

14
  

b
Underlined value is the more likely choice for the assignment.  

c
Vibration may correspond to deprotonated phenol.

40
  

 

Key:  

br, broad; vw, very weak.  

v, stretch; β, in-plane bend; γ, out-of-plane bend; α, aromatic in-plane deformation; ϕ, aromatic 

out-of-plane deformation. 

as, asymmetric; s, symmetric.  

ar: aromatic ring. 

not resolvable: A given band is extremely weak or appears to be contained within a wider 

absorbance and its exact position cannot be resolved.  

not visible: A given band was not visible but may be part of a larger broad absorption in the area. 

The band may exist but this cannot be confirmed or denied. 

not present: A given band was not visible and is unlikely to be part of a larger broad overlapping 

absorption.   

N/A: not applicable.  
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Figure S4. FTIR spectra of (A) IONP-OA (Batch 1), with select bands as follows (in cm

-1
): 

3378br v(OH); 3006 v(=CH)vinyl; 2954 vas(CH3); 2923 vas(CH2); 2858 vs(CH2); 1520 vas(COO
-
); 

1428 vs(COO
-
); ~1379sh δs(CH3); 1262w v(CO)O=C‒OH; 591 v(Fe‒O). 

(B) IONP-OA (Batch 2): 3152br v(OH); 3004 v(=CH)vinyl; 2954 vas(CH3); 2920 vas(CH2); 2851 

vs(CH2); 1519 vas(COO
-
); 1425 vs(COO

-
); ~1379sh δs(CH3); 1261w v(CO)O=C‒OH; 580 v(Fe‒O). 

(C) oleic acid (liquid, neat): ~3330‒2400br v(OH); 3005 v(=CH)vinyl; ~2955sh vas(CH3); 2922 

vas(CH2); 2853 vs(CH2); 1708 v(C=O); 1464 βs(CH2)scissor or β(COH); 1377 δs(CH3); 1284 

v(CO)O=C‒OH. 

(D) sodium oleate solid: 3007 v(=CH)vinyl; 2956 vas(CH3); 2919 vas(CH2); 2874 vs(CH3); 2850 

vs(CH2); 1559 vas(COO
-
); 1444 or 1424 vs(COO

-
); 1379 δs(CH3); 1278w v(CO)O=C‒OH. 
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Figure S5. FTIR spectra of (A) 3,5-DHBA solid, with select bands as follows (in cm

-1
): 3199br 

v(OH); 1682 v(C=O), v(CC)ar; 1606, 1514 v(CC)ar; 1479 v(CC)ar, β(COH); 1415 β(COH); 1415 

β(COH)Ar‒OH; 1300 v(CH); 1260 v(CO)O=C‒OH, v(CC)ar; 1199 v(CO)Ar‒OH; 1159 β(CH); 1005 

α(CCC).  

(B) IONP-3,5-DHBA (HCl preparation): 3202br v(OH); 2930w vas(CH2); 1693 v(C=O), v(CC)ar; 

1600, 1517 v(CC)ar; 1584sh vas(COO
-
); 1485 v(CC)ar, β(COH); 1410 β(COH); 1337 β(COH)Ar‒

OH; 1303 v(CH); 1267 v(CO)O=C‒OH, v(CC)ar; 1204 v(CO)Ar‒OH; 1159 β(CH); 1002 α(CCC); 580 

v(Fe‒O).  

(C) IONP-3,5-DHBA (DI water): 3306br v(OH); 2929w vas(CH2); 2858w vs(CH2); 1694 v(C=O), 

v(CC)ar; 1603, 1518 v(CC)ar, ~1552sh vas(COO
-
); 1412 β(COH); 1333 β(COH)Ar‒OH, 1304 

v(CH); 1208 v(CO)Ar‒OH; 1160 β(CH); 1004 α(CCC); 582 v(Fe‒O).  

(D) IONP-3,5-DHBA (DI water, with DI water wash): 3159br v(OH); 1605, 1523 v(CC)ar, 1523 

vas(COO
-
); 1396 vs(COO

-
); 1302 v(CH); 1209 v(CO)Ar‒OH; 1158 β(CH); 1005 α(CCC); 572 v(Fe‒

O). 
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Figure S6. FTIR spectra of (A) IONP-DA, with select bands as follows (in cm

-1
): 3213br v(OH), 

v(NH2); 2927 vas(CH2); 2858 vs(CH2); 1605 δs(NH2)scissor; 1485 v(CC)ar; 1485 v(CO)semiquinone; 

1427w v(COO
-
)as, 1267 γas(CH2)twist or β(CCN);  1222w β(CCN); ~1202sh, w v(CC)+v(CO)Ar‒

OH; 1150, 1121 β(CH)ar; 1088w v(CCN), 1012 v(CN), 803 γ(NH)wag or γ(C‒H)ar; 582 v(Fe‒O). 

(B) DA·HCl solid: 3339br v(OH), v(NH2); 2929 vas(CH2); 1600 δs(NH2)scissor; 1617, 1584, 1499 

v(CC)ar; 1471 βs(CH2)scissor or v(CC)ar; 1393, 1321 β(COH)Ar‒OH; 1261 γas(CH2)twist or β(CCN);  

1206w β(CCN); 1190, 1175 v(CC)+v(CO)Ar‒OH; 1146, 1114 β(CH)ar; 1081 v(CCN), 1014 v(CN) 

791 γ(NH)wag or γ(C‒H)ar. 
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Figure S7. FTIR spectra of (A) IONP-3,4-DHBA (DI water), with select bands as follows (in 

cm
-1

): 3168br v(OH); 2825 vas(CH2); 2855 vs(CH2); 1654 v(C=O)dimer; 1603, 1432sh v(CC)ar; 

1582 vas(COO
-
); 1491 v(CC)ar or v(CO)semiquinone; 1388 β(COH)O=C‒OH or Ar‒OH; 1388 vs(COO

-
); 

1276 v(CO)O=C‒OH + v(CH); 1124 v(CH) or β(CH); 1100 β(CH); 949 v(CH) or γ(COH)O=C‒OH 

dimer, wag; 572 v(Fe‒O). 

(B) 3,4-DHBA (solid): 3320br, 2534 v(OH); 1654 v(C=O)dimer; 1597, 1527, 1421 v(CC)ar; 1392, 

1364 β(COH)O=C‒OH or Ar‒OH; ~1307sh, 1278 v(CO)O=C‒OH + v(CH); 1244sh, 1221 v(CO)Ar‒OH; 

1155, 1094 β(CH); 1120 v(CH) or β(CH); 942 v(CH); 942 or 910 γ(COH)O=C‒OH dimer, wag. 

(C) Na-3,4-DHB: 3305br v(OH); 1679w v(C=O)dimer; 1613, 1518, 1426 v(CC)ar; 1541 vas(COO
-
); 

~1490sh v(CC)ar or v(CO)semiquinone; 1380 vs(COO
-
); 1350 β(COH)O=C‒OH or Ar‒OH; 1278 v(CO)O=C‒

OH + v(CH); 1242, 1208 v(CO)Ar‒OH; 1132 v(CH) or β(CH); 1094 β(CH); 950 v(CH) or 

γ(COH)O=C‒OH dimer, wag. 
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Figure S8. FTIR spectra of (A) IONP-3,4-DHPA (HCl preparation), with select bands as follows 

(in cm
-1

): 3405br v(OH); 1694 v(C=O); 1604, 1520 v(CC)ar; 1477w v(CC)ar or v(CO)semiquinone; 

1520 vas(COO
-
); 1444, 1358 β(COH)O=C‒OH or Ar‒OH; 1407 vs(COO

-
); 1285, 1262 v(CO)O=C‒OH + 

v(CC)ar or v(CH); 1238, 1212 v(CO)Ar‒OH; 1173, 1148, 1111 β(CH)ar; 936, 925 γ(COH)O=C‒OH 

dimer, wag or v(CH); ~600‒567 v(Fe‒O). 

(B) IONP-3,4-DHPA (DI water): 3165br v(OH); 1702 v(C=O); 1590, 1523 v(CC)ar; 1487 v(CC)ar 

or v(CO)semiquinone; 1523 vas(COO
-
); 1420sh β(COH)O=C‒OH or Ar‒OH; 1400 vs(COO

-
); 1262 

v(CO)O=C‒OH + v(CC)ar or v(CH); 1216 v(CO)Ar‒OH or v(CH); 1147, 1118, 1017 β(CH)ar; 934w 

γ(COH)O=C‒OH dimer, wag or v(CH); 579 v(Fe‒O). 

(C) IONP-3,4-DHPA (HCl, 2x washed): 3188br v(OH); 1700 v(C=O); 1591, 1524 v(CC)ar; 1487 

v(CC)ar or v(CO)semiquinone; 1524 vas(COO
-
); 1406 vs(COO

-
); 1262 v(CO)O=C‒OH + v(CC)ar or 

v(CH); 1216 v(CO)Ar‒OH or v(CH); 1148, 1118, 1038 β(CH)ar; 933w γ(COH)O=C‒OH dimer, wag or 

v(CH); 586 v(Fe‒O). 

(D) IONP-3,4-DHPA (DI water, 2x washed): 3180br v(OH); 2926w vas(CH2); 1702 v(C=O); 

1590, 1523 v(CC)ar; 1486 v(CC)ar or v(CO)semiquinone; 1524 vas(COO
-
); 1423sh β(COH)O=C‒OH or Ar‒

OH; 1400 vs(COO
-
); 1262 v(CO)O=C‒OH + v(CC)ar or v(CH); 1217 v(CO)Ar‒OH or v(CH); 1147, 

1118 β(CH)ar; 580 v(Fe‒O). 
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Figure S9. FTIR spectra of (A) 3,4-DHPA solid, with select bands as follows (in cm

-1
): ~3475‒

2400br v(OH); 2943 vas(CH2); 2843w vs(CH2); 1682 v(C=O); 1610, 1514, 1466 v(CC)ar; 1416, 

1373 β(COH)O=C‒OH or Ar‒OH; 1308, 1277 v(CO)O=C‒OH + v(CC)ar or v(CH); 1244 v(CO)Ar‒OH; 

1188 v(CH); 1167, 1114 β(CH)ar; 952, 924, or 901 γ(COH)O=C‒OH dimer, wag or v(CH).  

(B) sodium salt of 3,4-DHPA (Na-3,4-DHP): 3658, 3032br v(OH); 2943 vas(CH2); 2830 vs(CH2); 

1603, 1522, 1458 v(CC)ar; 1522 (~1560‒1522) vas(COO
-
); 1434, 1370 β(COH)O=C‒OH or Ar‒OH; 

1399 (~1399‒1370) vs(COO
-
); 1301w, 1281 v(CO)O=C‒OH + v(CC)ar or v(CH); 1254 v(CO)Ar‒OH; 

1155 v(CH); 1155, 1118, 1020 β(CH)ar; 941, 931 γ(COH)O=C‒OH dimer, wag or v(CH). 
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Figure S10. FTIR spectra of (A) IONP-2,3-DHBA (HCl preparation), with select bands as 

follows (in cm
-1

): 3368br v(OH); 2927 vas(CH2); 2856 vs(CH2); 1584, 1476 v(CC)ar; 1543 

vas(COO
-
); 1391 vs(COO

-
); 1258, 1233 v(CO)Ar‒OH; 1157, 1068 β(CH); 579 v(Fe‒O). 

(B) IONP-2,3-DHBA (DI water): 3351br v(OH); 2923 vas(CH2); 2853 vs(CH2); 1584, 1476 

v(CC)ar; 1537 vas(COO
-
); 1397 vs(COO

-
); 1257, 1231 v(CO)Ar‒OH; 1157, 1068 β(CH); 579 v(Fe‒

O). 

(C) 2,3-DHBA solid: ~3500‒2400br v(OH); 1678, 1656 v(CO)dimer; 1599, 1471 v(CC)ar; 1433, 

1381, 1349 β(COH)O=C‒OH or Ar‒OH; 1298 v(CO)O=C‒OH; 1277 β(CH) or v(CC)ar; 1255, 1232 

v(CO)Ar‒OH; 1172sh, 1158, 1072 β(CH); 945 γ(COH)O=C‒OH. 

(D) sodium salt of 2,3-DHBA (Na-2,3-DHB): ~3100‒2400br v(OH); 1644w v(CO)dimer; 1606, 

1477 v(CC)ar; 1568 vas(COO
-
); 1383, 1355 β(COH)O=C‒OH or Ar‒OH; 1421 vs(COO

-
); 1298 

v(CO)O=C‒OH; 1276 β(CH) or v(CC)ar; 1230 v(CO)Ar‒OH; 1196, 1160, 1088 β(CH). 
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Figure S11. FTIR spectra of (A) IONP-2,5-DHBA (HCl preparation), with select bands as 

follows (in cm
-1

): 3339br v(OH); 1628sh, 1483 v(CC)ar; 1628sh or 1548 vas(COO
-
); 1459, 1387 

vs(COO
-
); ~1351sh v(CC)ar or vs(COO

-
); 1271 v(CO)O=C‒OH + β(CH); 1236 v(CO)Ar‒OH + v(CH); 

1136, 1086 β(CH); 885 γ(CH) or βs(COO
-
); 580 v(Fe‒O). 

(B) IONP-2,5-DHBA (DI water): 3233br v(OH); 2927 vas(CH2); 2858 vs(CH2); 1630sh, 1481 

v(CC)ar; 1630sh or 1541 vas(COO
-
); 1454, 1386 vs(COO

-
); ~1350sh v(CC)ar or vs(COO

-
); 1273sh 

v(CO)O=C‒OH + β(CH); 1223 v(CO)Ar‒OH + v(CH); 1135, 1086 β(CH); 886 γ(CH) or βs(COO
-
); 

579 v(Fe‒O). 

(C) 2,5-DHBA solid: 3119br v(OH); 1664 v(CO)dimer; 1623, 1610, 1594, 1496, 1469, 1439 

v(CC)ar; 1380 β(COH); 1277 v(CO)O=C‒OH + β(CH); 1237 v(CO)Ar‒OH + v(CH); 1186br v(CO)Ar‒

OH or v(CH); 1076 β(CH); 932 v(CH) or γ(COH)O=C‒OH dimer, wag; 853 γ(COH)COOH; 755 β(C=O) 

or ring deformation; 678 γ(C=O).   
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Figure S12. FTIR spectra of (A) IONP-SA (HCl preparation), with select bands as follows (in 

cm-1): 3253br v(OH); 2825w vas(CH2); 2857w vs(CH2); 1620, 1584sh, 1482sh, w, 1468, ~1354sh 

v(CC)ar; 1602 v(CC)ar or vas(COO
-
); 1527 vas(COO

-
); 1455 v(CC)ar or β(COH)O=C‒OH; ~1409sh, 

w, 1390 vs(COO
-
); 1246 v(CO)Ar‒OH or v(CH); 1159, 1144, 1033 β(CH); 864sh βs(COO

-
) or 

γ(CH); ~660sh, w γ(C=O); 579 v(Fe‒O).  

(B) IONP-SA (DI water): 3202br v(OH); 2925 vas(CH2); 2854 vs(CH2); 1621, 1582w, 1481sh, w, 

1468, ~1349sh v(CC)ar; 1601 v(CC)ar or vas(COO
-
); 1527 vas(COO

-
); 1456 v(CC)ar or β(COH)O=C‒

OH; ~1409sh, w, 1390 vs(COO
-
); 1248 v(CO)Ar‒OH or v(CH); ~1188sh v(CH); 1159, 1144, 1095, 

1032 β(CH); 865sh βs(COO
-
) or γ(CH); ~661sh, w γ(C=O); 579 v(Fe‒O). 

(C) SA solid: ~3300‒2400br v(OH); 1655 v(C=O)dimer; 1610, 1579, 1482, 1465 v(CC)ar; 1443 

v(CC)ar or β(COH)O=C‒OH; 1383w β(COH)Ar‒OH; 1324 v(CC)ar or v(CO)O=C‒OH; 1292 v(CO)O=C‒

OH + β(CH); 1247 v(CO)Ar‒OH or v(CH); 1209 β(COH) or v(CO)Ar‒OH; 1188 v(CH); 1155, 1089, 

1030 β(CH); 867 βs(COO
-
) or γ(CH); 659 γ(C=O). 
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Figure S13. FTIR spectra of (A) IONP-2,4-DHBA (HCl preparation), with select bands as 

follows (in cm
-1

): 3194br v(OH); 2926 vas(CH2); 1719 v(C=O); 1627 v(C=O)dimer + v(CC)ar; 1599 

vas(COO
-
); 1534w, 1509, 1456 v(CC)ar; 1387 vs(COO

-
), 1294 v(CO)O=C‒OH + β(CH); 1248 

v(CO)Ar‒OH, 2-OH; 1155, 1102 β(CH); 571 v(Fe‒O). 

(B) IONP-2,4-DHBA (HCl, 6 washes acetone): 3213br v(OH); 1627 v(C=O)dimer + v(CC)ar; 1602 

vas(COO
-
); 1530w, 1509, 1457 v(CC)ar; 1389 vs(COO

-
), 1298, 1276vw v(CO)O=C‒OH + β(CH); 

1251, 1276vw v(CO)Ar‒OH, 2-OH; 1177, 1158, 1104 β(CH); 572 v(Fe‒O). 

(C) IONP-2,4-DHBA (DI water): 3152br v(OH); 2924 vas(CH2); 2855 vs(CH2); 1625 v(C=O)dimer 

+ v(CC)ar; 1600 vas(COO
-
); 1520w, 1508, 1455 v(CC)ar; 1386 vs(COO

-
), 1295 v(CO)O=C‒OH + 

β(CH); 1249 v(CO)Ar‒OH, 2-OH; 1157, 1102 β(CH); 567 v(Fe‒O). 
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Figure S14. FTIR spectra of (A) 2,4-DHBA solid, with key bands as follows (in cm

-1
): ~3300‒

2550br v(OH); 1629br v(C=O)dimer + v(CC)ar; 1521, 1444, 1352 v(CC)ar; 1406 β(COH); 1280 

v(CO)O=C‒OH + β(CH); 1225 v(CO)Ar‒OH, 4-OH; 1157, 1092 β(CH); 748 β(C=O).   

(B) sodium salt of 2,4-DHBA (Na-2,4-DHB): ~3575‒2570br v(OH); 1636 v(C=O)dimer + v(CC)ar; 

1557 vas(COO
-
); 1515, 1441, 1345 v(CC)ar; 1408 β(COH); 1483 or 1325 vs(COO

-
); 1300 

v(CO)O=C‒OH + β(CH); 1263 v(CO)Ar‒OH, 2-OH; 1222 v(CO)Ar‒OH, 4-OH; 1147, 1091 β(CH); 761 

β(C=O). 
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Figure S15. UV‒visible solution spectra comparing the absorption profile of IONP-OA against 

various ligand exchanged nanoparticles.  
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Table S13. Modified Nanoparticle Purification Parameters for Some Samples Prepared for UV‒

Visible (UV‒Vis) Spectroscopy and Electrokinetic Measurements 

Nanoparticle 

 

 

Reaction 

mixture 

volume 

(mL) 

1
st
 wash 2

nd
 wash Solvent used for 

resuspension 

UV‒Vis Spectroscopy    

IONP-OA N/A N/A N/A hexane 

IONP-3,4-DHPA 4 3 x 2 mL hexane 3 x 2 mL methanol 3 mL 0.2 M Tris buffer pH 

9.22 

IONP-3,4-DHBA 3 3 x 1.5 mL hexane 3 x 1.5 mL methanol 2.25 mL 0.2 M Tris buffer 

pH 9.22 

IONP-3,5-DHBA 2 3 x 1 mL hexane 3 x 1 mL (1:1) 

isopropanol/methanol 

0.4 mL 20 mM NaOAc
a
 

buffer pH 4.94 

Electrokinetic Measurements 
   

IONP-3,4-DHPA 4 3 x 2 mL hexane 3 x 2 mL methanol 1.65 mL 0.2 M Tris buffer 

pH 9.21 

IONP-3,4-DHBA 4 3 x 2 mL hexane 3 x 2 mL methanol 1.7 mL 0.2 M Tris buffer pH 

9.21 
a
NaOAc = sodium acetate. 
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Figure S16. Comparison of bands relevant to ligand binding in the FTIR spectra of (A, B) 3,4-

DHPA and against their corresponding sodium salt and functionalized nanoparticles. For some 

bands, dotted lines are added to guide the eye. Scale has been adjusted in (A) to view the 

nanoparticle spectra more closely. 
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Figure S17. Comparison of bands relevant to ligand binding in the FTIR spectra of (A) 3,4-

DHBA and (B) 2,3-DHBA against their corresponding sodium salt and functionalized 

nanoparticles. For some bands, dotted lines are added to guide the eye.  
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Figure S18. FTIR spectra comparing the IONP-3,4-DHPA HCl added, HCl (2x washed), DI 

water added, and DI water (2x washed) preparations with 3,4-DHPA solid showing the removal 

of excess 3,4-DHPA, and other reaction by-products, with continued purification by washing 

with acetone. 
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Figure S19. FTIR spectra of IONP-SA, IONP-2,4-DHBA, and IONP-2,5-DHBA synthesized 

under (A) HCl added or (B) DI water added conditions. Methylene vibrations (vas,s(CH2)) are 

highlighted in yellow.  
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Figure S20. Solution spectra from 390‒800 nm of the ligand exchange supernatant recovered 

from the attempted ligand exchange reaction of 2,6-DHBA with IONP-OA (HCl added 

conditions), prepared complexes of Fe(II) or Fe(III) and 2,6-DHBA, and a control where only 

2,6-DHBA (in 1:1 methanol/0.1 M HCl(aq)) is present. Peak maxima in the visible range are 

indicated.  
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Table S14. Ligand Exchange Supernatant Colors and Visible Spectra Maxima.  

Ligand Color λmax, supernatant 

(nm) 

λmax, Fe(III)‒ligand complex (nm) 

2,6-DHBA Indigo 572 565 (This work) 

2,3-DHBA Indigo 578 575
41

  

SA Purple-violet 525 520‒530
42

  

2,5-DHBA Green-blue 589, 362 590
43
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Additional Analysis 

 

FTIR Analysis of the Iron Oxide Nanoparticle Core Structure.  According to the literature, 

Fe3O4 (magnetite) has no distinct spectral features in the IR above 600 cm
-1

,
6a, 6b, 44

 with bulk 

magnetite presenting an Fe–O band at 570 cm
-1

.
5
 In contrast, γ-Fe2O3 (maghemite) presents a 

series of bands above 600 cm
-1

.
6a, 45

 These differences in spectral features for Fe3O4 versus Fe2O3 

allow us to assign the strong v(Fe–O) vibration at 591 and 580 cm
-1

 for IONP-OA to that of 

Fe3O4. The vibration is slightly blue-shifted from the measurement of Fe3O4 in bulk, likely due 

to the consequence of under-coordination of surface atoms (compared to bulk) of nanosized iron 

oxide leading to an increase in the force constant for Fe‒O.
46

  

The broad v(Fe‒O) band does extend above 600 cm
-1

 with an additional broad shoulder around 

690 cm
-1

 for both preparations of IONP-OA. Weak absorbances are also visible at around 700 

cm
-1

 in the spectra of IONP-3,4-DHPA, IONP-2,3-DHBA, IONP-3,4-DHBA, IONP-3,5-DHBA, 

IONP-2,5-DHBA (~681/686 cm
-1

 for HCl/DI water), and IONP-2,4-DHBA (~695/692 cm
-1

 for 

HCl/DI water). These weak shoulders around 690 cm
-1

 may point to an oxidized shell of iron 

oxide, maghemite, around the magnetite nanoparticle core.
6a, 45, 47

 Both batches of prepared 

IONP-OA had similar IR spectra except for the position of the Fe–O stretch. The shift in v(Fe–

O) to higher wavenumbers for the first batch of IONP-OA may be a result of oxidation over time 

during storage at -20 °C (FTIR spectra of IONP-OA (Batch 1) was obtained 4 months after 

nanoparticle synthesis), or increased oxidation during the initial preparation and purification of 

the nanoparticles.    
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