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Abstract An azide-functionalized nitronyl nitroxide was successfully
synthesized and its reactivity towards the Staudinger-Bertozzi ligation was
explored. While a model reaction in solution showed the conversion of the
nitronyl nitroxide to an imino nitroxide radical, the same reaction at the
interface of gold nanoparticles allowed for successful covalent incorporation
of the nitronyl nitroxide radical onto the nanoparticles.

Key words Gold Nanoparticles, Stable Radicals, Nitronyl Nitroxides,
Bioorthogonal Chemistry, Electron Paramagnetic Resonance Spectroscopy, X-
ray Photoelectron Spectroscopy.

Since the discovery of the persistent triphenylmethyl radical 1
by Gomberg in 1900,! scientists have been intrigued by the
chemistry of stable radicals. Stable radicals have found
application in a variety of fields? including as organic magnetic
materials,> MRI contrast agents,* and as the redox-active
component of organic radical batteries.5 One of the most well
studied classes of stable radicals are the nitroxide radicals,
which includes 2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO)
2 and the resonance-delocalized nitronyl nitroxide 3 (Figure 1).
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Figure 1

Nitronyl nitroxides and nitroxide radicals have been used for
a variety of applications, including in organic synthesis for
abstraction of hydrogen atoms and the oxidation of alcohols and
sulfides.¢ Another interesting application of the class of radicals
is their use as radical scavenging agents.” This trait has led to
many applications including scavenging of protein based
radicals,® reactive oxygen and nitrogen species in the body? and
nitric oxide.l® One of the most common uses of this
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phenomenon is in nitroxide mediated polymerization, a
common controlled radical polymerization reaction.!! These
radicals are also used for spin labeling, which involves
introducing radicals into biological systems or macromolecules
and monitoring their location and local environment using
electron paramagnetic resonance (EPR) spectroscopy, a non-
invasive and non-destructive technique. These radicals
specifically are favored due to their high stability in a variety of
solvents and over a wide pH range, as well as their ability to be
easily synthetically modified for a specific target.12 Decoration of
nanoparticles and carbonaceous nanomaterials with stable
radicals is also an area of significant interest.13

Due to the variety of applications of nitroxide and nitronyl
nitroxide radicals, having a facile method for appending these
radicals onto different materials (ie., nanoparticles, polymers,
biomolecules, etc.) is desirable.l* Herein, we report the
synthesis of an azide-substituted nitronyl nitroxide radical,
which benefits from resonance delocalization and is expected to
have enhanced stability relative to similar azide-TEMPO
radicals.’> Furthermore, as a proof of concept, we explore its
interfacial reactivity through the Staudinger-Bertozzi ligation
reaction.
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Scheme 1 Synthesis of azide-functionalized nitronyl nitroxide 5.
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The 4-(3-azidopropoxy) substituted 1,3-dihydroxy-4,4,5,5-
tetramethyl-2-phenylimidazolidine 4 was synthesized from 4-
(3-azidopropoxy)-benzaldehyde!¢ and 1,3-dihydroximidaoline!”
and fully characterized by 'H and 13C NMR spectroscopy
(Figures S1, S2), mass spectrometry and elemental analysis.!8
Lead oxide was used to oxidize the imidazolidine 4 to the azide-
functionalized nitronyl nitroxide 5 (Scheme 1). To the best of
our knowledge, 5 is the first example of an azide-functionalized
nitronyl nitroxide.

The structure of radical 5 was confirmed by mass
spectrometry, elemental analysis, electron paramagnetic
resonance (EPR) spectroscopy and single crystal X-ray
diffraction. The EPR spectrum of 5 showed an isotropic five-line
signal (Figure 2), which is expected for a nitronyl nitroxide type
radical, and matches well with the simulated spectrum (Figure
S3). This confirms the presence of a radical in our sample, as
well as proving the radical is delocalized over two identical
nitrogen atoms.

3325 3335 334.5 3355 336.5 3375 3385 3395 340.5
Magnetic Field (mT)

Figure 2 EPR spectrum of azide-substituted nitronyl nitroxide 5 (black) and
azide-substituted imino nitroxide 7 (red) in CH,Cl,. Simulation parameters for
5: line width = 0.09 mT, an; = 0.760 mT, g = 2.0075; and 7: line width = 0.066
mT, an1=0.910 mT, anz = 0.495 mT, g = 2.0472.

Single crystals suitable for X-ray diffraction studies were
grown by cooling a concentrated pentane solution of 5.1 The
solid-state structure confirms the expected connectivity (Figure
3). The C1-N1 and C1-N2 bond lengths are identical, and fall
between the expected bond lengths for a C-N single and double
bond.20 Similarly, the N1-O1 and N2-02 bonds are the same
length, and shorter than a typical N-OH bond (Table 1). This
data confirms radical formation and delocalization.

To explore the reactivity of 5 in the Staudinger-Bertozzi
ligation reaction, we reacted it with the model molecule methyl-
2-(diphenylphosphino)benzoate 6, which was synthesized
according to a published method.?! The reaction was performed
by stirring the components overnight in CHzClz (Scheme 2).
Interestingly, the major isolated product was orange rather than
the expected dark blue colour of the azide-substituted nitronyl
nitroxide radical 5. This orange solid, which was isolated in 84%
yield, was identified by mass spectrometry as imino nitroxide 7.
The transformation from nitronyl nitroxides to imino nitroxides
has been shown to be facilitated by triphenylphosphines,?2 and
results in the oxidation of triphenylphosphine to
triphenylphosphine oxide (Scheme 2).

The EPR spectrum of the orange product was also consistent
with the formation of an imino nitroxide radical, as the loss of
symmetry in the molecule results in a seven-line signal (Figure
S4), which is very different from the five line signal observed for
nitronyl nitroxides (Figure 2). This experiment demonstrates
that the reaction of nitronyl nitroxide 5 with the methyl-2-
(diphenylphosphino)benzoate 6 results mainly in the formation
of imino nitroxide 7 in high yields.

. i

0N N\Oe OCH3
HOOC lllath
0
+
o)
_— >
N CH,Cl, ‘o-N N
3 16 h, RT
5
+
o)
o)
OCH,
N3
HOOC PPh, ;
6 84%

Scheme 2. Reaction resulting in the formation of imino nitroxide 7.

Interestingly, nitronyl nitroxide 5 showed different reactivity
at the interface of gold nanoparticles. The azide-functionalized
radical (ca. 200 equivalents) was reacted with nanoparticles
displaying interfacial methyl-2-(diphenylphosphino)benzoate
moieties (Staudinger-AuNP), which have been shown to react
well with azide (bio)molecular systems.23 The Staudinger-AuNP
contain 0.432 pmol of methyl-2-(diphenylphosphino)benzoate
moieties per milligram of nanoparticles. These AuNPs have an
average nanoparticle raw formula of Auisoo(MeO-EGs-
S)s00(PhsP-EGa4-S)200(Ph3P=0-EGs-S)20, assuming that the AuNP
are spherical and perfectly monodispersed in size (EG =
-CH2CH20-).23

Figure 3 Solid-state structure of 5. Anisotropic displacement ellipsoids are
shown at 50% probability and hydrogen atoms have been omitted for clarity.

Table 1 Selected bond lengths (A) and angles (deg.) for nitronyl nitroxide 5.

5
01-N1, 02-N2 1.279(4), 1.281(4)
N1-C1, N2-C1 1.358(5), 1.351(5)
01-N1-C1, 02-N2-C1 127.5(3), 126.1(3)
€2-N1-C1, C3-N2-C1 111.9(3), 111.8(3)
N1-C1-C8, N2-C1-C8 125.7(3), 126.4(4)
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The reaction between the Staudinger-AuNP and azide-
substituted nitronyl nitroxide radical 5 was carried out by
stirring in CH2Clz for 48 h. Subsequently, the excess radical was
removed by settling the nanoparticles through centrifugation
(6000 rpm, 10 min) and removing the mother liquor, using
CHzClz:hexanes 1:6 as the solvent. The particles, due to the
presence of the interfacial stable organic radical, lost their
solubility in polar organic solvents. The remaining traces of 5
were removed by making a film of AuNP inside a round bottom
flask and the rinsing it with hexanes followed by 95% ethanol.
The cleaning procedure was monitored by IR spectroscopy, by
following the disappearance of the azide peak at 2100 cm™!
(Figure S5).

The purified radical-functionalized AuNP were first studied
by transmission electron microscopy (TEM) in order to verify
that the reaction with the radicals had not changed the size or
shape of the nanoparticles. The TEM images of the starting
material, before reaction with the radical, showed that
Staudinger-AuNP (3.63 + 1.4 nm) self-assemble into islands.
After the Staudinger-Bertozzi ligation with the azide-substituted
nitronyl nitroxide radical, TEM images showed that the AuNPs
retain the same size (3.09 + 0.78 nm) and shape (Figure 4). The
same images also showed that the nanoparticles were well
dispersed after the interfacial reaction. The tendency of the
Staudinger-AuNP to form self-assemblies that disassemble upon
reaction with azides is consistent with a previous report.23

Figure 4 TEM images of a) Staudinger-Bertozzi ligation particles and b)
radical-substituted gold nanoparticles. Scale bars = 100 nm.

The EPR spectrum of the radical-functionalized AuNP
showed a very similar pattern to that of the unreacted radical 5,
a slightly anisotropic five-line signal (Figure 5), and is consistent
with the simulated spectrum (Figure S6). The anisotropy is
likely derived from the fact that the radicals are unable to
tumble freely in solution when appended to the nanoparticle.
This result verified that the nitronyl nitroxide radical remains
intact throughout the interfacial reaction with the nanoparticles,
and covalently attached imino nitroxide radicals are not present.
This difference in reactivity from solution is likely due to the
difference in steric hinderence between the molecular system
and the
(diphenylphosphino)benzoate moieties appended to the

nanoparticles. The methyl-2-
nanoparticles are much more sterically hindered, and thus
approach by the linear azide may be favored.

EPR spectroscopy was used to estimate the number of
radicals present on the nanoparticles. By comparing the
intensity of the EPR signal of the AuNP-radical sample, with the
intensity of a standard (TEMPO) solution, the number of spins
was estimated to be approximately 7.5 x 1015 per milligram of

sample (see supporting information for full details), which
corresponds to 1.25 x 1072 pumol of radical per milligram of
sample.

The radical-functionalized AuNP were also characterized
through X-ray photoelectron spectroscopy (XPS) and compared
to that of the starting material Staudinger-AuNP (Figures S7).23
The high resolution scans of the C 1s and of the P 2p corelines
provide evidence of successful interfacial reactivity and allowed
for an estimate of the amount of radical introduced onto the
nanoparticle’s surfaces. The C 1s peak after interfacial
Staudinger-Bertozzi ligation showed a significant decrease in
the component at 289.30 eV related to the carbonyl of the
methyl ester functionality and a marked increase of the
component at 288.00 eV due to the newly formed amide bonds
due to the newly formed amide bonds between the methyl-2-
(diphenylphosphino)benzoate and the azide-substituted
nitronyl nitroxide radical. The P 2p coreline showed a marked
increase in the triphenylphosphine oxide component. From the
integration of the active triphenylphosphine component at
131.65 eV and the triphenylphosphine oxide component at
132.55 eV we calculated formation of 31% oxidized
triphenylphosphine, taking into consideration that there is 10%
phosphine oxide in the starting AuNP. Assuming every moiety
results from the interfacial Staudinger-Bertozzi ligation with the
radical, this percentage would correspond to approximately
0.133 pmol of radical per milligram of nanoparticles. This
number is different than the value calculated by EPR. The
additional phosphine oxide arises due to the competing
reactivity of the nitronyl nitroxide radical 5 with the Staudinger
AuNP, to yield imino nitroxide 7 in solution, which is removed
via the washes. This explains the excess phosphine oxide
observed through XPS. However, EPR spectroscopy confirmed
unambiguously that the ligated radical is a nitronyl nitroxide.

333 334 335 336 337 338 339 340 341
Magnetic Field (mT)

Figure 5 EPR spectra of radical-functionalized AuNPs (blue) and azide-
functionalized nitronyl nitroxide 5 (black) in CH,Cl,. Simulation parameters
for radical-functionalized AuNPs: line width = 0.16 mT, ay; = 0.770 mT, g =
2.0068.

An important control experiment to verify the correct
interfacial reactivity between Staudinger-AuNP and radical 5
and the absence of unspecific binding was also performed. For
this experiment radical 5 was allowed to stir for 48 h in CH2Clz
with triethylene glycol-monomethyl ether AuNP starting
material (TEG-AuNP) that does not possess the interfacial
methyl-2-(diphenylphosphino)benzoate moieties. Because of
the absence of unspecific interaction between the radicals and
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the nanoparticles, the solubility properties of the TEG-AuNP did
not change and therefore it was necessary to adopt a different
cleaning procedure. The excess radical was removed by forming
a AuNP film inside a round bottom flask from CH:Clz, and
washing with hexanes. Remaining traces of radical were
removed by dissolving the TEG-AuNP in water and by filtering
the insoluble radical through glass-wool. The successful removal
of the azide-functionalized nitronyl nitroxide radical was
monitored by IR spectroscopy as before (Figure S8). The EPR
spectrum of the control experiment carried out using these
nanoparticles (Figure S9) showed, as expected, no signal, and
thus we can conclude that the azide-functionalized radical is
reacting selectively with the triphenylphosphine moiety through
the Staudinger-Bertozzi ligation, that there are no radicals
bound to AuNP through any other bonding modes.

In conclusion, we have demonstrated the straightforward
synthesis of the first azide-substituted nitronyl nitroxide radical.
The reactivity of this radical was investigated towards modified
triphenylphosphines for the Staudinger-Bertozzi ligation. The
reactivity of the radical differed between the nanoparticle
system (AuNP) and a small molecule model system. While in the
model system, formation of an imino nitroxide was observed as
the major product, we were able to observe the expected
ligation product between the azide-functionalized nitronyl
nitroxide and Staudinger-Bertozzi AuNP. The combination of
EPR spectroscopy and XPS allowed us to demonstrate successful
interfacial reactivity, and to estimate the number of nitronyl
nitroxide radicals present in the nanoparticle sample.
Furthermore, we believe that the approach described here can
be easily transposed to other nanomaterials with potential
application, for example, as solid-supported catalysts,
contrasting agents, and spin-labels.
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Experimental - General considerations

Solvents were obtained from Caledon Laboratories, dried using an Innovative Technologies
Inc. solvent purification system, collected under vacuum, and stored under a nitrogen atmosphere
over 4 A molecular sieves. 4-(3-azidopropoxy)-benzaldehyde,' 1,3-dihydroximidaoline,?
Staudinger-AuNP,®> TEG-AuNP® and methyl-2-(diphenylphosphino)benzoate 6* were prepared
according to literature procedures. All other reagents were purchased from Sigma-Aldrich or
Alfa Aesar and used as received. NMR Spectra were recorded on a 600 MHz (*H: 599.5 MHz,
13C: 150.8 MHz) Varian INOVA instrument. *H NMR spectra were referenced to residual CHCl3
(7.27 ppm) and **C NMR spectra were referenced to CDCl; (77.0 ppm). Mass spectrometry data
were recorded in positive-ion mode using a high resolution Finnigan MAT 8200 spectrometer
using electron impact ionization. UV-vis spectra were recorded using a Cary 300 Scan
instrument. Four different concentrations were run for each sample and molar extinction
coefficients were determined from the slope of a plot of absorbance against concentration.
Infrared spectra were recorded on a KBr disk using a Bruker Vector 33 FT-IR spectrometer.
Elemental analyses (C, H, N) were carried out by Laboratoire d’Analyse Elémentaire de
I’Université de Montréal, Montréal, QC, Canada.

Transmission electron microscopy (TEM) images were recorded from a TEM Philips
CM10 microscope. The TEM grids (Formvar carbon film on 400 mesh copper grids) were
purchased from Electron Microscopy Sciences and samples were prepared by dropcasting a drop
of nanoparticle solution directly onto the grid surface. The drop was then carefully removed after
30 s with a soft tissue. XPS analyses were carried out with a Kratos Axis Ultra spectrometer
using a monochromatic Al K(alpha) source (15 mA, 14 kV). The instrument work function was

calibrated to give a binding energy (BE) of 83.96 eV for the Au 4f7/2 line for metallic gold and
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the spectrometer dispersion was adjusted to give a BE of 932.62 eV for the Cu 2p3/2 line of
metallic copper. Specimens were mounted on a double sided adhesive tape and the Kratos charge
neutralizer system was used on all specimens. Survey scan analyses were carried out with an
analysis area of 300 x 700 microns and a pass energy of 160 eV. High resolution analyses were
carried out with an analysis area of 300 x 700 um and a pass energy of 20 eV. Spectra have been
charge corrected to the main line of the carbon 1s spectrum set to 285.0 eV for aliphatic carbon
(when needed). Spectra were analyzed using CasaXPS software (version 2.3.14).

Electron Paramagnetic Resonance (EPR) Spectroscopy

EPR measurements were made on ca. 10° M CH,Cl, solutions of nitronyl nitroxide 5,
functionalized and native Staudinger-AuNP and imino nitroxide 7 that had been subjected to
three freeze-pump-thaw cycles in 0.4 mm quartz tubes using a JEOL JES-FA200 EPR. All
measurements were made at 20 °C and g factors were referenced relative to a built-in manganese
oxide marker within the resonance cavity of the instrument.

Quantification was done by comparing an EPR spectrum collected for a TEMPO solution
of known concentration in toluene that was compared as outlined above. The integration of the
TEMPO signal with respect to the manganese oxide marker was compared to that of the radical-
functionalized Staudinger-AuNP sample. By assuming one molecule of TEMPO contributes one
unpaired electron, the number of unpaired electrons present in the radical-functionalized
Staudinger-AuNP sample could be determined.

X-ray Crystallography Details
A single crystal of nitronyl nitroxide 5 was mounted on a Mitegen polyimide micromount with a
small amount of Paratone N oil. X-ray measurements were made on a Nonius diffractometer at a

temperature of 150 K. The data collection strategy included a number of ® and ¢ scans which
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collected data over a range of angles, 20. The frame integration was performed using SAINT.”
The resulting raw data was scaled and absorption corrected using a multi-scan averaging of
symmetry equivalent data using TWINABS.®

The structures were solved by direct methods using the SIR 2011 program.” All non-
hydrogen atoms were obtained from the initial solution. The hydrogen atoms were introduced at
idealized positions and were allowed to ride on the parent atom. Twinning was present in the

crystal and the twin domains were related by a 180° rotation about [100]. The twin law used was:

o
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|
= o

and the twin fraction parameter refined to a value of 0.30670(172). The structural model was fit
to the data using full matrix least-squares based on F2. The calculated structure factors included
corrections for anomalous dispersion from the usual tabulation. The structure was refined using

the SHELXL-2014 program from SHELXTL.® See Table S1 for additional crystallographic data.
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Table S1. X-ray diffraction data collection and refinement details for 5.

5
Chemical Formula  CyH22N503
FW (g/mol) 332.38
Crystal Habit blue plate
Crystal System monoclinic
Space Group P 2i/c
T (K) 150
A (A) 0.71073
a(A) 13.463(3)
b (A) 10.4821(18)
c (A) 13.6217(17)
a (deg) 90
B (deg) 118.323(9)
Y (deg) 90
V (A3 1692.2(5)
Z 4
p (g/cm®) 1.305
w(em™) 0.093

Ry, WR2" [1>26(1)] 0.0641, 0.1421

R1, WR; (all data) 0.1112, 0.1628

GOF° 1.021
Ry = Z(|Fo| = [Fel) / Z Fo, "WR; = [12( w( Fo* - Fc2)2 ) Z(w F04) ]1/2’ * GOF = [ J(w( Fo’ - FCZ)Z) /
(No. of reflns. - No. of params.) ]*

Experimental Procedures

Synthesis of 4-(3-azidopropoxy)-substituted 1,3-dihydroxy-4,4,5,5,-tetramethyl-2-phenyl-
imidazolidine 4

1,3-dihydroximidazolidine (0.47 g, 3.2 mmol) and 4-(3-azidopropoxy)-benzaldehyde (0.65 g, 3.2
mmol) were dissolved in 15 mL methanol and left to stir for 48 h. The product was filtered off as
a white powder. Yield = 0.85 g, 80%. Mp = 139-140 °C. *H NMR (599.5 MHz, CDCls) § 7.37
(d, *Jun = 8 Hz, 2H, aryl CH), 6.88 (d, *Juw = 8 Hz, 2H, aryl CH), 5.36 (s, 2H, OH), 4.64 (s, 1H,
CH), 4.06 (t, 3Jun =5 Hz, 2H, CH,), 3.52 (t, *Jun = 6 Hz, 2H, CHj,), 2.06-2.04 (m, 2H, CH,),

1.06 (s, 6H, CH3), 1.01 (s, 6H, CH3). *C{*H} NMR (100.6 MHz, CDCls): § 158.9, 132.8, 130.0,
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114.5, 90.3, 67.1, 64.7, 48.4, 29.0, 24.3, 17.1. FT-IR (KBr): 3203 (br, s), 2976 (s), 2903 (s), 2875
(m), 2101 (s), 1610 (m), 1511 (m), 1448 (m), 1308 (s), 1241 (s) cm™ . UV-vis (CH2CLL): Amax =
292 nm (g = 8,600 Mt cm™), 227 nm (g = 9,100 M~* cm™). Mass Spec. (El, +ve mode): exact
mass calculated for [CieH25Ns05]": 335.1957; exact mass found: 335.1949; difference: —2.54
ppm. Anal. Calcd. (%) for C16H25Ns03: C, 57.30; H, 7.51; N, 20.88. Found: C, 57.52; H, 7.62; N,
20.70.

Synthesis of radical-functionalized Staudinger AuUNP

Staudinger-AuNP (0.143 g) and azide-substituted nitronyl nitroxide 5 (4.095 g, 12.32 mmol)
were dissolved in CH,Cl, (25 mL). The mixture was stirred at room temperature for 48 h.
Subsequently, the excess azide radical was removed by centrifugation (6000 rpm, 10 min), where
the particles were allowed to settle and then could be removed using CH,Cl,:hexanes 1:6 as
solvent. The last remaining traces of radical were removed by making a film of AuNP from
CH,CI; inside a round bottom flask and rinsing it with hexanes followed by 95% ethanol. The
cleaning procedure was monitored by IR spectroscopy, by following the disappearance of the
azide peak at 2100 cm™.

Control Experiment

TEG-AUNP (0.037 g) and azide-substituted nitronyl nitroxide 5 (0.037 g, 0.110 mmol) were
dissolved in 20 mL CH,Cl,. The mixture was stirred at room temperature for 48 h. Subsequently,
the excess radical was removed by making a film of AuNP from CH,Cl, inside a round bottom
flask and rinsing with hexanes. Remaining traces of radical were removed by dissolving the
TEG-AuUNP in water and by filtering the insoluble radical through glass wool. The cleaning
procedure was monitored by IR spectroscopy, by following the disappearance of the azide peak

at ca. 2100 cm ™%,
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Model Reaction — Synthesis of Imino Nitroxide 7

Methyl-2-(diphenylphosphino)benzoate 6 (0.500 g, 1.37 mmol) and azide-functionalized
nitronyl nitroxide 5 (0.501 g, 1.51 mmol) were dissolved in 30 mL CH,Cl, and stirred at 20 °C
for 18 h. The solvent was removed in vacuo and the resulting red solid was purified by column
chromatography (1:1 EtOAc:hexanes, silica) to yield imino nitroxide 7 as a microcrystalline
orange solid. Yield = 0.400 g, 84%. Mp = 32-34 °C. FT-IR (KBr): 2975 (m), 2923 (m), 2869
(W), 2095 (s), 1607 (s), 1504 (s), 1468 (m), 1367 (m), 1302 (m), 1248 (s), 1176 (s) cm™*. UV-vis
(CHCl,): Amax= 461 nm (¢ = 700 Mt cm™), 252 nm (g = 25,500 M~* cm™). Mass Spec. (El, +ve
mode): exact mass calculated for [CigH2N50,-H]™: 317.1852; exact mass found: 317.1845;
difference: —2.24 ppm. Anal. Calcd. (%) for C16H22NsO,: C, 60.74; H, 7.01; N, 22.14. Found: C,

60.24; H, 7.08; N, 19.98.
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Figure S1. 'H NMR spectrum of 4 in CDCls. The asterisks denote residual solvent/grease
signals.
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Figure S2. *C{*H} NMR spectrum of 4 in CDCls. The asterisk denotes solvent signal.

S8



A
e

332 334 336 338 340
Magnetic Field (mT)

Figure S3. EPR spectrum (red) and simulated EPR spectrum (black) of azide substituted nitronyl
nitroxide 5. Parameters used for simulation: line width = 0.09 mT, an; = 0.760 mT, and g =
2.0075.
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Figure S4. EPR spectrum (red) and simulated EPR spectrum (black) of imino nitroxide 7.

Parameters used for simulation: line width = 0.066 mT, ay; = 0.910 mT, an, = 0.495 mT, and g =
2.0472.
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Figure S5. IR spectrum of radical functionalized AuNP after washing procedure recorded as a
film on KBr disk.
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Figure S6. EPR spectrum (red) and simulated EPR spectrum (black) of radical functionalized
AUNP. Parameters used for simulation: line width = 0.16 mT, ay; = 0.770 mT, and g = 2.0068.
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Figure S7. XPS characterization of radical-functionalized Staudinger-AuNP.
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Figure S8. IR spectrum of control Staudinger-AuNP after washing procedure recorded as a film
on KBr disk.
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Figure S9. EPR spectrum of radical-functionalized Staudinger-AuNP (black) and control

Staudinger-AuNP (red) after washing procedure in CH,Cl,. Both samples are at the same
concentration (3.3 mg mL™%).
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