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S1. Pt-NP and Pt-NP@rGO characterization

Table S1. Platinum nanoparticles (Pt-NPs) obtained in different tunable aryl alkyl ionic liquids (TAAILs)
with the corresponding wt% Pt and wt% of reduced graphite oxide (rGO). For comparison, Pt-NPs in
[BMIm][NTf,] (M4) were synthesized.

Sample name IL/TAAIL wt% Pt wt% rGO° Crystallite Particle
X/Y = wt% Pt/rGO (X/-) (-/Y) size® [nm] size® [nm]
M4-1 [MIMC4][NTf] 1 - 2+1 1
M4_rGO-1/1 (IBMIm][NTf,]) 1 1 2 2+1

with M = methyl group

MP4-1 [PhamelmCa][NTF] 1 - 5 5+
MP4_rGO-1/1 with Phy.ye = ortho- 1 1 3 3+
MP5-1 methylphenyl group 1 - 4 4+
MP5_rGO-2/1 2 1 2 2+1
MP9-1 1 - 4 4+
MP9-2 2 - 3 2+
MP9_rGO-1/0.5 1 0.5 3 3+
MP11_rGO-1/1 1 1 5 5+1
DMP5_rGO-1/1 [Ph2,amelmCn][NTF] 1 1 4 5+1
DMP9-1 with Phyame = 2,4- 1 - 4 3+1
DMP9_rGO-1/1 dimethylphenyl group 1 1 5 6+1
DMP11_rGO-1/1 1 1 3 3+1
MOP5-1 [Pha.omelmCs][NTF] 1 - 3 2
MOP5_rGO-1/1 with Phs.owve = para- 1 1 6 5+1
MOP9_rGO-1/1 methoxyphenyl group 1 1 8 10 +
MOP11-1 1 - 11+1 10+2
MOP11_rGO-1/0.5 1 0.5 9+1 3+1

@ wt% in TAAIL dispersion. ? Crystallite size obtained from powder X-ray diffraction (PXRD) using
Scherrer equation. ¢ Average particle size from transmission electron microscopy (TEM)
measurements. At least 200 particles were used for size determination. See Materials and Methods in
the main document for more information. ¢ Note that a significant amount of strain on the lattice
structure of the Pt particles or anisotropic defects can also be responsible for peak broadening in the
powder diffraction patterns.
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Figure S1. Crystallite sizes of Pt-NPs calculated via the Scherrer equation (Equation 1 in main text).

The synthesis and characterization of rGO can be found in the previous study of Schmitz et al. [1].

Table S2. CHNS elemental analysis of rGO and two Pt-NP@rGO samples.

C [wt%] H [wt%] N [wt%] S [wt%] IL-content
[wt%]
rGO 82.11 0.49 0.42 0.69 -
MP4_rGO-1/1 41.72 1.10 1.49 1.60 5
MP5_rGO-2/1 38.45 1.25 1.52 2.12 8
MP9_rG01/0.5 39.91 1.22 1.08 1.40 6
MOP5_rGO-1/1 48.62 1.51 2.02 2.62 10
MOP9_rGO-1/1 44.05 1.18 0.75 1.11 4

The sulfur impurity in rGO can be traced back to the oxidation of graphite with NaNOs, KMnQ,, and
H,S0O,4. The increase in sulfur in Pt-NP@rGO composites is then due to the remaining traces of TAAIL
with the sulfur-containing NTf, anion.

From the additional sulfur wt% to the carbon wt% in the composite samples, the IL content can be
estimated. An IL content of 4 wt% to 9 wt% for the samples could be calculated.
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Table S3. Stability of Pt-NPs after long-term storage.?

Sample name TAAIL Crystallite size [nm]  Time after synthesis
MP4-1 [Pha-melmCa][NTF] 5 1d
4 15a
MP4_rGO-1/1 [Pha-melmCa][NTH;] 3 1d
3 0.5a
MP5-1 [Pha-melmCs][NTf;] 4 1d
4 15a
MP9-2 [Ph2-melmCo] [NTHf,] 3 1d
3 15a
MP9_rGO-1/0.5 [Ph2-melmCo][NTH;] 3 1d
4 la
MP11_rGO-1/1 [Pha-melmCag][NTH,] 5 1d
4 la
DMP5_rGO-1/1 [Ph2,4-melmCs][NTF,] 4 1d
4 la
DMP9-1 [Ph2,4-melmCo] [NTF,] 5 1d
511 0.5a
DMP9_rGO-1/1 [Ph2,4-melmCo] [NTF,] 4 1d
4 1la
MOP9_rGO-1/1 [PhaomelmCo][NTHf;] 8 1d
8 0.5a

9Stored as dried material under air at room temperature.

S2. Powder X-ray diffractograms (PXRDs)
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Figure S2. PXRD patterns of Pt-NPs obtained in [BMIM][NTf,] (M4) with 1 wt% Pt (black) and 1 wt%
Pt/rGO (red).
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Figure S3. PXRD patterns of Pt-NPs obtained in [Phy.melmCa][NTF,] (MP4) with 1 wt% Pt (black), 1 wt%
Pt of a 1.5-year-old sample (red), 1 wt% Pt/rGO each (blue), 1 wt% Pt/rGO each of a 0.5-year-old
sample (pink), and in Pha.melmCs][NTf,] (MP5) with 1 wt% Pt (green), 1 wt% Pt of a 1.5-year-old sample
(dark blue) and 2 wt% Pt/1 wt% rGO (violet).
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Figure S4. PXRD patterns of Pt-NP obtained in [Pha.melmCo][NTf,] (MP9) with 1 wt% Pt (black), 2 wt%
Pt of a 1.5-year-old sample (red), 2 wt% Pt (blue), 1 wt% Pt/0.5 wt% rGO (pink), 1 wt% Pt/0.5 wt% rGO
of a 1-yea- old sample (green), and in [Pha.melmCi1][NTF,] (MP11) with 1 wt% Pt/rGO each (dark blue)
and 1 wt% Pt/rGO each of a 1-year-old sample (violet).
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Figure S5. PXRD patterns of Pt-NP obtained in [Ph4.melmCs][NTf,] (DMP5) with 1 wt% Pt/rGO each
(black), 1 wt% Pt/rGO each of a 1-year-old sample (red), in [Ph2,4.melmCs][NTf,] (DMP9) with 1 wt% Pt
(blue), 1 wt% Pt of a 0.5-year-old sample (blue), 1 wt% Pt/rGO each (green), 1 wt% Pt/rGO each of a 1-
year-old sample (dark blue), and in [Ph3,4.melmCi1][NTf,] (DMP11) with 1 wt% Pt/rGO each (violet).
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Figure S6. PXRD patterns of Pt-NP obtained in [Pha.omelMmCs][NTf;] (MOP5) with 1 wt% Pt (black), 1 wt%
Pt/rGO (red), in [Pha.omelmCo][NTf2] (MOP9) with 1 wt% Pt/rGO each (blue), 1 wt% Pt/rGO each of a
0.5-year-old sample (pink) and in [Phs.omelmCy1][NTf,] (MOP11) with 1 wt% Pt (green) and 1 wt% Pt/0.5
wt% rGO (dark blue).
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$3. Transmission electron microscopy (TEM) images of Pt-NP and Pt-NP@rGO samples
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Figure S8. Sample M4_rGO-1/1 obtained in [BMIM][NTf,] (M4) with 1 wt% Pt/ rGO each (images with
JEOL-2100 Plus).
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Figure S9. Sample MP4-1 obtained in [Pha.melmC4s][NTf,] (MP4) with 1 wt% Pt (images with Zeiss
LEO912).
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Flgure S10. Sample MP4_| rGO 1/1 NP obtamed in [Pha.melmC4][NTf,] (MP4) with 1 wt% Pt/rGO each
(images with Zeiss LEO912).
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Flgure S$11. Sample MP5 1 obtained in [Phyme!mCs][NTf,] (MP5) with 1 wt% Pt (images with Zeiss
LEO912).
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Flgure 512 Sample MP5 rGO-2/1 obtained in [PhymelmCs][NTf,] (MP5) with 2 wt% Pt/ 1 wt% rGO
(images with Zeiss LE0912).
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Figure S13. Sample MP9-1 obtained in [Pha.meImCo][NTf,] (MP9) with 1 wt% Pt (images with Zeiss
LEO912).
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Figure S14. Sample MP9-2
LEO912).
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Figure 55. Sample MP9_rG-
(images with Zeiss LE0912).
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Figure $16. Sample MP11_rGO-1/1 obtained in [Pha.melmCi1][NTf,] (MP11) with 1 wt% Pt/ rGO each
(images with Zeiss LEO912).
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Figure S17. Sample DMP5_rGO-1/1 obtaine
(images with JEOL-2100 Plus).
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Figure $18. Sample DMP9 1 obtained in [Ph;,4 MeImC9][NTf2] (DMP9) with 1 wt% Pt (images with Zeiss

LEO912).
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Figure 519 Sample DMP9 rGO 1/1 obtalned in [Ph24 MeIng,][Nsz] (DMP9) with 1 wt% Pt/ rGO each
(images with Zeiss LE0912).
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Flgure S20. Sample DMP11_rGO- 1/1 obtalned in [Ph2‘4 MeIan][Nsz] (DMP11) with 1 wt% Pt/ rGO
each (images with JEOL-2100 Plus).
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Figure S21. Sample MOP5-1 obtained in [Phas.omelMmCs][NTf;] (MOP5) with 1 wt% Pt (images with Zeiss
LEO912).
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Figure S23. Sample MOP9_rGO0-1/1 obtained .- [Phs-omelMCo][NTF,] (MOP9) with 1 wt% Pt/ rGO each

(images with Zeiss LE0912).
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Figure S24. Sample MOP11-1 obtained in [Phs.omelmCi1][NTf,] (MOP11) with 1 wt% Pt (images with
Zeiss LEO912).
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Figure S25. Sample MOP11_rGO-1/0.5 obtained in [Phs.omelmCy1][NTf,] (MOP11) with 1 wt% Pt/
0.5 wt% rGO (images with Zeiss LE0912).
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Figure S26. A 1.5-year-old sample MP9-2 obtained in [Pha.melmCs][NTf;] (MP9) with 2 wt% Pt (images
with Zeiss LEQ912).
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Figure S27. A 1-year-old sample MP9_rGO-1/0.5 obtained in [Pha.melmCo][NTf;] (MP9) with 1 wt% Pt/
0.5 wt% rGO (images with Zeiss LE0912).
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S4. TGA measurements of selected Pt@rGO samples

—— MP4_rGO-1/1
1001 —— MP5_rGO-2/1
—— MP9_rGO-1/0.5
—— DMP9_rGO-1/1
MOP5_rGO-1/1
T 80- MOP9_rGO-1/1
)]
w
©
=
60 -
40

100 200 300 400 500 600 700 800 900 1000
Temperature [°C]

Figure S28. Thermogravimetric analysis (TGA) of the samples MP4_rGO-1/1 (residual mass, RM = 41
wt%), MP5_rGO-2/1 (RM = 45 wt%), MP9_rGO-1/0.5 (RM = 54 wt%), DMP9_rGO-1/1 (RM = 47 wt%),
MOP5_rGO-1/1 (RM = 50 wt%) and MOP9_rGO-1/1 (RM = 51 wt%) from 30 °C to 1000 °C in
synthetic air. An artifact of the TGA device, occurring when the mass of the measured sample is low,
caused the increase of mass between 30 °C to 300 °C and will diminish at higher temperatures. This
could not be prevented in cases where only a small amount of sample was available for the
measurement.

Table S4. Estimate of rGO content.

Sample residual mass, | 100 — residual 100 — residual mass — IL
RM =Pt wt%? | mass, wt% ® wt% = rGO estimate, wt% ©

MP4_rGO-1/1 41 59 54

MP5_rGO-2/1 45 55 47

MP9_rGO-1/0.5 54 46 40

DMP9_rGO-1/1 47 53 44-49 ¢

MOP5_rGO-1/1 50 50 40

MOP9_rGO-1/1 51 49 45

2 From TGA in Figure S28. P The difference to the residual mass (100 minus residual mass) is the sum
of rGO and remaining IL in the sample. € From the CHNS analysis in Table S2, an IL amount of each
sample was estimated. This IL wt% value was deducted from the value in the neighboring left column
to estimate the wt% of rGO. ¢ For this sample, no CHNS analysis was available; hence, the IL content
was estimated between 4 and 9 percent, as was the range for most of the samples (cf. Table S2).
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S5. Electrocatalytic investigations of Pt@rGO samples

General practice: Linear sweep voltammetry (LSV) with saturated O, atmosphere is sufficient to study
the activity of the catalytic samples, while cyclovoltammetry (CV) with saturated O, atmosphere can
be used to access the stability of the catalyst [2] but is not mandatory and was not used to determine
the mass activity or the electrochemically active surface area of the samples mentioned in this study.
See Refs. [3] and [4], which address only catalytic activity with LSV polarization curves.

The Tafel plots for all samples at 1600 rpm are included in Figure S29 in the S, and the slopes indicate
a four-electron pathway similar to the commercial platinum (Pt/C 60%). Nevertheless, the applicability
of the Tafel analysis intrinsically involves questionable accuracy as most are coverage and potential-
dependent. The ORR mechanism is complicated, and it is hard to calculate the number of electron
transfers directly from the Tafel slope even if they are derived from the Butler—Volmer equation.
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Figure S29. Corresponding Tafel plots of the Pt-NP@rGO samples derived from Figure 4b (w =
1600 rpm).

Koutecky—Levich plots were calculated based on the following K-L equation:

./—1=./k_1+./d_1 (1)

Jg = 0.62nFD*Pw'?v/o¢q (2)
where J, J4, and Jx are the measured current density, diffusion-limited current density, and kinetic
current density, respectively. w denotes the rotation speed given by rad s™. n represents the electron
transfer number, and F is the Faraday constant (96 485 C mol™). ¢o is the analyte concentration (The
solubility of O, in 0.1 M HCIO4 is 1.26:107® mol/cm?). D is the diffusion coefficient, for 0, in 0.1 M
HCIO4 it is 1.93-10™° cm?/s, and v is the kinematic viscosity of the electrolyte (0.1 M HCIO4 1.01-1072
cm?/s. Rotation speeds of electrodes vary from 225, 400, 625, 900, 1225, and 1600 rpm. Koutecky-
Levich plots are obtained based on J™* vs. w™/? at various applied potentials. The corresponding n
values shown in Figure S31 below indicate a dominant four-electron pathway toward the ORR
process.
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Figure S30. Oxygen reduction reaction (ORR) polarization curve (linear sweep voltammetry (LSV)) of
the sample MP4_rGO-1/1 at different rotation speeds (225 for black, 400 for red, 625 for blue, 900
for green, 1225 for violet, 1600 for yellow graph) in O, saturated atmosphere at 10 mV s sweep
rate.
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Figure S31. Koutecky—Levich plot calculated from Figure S30 at 0.3 V, 0.4V, and 0.5 V vs. RHE. The
number of transferred electrons (n) is provided in the graph legend.
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