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1. Particle size and morphology

Figure S1: Annotated TEM images (left panel) of particles prepared in lean (A, φ = 0.50), stoichiometric (B, φ = 1.00), and

rich (C, φ = 1.67) flames. Particles size histograms (right panel) and the volume averaged particle size, d̄V , are from manual

measurements of approximately 70 spherical primary particles on each TEM image; standard deviation, SD = 2.0 nm (A), 2.0

nm (B), 2.2 nm (C).
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(a) Temperature profiles (b) Temperature-time profiles

Figure S2: Simulated particle temperature and residence time profiles in undoped lean (φ = 0.50), stoichiometric (φ = 1.00),

and rich (φ = 1.67) flames. Particles are assumed to be formed at T ≈ 500 K (tres = 0). The residence time is calculated

from convective and thermophoretic velocity experienced by particles. The profiles demonstrate that the particle residence

time decreases as the flame temperature increases. This is expected as higher temperature leads to more gas expansion and

subsequently higher convective velocity. This compensating effect explains the close particle sizes observed in Fig. S1
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Figure S3: HRTEM images showing primary particles with possibly multiple crystal domains (not indexed) prepared in flames

with equivalence ratio, φ, of 1.67 (a, b) and 1.00 (c, d).
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2. FFT analysis of HRTEM images
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Figure S4: HRTEM images (left) and the corresponding annotated FFT spectra (right). The summary of FFT analysis is given

in Table S2.
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Table S1: Lattice spacing, d, and the interplanar angles (relative to the first plane), α, obtained from FFT analysis of HRTEM

images shown in Fig. S4. The reference data are taken from ICSD catalogue (see text for details on catalogue number for each

phase).

Image
Measured (FFT) Reference (ICSD)

d, Å Relative α, ◦ Lattice plane d, Å Relative α, ◦

S4(a) 3.67 0 A (0 1 1̄) 3.50 0

3.56 44.5 A (0 1 1) 3.50 43.6

4.82 113.6 A (0 0 2) 4.72 111.8

S4(b) 6.32 0 B (0 0 1) 6.24 0

3.15 0.4 B (0 0 2) 3.12 0

S4(c) 3.38 0 R (1 1 0) 3.25 0

2.35 43.5 R (2 0 0) 2.30 45

3.34 92.4 R (1 1̄ 0) 3.25 90

S4(d) 2.86 0 II (1 1 1̄) 2.85 0

5.63 60.5 II (0 1 0) 5.50 58.8

2.87 117.9 II (1̄ 1 1) 2.85 117.7
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3. XPS C 1s fitting

(a) φ = 0.50 (b) φ = 1.00 (c) φ = 1.67

Figure S5: C 1s XPS spectra and fitted peaks of samples prepared in lean, stoichiometric, and rich flames.

Table S2: C-1s binding energies from XPS spectra deconvolution for internal calibration (C–C binding energy set at 284.8 eV).

The spectra are fitted with constraints of 1) equal FWHM, and 2) 100% Gaussian shape for C–O–C and O–C=O peaks.

φ
Binding energy, eV

χ2

C–C C–O–C O–C=O

0.50 284.8 286.1 - 3.65

1.00 284.8 286.1 287.8 5.29

1.67 284.8 286.3 288.2 4.81
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