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S1. Al Solid-state NMR analysis

27Al Solid-state NMR spectra of AIN raw materials are shown in Figure S1, which evidences that
most of residual oxygen is lattice oxygen dissolved in AIN crystals with tetrahedral symmetry.
Commercial AIN powder (E-grade, Tokuyama inc., Japan) was used as a reference. In the NMR spectra
of our materials (Figure S1), main peaks at 120 ppm due to AIN, tetrahedra are observed, and shoulders
at ~110 ppm are also found, corresponding to 4-coordinated AI(AIN3O tetrahedra). As CRN reaction
time increases from 2h to 6h for our AIN materials, peak intensity at ~110 ppm, which corresponds to
AIN3O defect, decreases as shown in Figure S1(a).[1,2] Around 10 ppm, no discernible peaks due to 6-
coordinated Al defect (AlOs) were found for our AIN materials (2-6h) as shown in Figure S1(a). The
AlOgs sites are present in grain boundary or surface of AIN grains in a small amount, and therefore XRD
peaks due to Al,O3 were absent or very weak for our AIN materials. On the other hand, commercial
materials exhibits almost no shoulder peak(~110 ppm) compared to our AIN materials and peaks at ~10
ppm, due to AlOs defect, which means most of the residual oxygen is not present in AIN grains but
grain boundary or second phase. Even though oxygen content of commercial material is almost the
same as that of AIN(S or 6h),(Table 1) however, the oxygen dissolved in AIN grain is much smaller for
commercial materials, which is shown by AIN3;O NMR peak area (4.73% and 0% for AIN (5h) and
commercial, respectively).
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Figure S1. (a) ?’Al Solid state NMR spectra for AIN materials showing shoulder peaks (~110 ppm) due
to AIN3;O defects. The peaks at ~110 ppm show gradual decrease in intensity with increasing reaction
time. Commercial material shows zero intensity in peak due to AIN;O defect. Very weak peaks due to
AlOg defect are found for our AIN and commercial materials. (See inset for enlarged image) (b) Fitted
peak area due to AIN3;O defect of the main peak is plot as a function of carbothermal reaction time.
Fitting of experimental spectra with AIN3O and AIN, profiles is shown in inset.( J. Kim et al. Direct
Evidence on Effect of Oxygen Dissolution on Thermal and Electrical Conductivity of AIN Ceramics
Using Al Solid-State NMR Analysis. Materials 2022, 15, 8125. https://doi.org/10.3390/mal5228125)
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The Al solid-state NMR spectra of the sintered AIN samples are shown in Figure S2. In
the NMR spectra of the sintered AIN_C-S samples, the peaks (shoulder) at ~110 ppm,
excluding the main peak (~120 ppm), a significantly weakened by sintering, which means
that the defect due to oxygen substitution in the AIN lattice (i.e., On) was removed. Instead,
new peaks due to the Al-O defects are found in the spectra of the sintered samples. The new
peaks at 0 and 60-70 ppm correspond to the 4-coordinated AINO:s of a probable y-AION
phase, whereas the peaks at ~10 ppm correspond to the 6-coordinated AlOs cluster, like those
in the spectra of the raw materials [1,2]. As the carbothermal reaction time increases from 2 h
to 6 h for AIN_C-S materials, peaks due to the y-AION phase gradually decrease, whereas
peaks at 10 ppm due to the AlOs octahedra increase, as shown in Figure S2. As carbothermal
time increases, the intensity of the shoulder at ~110 ppm also decreases for the sintered
samples, which corresponds to 4-coordinated Al (AIN3O).
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Figure S2. (a) Al solid-state NMR spectra for sintered samples (AIN materials with carbothermal
reaction time of 2—5 h). After sintering, the peaks due to AIN;O defect (~110 ppm) near main peak
(AIN4) were removed, as shown in Table 1. (b) As carbothermal reaction time increases (decreasing
oxygen concentration), peaks due to AINOs defect of intermediate y-AION (60—70 ppm) decrease with
increasing peak intensity due to AlOs defect (~10 ppm).



S2. HRTEM analysis

Figure S3. HRTEM images and lattice distance profiles of 1h and Sh samples.



S3. Williamson—Hall analysis
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Figure S4. Williamson—Hall plots of AIN samples with different reaction times.



