Supplementary Figures

Supplementary Figure 1. Optical image of typical flake-like h-BN sample. Scale bar is 1 mm.
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Supplementary Figure 2. Scanning electron microscopy (SEM) images of (a) 99% !B h-BN, (b) 78%
1B h-BN and (c) 48% 'B h-BN, respectively; scale bars are 200 um. Electron back-scattered diffraction
(EBSD) obtained by scanning a selected area with 1 um step size: Inverse pole figure for (d) 99% 'B
h-BN, (e) 78% B h-BN and (f) 48% 'B h-BN; orientation deviation for (g) 99% 'B h-BN, (h) 78%
1B h-BN and (i) 48% B h-BN; scale bars are 60 um. The EBSD maps confirm these crystals have
large single crystal domains without evidence of large-scale defects. Small misorientations (tilts) up to
about 2° were seen between grains across the 99% B h-BN and 78% B h-BN samples, while
misorientations up to about 6° were present between grains across the 48% !B h-BN sample.
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Supplementary Figure 3. Temperature-dependent thermal boundary resistance (TBRet) between the
Au and h-BN interface. (a) Au/99% °B h-BN, Au/99% !B h-BN; (b) Au/78% B h-BN, Au/48% 'B

h-BN. The error bars in (a-b) correspond to the standard deviation of measured TBRes results.
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Supplementary Figure 4. Simulated temperature rise (AT) at the surface of h-BN. The maximum AT
is ~45 K. At 100ns, AT drops to 10 K and after 1000 ns, AT reduces to ~1 K.
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Supplementary Figure 5. Raman shift of the measured BN samples and comparison to data in Ref. S1.

(a) . i
—._ Gaussian profile

1/e? ra%
—

/ Volumetric heat flux
d2d1 L3 A'u_—'ﬁ=
d3 I h-BN
Insulation [

(b)

0.1

0.01

- - - Finite element model
—— Analytical model

Normalized temperature response

0.001 L——
10 100 1000 10000
Time (ns)

Supplementary Figure 6. (a) Thermal transport finite element model considering ¥ symmetry of the
studied material structure, and geometrical and temporal characteristics of the pump pulse; (b)
Normalized temperature response solved by the finite element model, overlaid with the solution from

the analytical photothermal pulses-induced thermal transport model.
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Supplementary Figure 7. Experimentally measured heat capacity for natural h-BN in Ref. S6 and the
calculated temperature-dependent heat capacity using Eq. (S1) for natural, monoisotopic °B and

monoisotopic !B h-BN.
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Supplementary Figure 8. Normalized intensity of the pump laser beam as function of position scanned
along the (a) horizontal-x and (b) vertical-y axes, along with their respective Gaussian fits, to determine

spot size of the pump laser on the sample surface.



Supplementary Notes
Supplementary note 1: Absolute ratio of the two boron isotopes in the samples studied

In Ref. S1, the absolute ratio of the two boron isotopes was quantified using secondary ion mass
spectrometry (SIMS) for several samples of different isotopic enrichments. Through comparison of the
SIMS-determined ratios with the in-plane Ezq phonon energies extracted from Raman spectroscopy, a
relationship was established in Ref. S1, which was used to benchmark the measured Raman shifts here,
as shown in Supplementary Figure 5, verifying that the resulting h-BN crystals have the same isotope
ratio as the input material used for the material growth.

Supplementary note 2: Validation of the analytical photothermal pulses-induced thermal
transport model

The analytical photothermal pulses-induced thermal transport model was validated by finite-element
modelling. As shown in Supplementary Figure 6(a), a ¥2 symmetric two-dimensional finite-element
model was built based on the studied material structure, and geometrical and temporal characteristics
of the pump pulse. The lateral dimension of the simulation domain (1) was 800 um, which approximates
the h-BN flake sizes shown in Supplementary Figure 1. The thickness of Au, Ti, and h-BN layers (di,
dz and ds) were 50 nm, 10 nm, and 15 um, respectively. A volumetric heat flux is employed on a 20 nm
x 150 um area in the Au layer, generated by the absorbed pump laser. Supplementary Figure 6(b) shows
the normalized temperature response solved by the finite-element model, overlaid with the solution
from the analytical thermal transport model (see main text). The good agreement illustrates the validity

of the analytical model for the analysis of the experimental data.

Supplementary note 3: Parameters in the thermoreflectance transient fitting

Thermoreflectance transients are a function of the h-BN out-of-plane (k;) and in-plane (k:) thermal
conductivities, density, specific heat capacity, thickness of each layer/material, and geometrical and
temporal characteristics of the pump pulse. In the transient fitting, except for the anisotropic thermal
conductivity (k; and k;) of h-BN, and the thermal boundary resistance between the Au transducer and
h-BN (TBResf), all other parameters were treated as fixed values. The Au density was taken as 19300
kg m™ 52, temperature-dependent specific heat capacity and thermal conductivity were from Ref. S3-
S4. The h-BN density values were taken from Ref. S5; note that the isotope effect on density is
negligible. The experimentally measured heat capacity in literature is only available for natural h-BN
S6, We calculated the volumetric temperature-dependent heat capacity (Cyv) for natural, monoisotopic

198 and monoisotopic B h-BN, plotted in Supplementary Figure 7. Cy was determined from a sum of



heat capacity contributions from each phonon mode labelled by wavevector § in branch j in the first

Brillouin zone®":

1 (hoy)?
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where ks is Boltzmann’s constant, Vcen is the unit cell volume, Dg; is phonon frequency and

Ng = (ehwﬁlj fkeT —1)_1 is the Bose-Einstein distribution. As shown in Supplementary Figure 7, the

calculated Cy for natural h-BN agrees with the experiments, and isotope effects are found to be
negligible over the temperature range studied. The calculated Cy is used in the analysis of the TTR

measurement.

Au, Ti and h-BN layer thicknesses were input with 50 nm (+/-5%), 10 nm and 15 pym (+/-2 um).
Uncertainties in the h-BN thickness will affect the transients at longer time scales. However, our
analytical thermal transport model shows that the transient in the time window 0-3 ps, which we are
typically interested in, is independent of h-BN thickness when it is larger than 10 pum. The pump laser
spot size was measured by the scanning-slit method. Supplementary Figures 8(a) and 8(b) show
scanning-slit profiles along the horizontal (x) and vertical (y) axes, along with their respective Gaussian
fits. We measure a 1/e? radius of 41 um (+/-5%).
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