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Figure S1. (a) Comparison of the temperature of HFR along channel length 
(normalized position from the suspended to the free end) from FEM analysis at different 
convective heat transfer coefficients and Raman thermometryS1–S3. Larger deviation in 
clamped base is due to undercut of silicon nitride insulation layer. (b) Average of the 
temperature difference between FEM analysis and Raman thermometry as a function 
of convective heat transfer coefficients. 
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Figure S2. (a) Temperature differences and (b) time constants of the HFR filled with 
various liquid samples under a 10-mW heating pulse with different convective heat 
transfer coefficients of 0, 25, and 1000 W/m2·K. (c) Temperature differences of the 
HFR filled with various samples as a function of thermal conductivity and (d) its 
zoomed-in. All data are obtained from transient FEM heat transfer simulation. 
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Figure S3. (a) Transient heat transfer FEM simulation showing time constant divided 
by temperature difference as a function of volumetric heat capacity for different 
convective heat transfer coefficients. (b) Sensitivity enhancements for volumetric heat 
capacity measurement calculated as a ratio of sensitivity, slope in (a), at a specific heat 
transfer coefficient to that at 1000 W/m2∙K as a function of convective heat transfer 
coefficient. 
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Figure S4. (a) Amplitude spectra of the HFR filled with an ethanol-water binary 
mixture (50:50 in volume) and air in atmospheric and vacuum pressures (1e3 and 1e-4 
mbar, respectively). (b) Amplitude and phase spectra of the HFR filled with various 
ethanol-water binary mixtures in vacuum pressure (1e-4 mbar). (c) Resonance 
frequency of the HFR as a function of liquid mass density and (d) quality factor of the 
HFR as a function of liquid viscosity in atmospheric and vacuum pressures (1e3 and 
1e-4 mbar, respectively). 
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Figure S5. (a) Curve fitting coefficients for thermal conductivity measurement from 
(experiments) ∆T = A/(k-B)+C and (FEA) ∆R = A’/(k-B’)+C’ where T is temperature, 
R is resistance, and k is thermal conductivity. Trends of horizontal asymptote, C (when 
kàꚙ), in calibration curves for thermal conductivity show a counter-intuitive decrease 
with an increasing vacuum (decreasing heat transfer coefficient). Trends of y-intercept, 
-A/B+C (when k = 0), show an increase with vacuum, owing to decreasing thermal loss 
through ambience during the specific power modulation. (b) Curve fitting coefficients 
for volumetric heat capacity measurement from (experiments) τ/∆T=a∙ρcp+b and (FEA) 
τ/∆R=a’·ρcp+b’ where τ is time constant and ρcp is volumetric heat capacity. (c) Curve 
fitting coefficients for specific heat capacity measurement from τ/∆R/|∆f| =d∙ρcp+e. 
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Figure S6. The average deviation of thermal conductivity and heat capacity by using 

HFR in vacuum environment, compared to the state-of-the-art of thermophysical 

properties measurements with micro thermal sensors from our previous resultS1 and the 

other referencesS4–S18. References in (*) use the methods which are hard to define the 

measurement volume. The HFR with a different length from the previous work is used 

in this work. Studies so far have been developed by random introduction of new 

metrologies rather than improving performance. 
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