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Supplementary Section 1:Detailed derivation of the mobility descriptor

The scattering rate (Figure 3) is dominated by ionised impurities (IIS) with a non-negligible
contribution from polar optical phonons (POP). We start by considering the charge carrier scattering

rate due to polar optical phonons (tpop)2:
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where Crop is the angular averaged Frohlich coupling strength, Q is the unit cell volume,h is the
reduced Planck constant, mg (E) is the average energy-dependent effective mass from band curvature
calculation, E is the energy relative to the band edge, ® is the phonon frequency, T is the absolute
temperature,  is the Bose-Einstein distribution function for phonons, fis the Fermi-Dirac distribution
of electrons and ( is the chemical potential.? Sincethe angular averaged Frohlich coupling strength is
inversely proportional to the dielectric constant (€), we conclude that the scattering rate due to POP
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will be directly proportional to the square of the dielectric constant: “Pop X , Tpop(E) X &7,

On the other hand, the charge carrier scattering rate due to ionised impurities (Tys) is given by:
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where 1/t is the scattering rates dominated by ionised impurities®, Ny is the number of i pl?rltles, q

is the elemental charge, m" is the DOS effective mass (or Seebeck mass, mg), €is the dielectric

constant, &, is the vacuum permittivity and vy is described in Equation S3:
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where Lp is the Debye length, h is the reduced Planck constant and E(p) is a momentum dependent

energy function.’Directly from Equation S2,we observe that the scattering due to ionised impurities is

2
directly proportional to the square of the dielectric constant:/is (E)xe .Hence, we conclude that the

scattering rates due to IIS and POP are proportional to the square of the dielectric constant.

Regarding the density-of-states effective mass, the correlation is not as straightforward. The POP
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scattering rate time is inversely proportional to the square root of effective mass Tpop(E) xm

1/2p-1
(Equation S1) while the weakly screened impurity scattering time is directly proportional to ™ § N

(Equation S2). However, as the impurity and carrier densities increase, the additional dependence on

sinh’
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effective mass is introduced through the Debye screening length, €M In the high-density
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limit, impurity scattering time becomes proportional to Ts(E) < N7 'Ly D™ (E) s N7 nm ™

instead3, where D(E) is the density of states and ™ is the carrier density. Since the optimal doping

. . . . . 3/2 . . .
level, asdiscussed in the main text, is proportional to ™S | the impurity scattering rate no longer
depends on effective mass. Since both POP scattering and impurity scattering are important in this
. . . . -172
case, the scattering time should have an effective mass dependence that is weaker than s .
Therefore, we choose to drop this weak but complex dependency and focus on the more significant

factor, i.e. the dielectric constant.

Table S1:Summary of low optical phonon frequencies for the 12 ABX, materials resulting of the data
mining and subsequent filtering.

Chemical formula Low optical phonon frequency
AgBiS, Yes, Ag and Bi (ca. 50 cm™).
CrAusS, Yes, Au (ca. 50 and 100 cm™).
KCrS, Yes, K around 110 cm™!
TIBiS, Yes, Bi and TI around 50 cm™!
NaCrSe, No (Na around 125 cm™)
NalnSe, Yes, Na around 79 cm™!
ScTl1Se, Yes, Tl below 50 cm™
T1BiSe, Yes, Bi and T1 below 50 cm™!
GdTITe, Yes. Tl around 30 cm™!. Ga and Te have similar PhDOS
around 50 cm™
KGdTe, Yes, Ga around 50 cm™'but is not as prominent
T1BiTe, Yes, Bi and T1 below 50 cm™!
TISbTe, Yes, Tl around 30 cm™!, Sb and Te around 50 cm™

Table S1. Survey of low frequency phonon states in the data.



Figure S1: Extended data on the thermal conductivities of ABX, compounds.
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Figure S1. Thermal conductivities of ABX, compounds. (a) Temperature-dependent thermal
conductivities for all the analysed materials. Both of the population (Peierls) and coherence
contributions are considered. Dotted and solid lines show data for single crystals and polycrystals
with 1 pm grain size, respectively. (b) Cumulative thermal conductivities for population

contribution with respect to phonon mean-free-path (MFP) at 300 K.



Figure S2:Relationship between the direction averaged powerfactor and the Fermi surface complexity

factor (N, "K™).4
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Figure S2.Direction average powerfactor for ABX, compounds and literature values as a function

Direction Average Powerfactor (W/ m K?)
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of theFermi surface complexity factor (N,"K”).* The blue area corresponds to the prediction band
calculated for ABX, compounds. It corresponds to the range of values that are likely to contain the

value of a new observation, with a 95% confidence.

The transport descriptor for the powerfactor (Equation 3 in the main text) can be expressed in terms of

Mg
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the Fermi surface complexity factorby equating N,"K* to(mc) . This is given by Equation S4:
2(nr* 17 *\2/3, 05515
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In Equation S4, the dielectric constant (g) relates to the interaction strength, N;,"K* comes from the

complexity of the bandstructure and the Seebeck mass (mg®?) and temperature dependence (T'~) arise

from the optimal carrier concentration assumption.






Figure S3: Further information on phonon relaxation time of TA mode at T point of both pristine
AgBiS,andAgBiS,under 0.5% hydrostatic strain.
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Figure S3. Detailed information on phonon relaxation time (|V3| , SPS, and |Vs|” x SPS ) of TA
mode at T point of AgBiS, for (a) the pristine structure and (b) the structure under 0.5% hydrostatic
strain. The frequency of the TA mode is shown by the cross (x).



Figure S4: Temperature and carrier nature dependence of the direction averaged powerfactor for
ABX, materials. Note that the powerfactor is at optimal carrier concentration.
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Figure S4.Direction-average powerfactor, at optimal carrier concentration, as a function of

temperature for both n- and p-type ABX, chalcogenides.
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