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Table S1. The chemical compositions and lattice parameters of the synthesized Phogs-xEuxNao.o2Te samples (the real
errors of ICP are usually ten times those of the measured errors).

nominal

Na - Lattice
0 0 0
Element Pb (atom%) | Te (atom%b) (atom%) Eu (atom%) Composition parameter
nominal
content 49 50 1 Pbo.ssNapoz Te
before SPS 49.15+0.21 49.82+0.56 1.03+0.01 Pbo,gﬁ“)Nao,ozjl(l)Teo,ggs(n) 64577(2)
after SPS 49.26+0.06 49.72+0.07 1.02+0.02 Pbo_gg5(1)N30_020(1)T80_994(1) 64587(1)
after
SPS+LFA 49.1610.07 49.94+0.16 0.8940.04 Pbg.ogayNao.oisw) T€o.999(3) 6.4590(2)
after annealing | °0.16£0.09 48.96+0.45 0.88+0.01 Pb1 0032)Nao.018(1) T€0.979(9) 6.4602(2)

nominal

content 48.75 50 1 0.25 Pbo g75EUo 00sNao o2 Te
before SPS 48.624+0.15 49.9640.16 1.1540.02 0.2740.002 Pb0_972(3)EUo_005Nao_ozs(l)Teo_ggg(g) 6.4589(2)
after SPS 48.55+0.06 50.05+0.16 1.14+0.05 0.2740.001 Pb0‘971(1)EUO‘005Nao_ozg(l)TeLool@) 64591(2)
Spgf,fel_rF A | 48394016 | 50404021 | 0944002 | 02640002 | PbosssEUnsesNasorsTeroosy | 6.4595(2)
after annEaIing 49.66+0.36 49.32+0.42 0.7540.01 0.2840.002 Pbo.9937 EUo.006Na0 0151y T€0.986(8 64609(2)
inal
r::zm:ri 485 50 1 0.5 Pbo g7EUo0iNage, Te
before SPS 48.4740.18 50.01+0.10 1.074+0.01 0.4640.005 Pbo‘gsg@)EUo‘oogN30,021(1)Te1‘000(z) 64596(2)
after SPS 48.43+0.04 50.05+0.39 1.05+0.02 0.47+0.001 Pbo‘geg(l)EUo‘oogNao_ozul)TeLool(g) 64596(1)
SP";fFLrF A | 48231001 | 50351029 | 095£0.06 | 047+0.001 | PbosssyEUoosNasosTerome | 6.4604(2)
after annealing 49.30+0.19 49.07+0.20 1.144+0.01 0.50+0.003 Pbo 936(4)EU0010(1)N30 023(1)T90931(4) 64609(2)
nominal
content 48.25 50 1 0.75 Pbo.gssEUo.01sNaoe2 Te
before SPS 48.214+0.12 49.9440.41 1.1040.07 0.75+0.02 Pbo_gsA(Q)EUo_()lsa)N30_022(1)TEQ_999 ®) 6.4602(3)
after SPS 48.10+0.26 50.09+0.73 1.08+0.02 0.7340.002 Pbo_gsz(s)EUO_015Nao_ozz(l)Tel_ooz(ls) 64595(2)
Spgffir,: A | 4791031 | 50604054 | 0.76+0.01 | 0730006 | PhossyeEUsoiswNavaseTerowwy | 6.4611(2)
after annealing 48.94+0.14 49.24+0.26 1.0640.02 0.76+0.001 Pby 979(3)EUo.015Na0.021(1) T€0.985(5 64618(2)

nominal

content 48 50 1 1 Pbo.gsEUo02Nage: Te
before SPS__ | 48.01+0.08 | 49.884032 | 11240.02 | 1.0040.003 | PbossomEUsczoNaoozzcy T €osens | 6.4612(2)
after SPS 47.9710.10 | 49.9410.28 | 1114011 | 0.97£0.00L | _PboyosspEtoorsNagoos Teossesy | 6.4619(2)
SP‘?FJF A 48.0140.42 | 50124042 | 088+001 | 0.99+0.002 Pbossos ElooNaosw Teroos | 6.4616(2)
after annealing | 49.02+0.07 49.204+0.11 0.7740.04 1.01+0.02 Pbo.ss0(1)EUo.020)Nao 0151) T €0.984(2 6.4630(2)

content 47.75 50 1 1.25 Pbo.9ssEUo.02sNag o2 Te
before SPS 47.5240.10 49.96+0.16 0.98+0.06 1.34+0.14 Pbo.sso(2) EUo.0273)N@0.020) T €0.9993) 6.4612(3)
after SPS__ | 47674011 | 50.0540.16 | 1044002 | 1.3240.16 | PbosssEUsameNaooricTe1ooe | 64611(3)
SP?FJF A | 4767011 | 50204024 | 076+0.02 | 137+0.03 | PhossipEUncwNavosTeroous | 6.4623(2)
after annealing 48.514+0.23 49.24+0.25 0.8340.04 1.4240.005 Pbo.g70(5)E Uo.0281)Nao.o171) T €0.085(5) 6.4642(2)




Table S2. Experimental Eu®* and active Na* contents from XAS in units of x, as well as experimental active Na*
content from Hall measurement in units of x. (All data are taken at RT. The error bars of Eu®* (%) reflect the
deviations of the fits to the experimental data.)

row nominal x 0 0.005 0.01 0.015 0.02 0.025
1 Experimental
Eu®* content 0 432+22 | 314+16 | 602+36 | 65.1+41 | 39.9+22

from XAS (%)

2 Experimental
Eu®* content

from XAS (in
units of x)

3 Experimental
active Na*
content from 0.02 0.0178(1) | 0.0169(1) | 0.0110(1) | 0.0070(1) | 0.0100(1)
XAS (in units
of x)

4 Experimental
active Na*
content from
Hall
measurement
(in units of x)

0 0.0022(1) | 0.0031(1) | 0.0090(1) | 0.0130(1) | 0.0100(1)

0.0059(2) | 0.0075(3) | 0.0070(3) | 0.0055(2) | 0.0061(2) | 0.0055(2)

Row number 1: shows the percentage of Eu®* based on XAS analyses.

Row number 2: shows the Eu®* content in x units based on XAS analyses. For sample x = 0.01,
Pbo.972*EUo.0069” "EU0.0032°"Nao.o2 " Ter.0?.

Row number 3: shows the active Na* content in x units based on XAS analyses.
Row number 4: shows carrier concentration from Hall measurement in the units of x.

One may expect that if all Na would be active, the values of row 3 and row 4 would be same. However, this is
obviously not the case.
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Figure S1. Eu mapping (800x magnification at 10 kV beam voltage) for Pbo.gssEUo.01sNao.02Te: (a) before SPS, (b)
after SPS, (c) after SPS and LFA, and (d)after annealing at 873 K.
- . F » [ » 3 a - 100 s ‘ )

|

£5L8383
(]

£8¢8

I.

~ - 0
.‘. < s A =

L
, SESRBB®RE
cuEBRNBES

‘ P “ 3 . v‘ =}
- @ » o y ’ A b
. o S . ‘ “o
SRS cocs 50

Figure S2. Na mapping (800x magnification at 10 kV beam voltage) for Pbo.gssEUo.01sNao.o2 Te: (a) before SPS, (b)
after SPS, (c) after SPS and LFA, and (d) after annealing at 873 K.
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Figure S3. Effective magnetic moment per Eu atom of Phggs-«EuxNag o2 Te and PhixEuxTei+osx before SPS (the
dashed line refers to the Eu?* value of 7.9 pg).
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Figure S4. Eu mapping of PbggsxEuxNaoo2Te after SPS: (a) x = 0.010, (b) x = 0.015, (c) x = 0.020, and (d) x =
0.025.
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Figure S5. Temperature-dependent (a) Hall carrier concentration p and (b) carrier mobility x of Pbo.gsxEuxNago2Te
after SPS.
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Figure S6. Temperature-dependent (up to 873 K) (a) resistivity, (b) Seebeck coefficient, (¢) power factor and (d)
thermoelectric figure-of-merit ZT for samples: Pbo.g7Eu.01Nag 02 Te after SPS, PbggsEuo02Nao o2 Te after LFA, and
after annealing.

For the evaluation of these materials in potential high-temperature application, further
characterization of the thermal stability at 873 K was carried out. The properties are consistent
with our previous measurements (Figure S6), the ZT values are also reduced for the samples
after additional heat-treatment. The after-SPS specimen becomes bent (Figure S7, right), while
the shape does not change for after annealing one (Figure S7, left). However, the surface of all
specimens after 873 K ZEM measurements becomes white and removable (Figure S7). The
powder XRD pattern of the white surface is presented in Figure S8. It is clear that at high
temperature (873 K) and lower pressure (0.1 bar) of Helium atmosphere, the surface of the
samples changed. This may be due to evaporation of Te from PbTe for temperatures above 773

K, which is especially likely to occur in vacuum condition.
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Figure S7. Specimens after ZEM measurement at 873 K: after annealing and ZEM (left), after SPS and ZEM
(right).
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Figure S8. Powder XRD pattern of the white surface from the sample PbogsEuoo2Naoo2Te after 873 K ZEM
measurements.



