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34 Thermoel ect niCaS properties of Pb

As shown 5jal P IxC gSwsamaes showed a monotonous decrease of electrical
conductivity with temperature, denoting a degenerated semiconductor behaviour. P bxC wuS
samples were characterized by negative Seebeck coefficients in the whole temperature range
measured, pointing at electrons as the majority charge carriers. AP byCuSp el dies gl ay e d
si gni f i cdectricdl cpnductiaitiegtiam PbS, but lower absolute values of the Seebeck
coefficient. We associate these experimental observations with an increase of the charge carrier

concentration with the introduction of Cu. Hall measurements quantified this increase of the
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charge carrier concentration in approximately one order of magnitude, from n=1.8x10'® cm?
for PbS to ca. n=1.0-2.5x10° for P bxC uS (Table S2). The increase of the charge carrier
concentration with the Cu introduction points at interstitial Cu atoms or the concomitant
formation of S vacancies as having the main electronic role. Somehow surprisingly, the Hall
charge carrier concentration did not correlate well with the amount of Cu introduced, but the
increase of carrier concentration saturated at moderate Cu loadings. This saturation of the
charge carrier concentration may be related to a saturation of the amount of Cu inserted within
the PbS lattice or to the presence of Cu at different locations and playing opposite electronic

roles.

As expected, the charge carrier mobility decreased with the presence of Cu, up to a factor three
with respect to that of PbS, which is related to the presence of more charge scattering defects.
However, surprisingly, the charge carrier mobility increased with the amount of Cu introduced
(Table S2). This increase of the charge carrier mobility with the amount of Cu, with respect to
the lowest Cu concentration introduced, could be related to the segregation of domains of CuxS
secondary phases having large charge carrier concentrations and thus facilitating the transport
of electrons [32,33]. Overall, the best power factors were obtained fortheP b. 4. &5 S a

and reached arecordvalueo f 2 . 3K?mtwmbi ent t(Egwps=)r at ur e

Using the single parabolic band (SPB) model, we calculated the effective mass (m*) of the Pbs.

xCuxS materials from the following equation of the Seebeck coefficient:

822

e &)

where kg is the Boltzmann constant, h is the Planck constant, e is the elemental charge, nu is
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the charge carrier concentration, and m* is the effective mass [52]. The calculated m* increased

with Cu doping, from 0.53mg in PbS to 0.96mg in Pbo.gssCuo.045S (Figure 5d and Table S2).

Figure 5e displays a Pisarenko plot of the Seebeck coefficient and charge carrier concentration
of all the samples at room temperature. The Seebeck coefficient of the Cu-doped samples was
systematically above the theoretical curve plotted considering the effective m* obtained from

PbS.

The weighted carrier mobility (pw) was calculated from the electrical conductivity and Seebeck

coefficient data:[8,52]

__3 2 \¥2
_8 0()(20 ) (2)

where Fn(n) is the Fermi integral with n=0 and is defined as:

()=fg — 3)
(+52) +32()
=+ — -
*—{y 0 ! @
where r denotes the scattering factorandni s t he reduced chemical po

r=l/o2wi ng to thetdemioanstiacl sfcBftelCudopgd mec ha
pellets show higher pw than pure PbS above 450 K. The enhancement on pw is especially

significantf or ¢ . hGey . &l p ewhitheeached avalue upto~23 & fvist
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providing additional free electorons and acce
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mobility, yu; ) Pi sarenko rel ationshi pesconaslactoud rartBegict han e f

depene @ial ues fadPrb 3 78ndsky RPhspel |l et s

The thermal conductivity monotonously decreased with temperature (Figure 7a). It was similar
for all the measured samples due to the compensation of the larger electronic contribution of
the Cu-doped materials associated with their larger charge carrier concentration, by a potentially
lower lattice component compared with pure PbS. Indeed, when subtracting the electronic
contribution to the thermal conductivity, we observed the lattice thermal conductivity of the
P BxC wS samples to be systematically lower than that of PbS, which is associated with the
enhanced phonon scattering at Cu atomic impurities and potential CuxS secondary phases

(Figure 7b).

The dimensionless thermoelectric quality factor B was calculated using the following

equation:[ 1 0]
=9—(35) ? (5)

B increased with the Cu amount up to the Pbo.gssCuo.o4sS pellet, which reached a very high

quality factor of 1.5x10° at 320 K and 8.0x10% at 773 K (Figure 7c).

Overall,re c oZrddal ues wer ePbhgsbCuosSn @ mp if e ® 4 Fr122a B i ng
K,whichi s about 4 tti hmetsn dhé pmehEFriPdapTeen t he best 0
knowl edge, th.e3 ptiWmmnzi® a@t 87 obtained at r oom
PboossCuoossSs a mpalrees t he hi ghestypebpPb&de dra fgdrMiea h  (
addi drieocio,ad erZalgg, 0,. 7v6dbd ai ned i n t hferdme mp20 aK L

to 773 K.
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4 .0 rCail awn

We reportedpiad,f asc¢ &de@adtl ematnlod ofwor atnRé synt h
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