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Table S1 Weight ratio of nanoparticles (NPs), density (p), and number density of nanoparticles

(Nnp) of composites regarding the NPs’ type, size, and mole ratio.

sample name wt% p(gem=>)  Nnp (M)

matrix 6.07 -

GT30-1 0.38 6.06 3.48 x10%
GT30-2 0.76 6.05 6.91 x<10%
GT30-3 1.14 6.02 1.03 x10%
GT100-1 0.38 6.07 8.44 <108
GT100-2 0.76 6.05 1.68 x10'°
GT100-3 1.14 5.97 2.47 %100

GF30-0.2 0.22 6.05 2.53 <107
GF30-0.5 0.55 6.00 6.26 x10%°
GF30-0.8 0.88 6.01 1.00 x<10%

GF30-1 1.10 6.03 1.25 x10%
GF30-1.5 1.65 6.01 1.86 x<10%
GF30-2 2.21 5.96 2.45 x10%
GF30-3 3.31 5.89 3.59 x10%
GF100-1 1.10 6.05 1.70 <10
GF100-2 2.21 6.10 3.40 x10%°
GF100-3 3.31 6.01 4,97 x10%

Table S2 Gaussian fitting values of the size distribution for the various raw nanoparticles and

d means the diameter based on a sphere model.

raw mean d standard median d total Gauss R-
nanoparticle (nm) deviation (nm) (nm) number square
30 nm TiOz 30.94 10.46 29.99 387 0.9092
100 nm TiO2 106.95 43.95 102.61 262 0.9653
30 nm Fe304 26.86 7.30 26.19 225 0.9562
100 nm FesOs  112.62 42.09 107.64 272 0.9618
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100 nm TiOz

d=106.95.nm

Fig.S1 SEM images of the raw (a) 30 nm TiOz2, (b) 100 nm TiOz, (c) 30 nm Fes04, and (d) 100
nm FesOq particles. The insets show the particle size distribution and average diameter of

various raw nanoparticles.
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Fig.S2 Temperature-dependent carrier concentration (nn) of (a) GT30-n, (b) GT100-n, (c)
GF30-n, and (d) GF100-n composites calculated from the composites’ experimental values of
electrical conductivity (o) and Seebeck coefficient (S) and the Geo.osBio.os Te matrix’s assumed

values of the effective mass (m")! based on the single parabolic band (SPB) model.
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Fig.S3 Temperature-dependent logarithmic scale Hall mobility (un) of (a) GT30-n, (b) GT100-

n, (c) GF30-n, and (d) GF100-n composites calculated from the composites’ experimental
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values of o and S and the matrix’s assumed values of m™* based on the SPB model.
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Fig.S4 Temperature-dependent logarithmic scale weighted mobility (uw) of (a) GT30-n, (b)
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GT100-n, (c) GF30-n, and (d) GF100-n composites.
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Fig.S5 Temperature-dependent power factor (PF) of (a) GT30-n, (b) GT100-n, (c) GF30-n,
and (d) GF100-n composites.
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Fig.S6 Temperature-dependent Lorenz number (L) of (a) GT30-n, (b) GT100-n, (c) GF30-n,
and (d) GF100-n composites.
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Fig.S7 Temperature-dependent carrier thermal conductivity (xe) of (a) GT30-n, (b) GT100-n,
(c) GF30-n, and (d) GF100-n composites.
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Fig.S8 Built-in magnetic field (B) introduced by (a) a multi-domain magnetic FesOa

nanoparticle and (b) a single-domain superparamagnetic FesOs nanoparticle. (c) The

relationship of the built-in magnetic field B of raw superparamagnetic FesO4 nanoparticles and

the distance from their surface (l).
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Single parabolic band (SPB) model for calculating electronic transport parameters
Utilizing the single parabolic band (SPB) model with acoustic phonon scattering, the

effective mass (m”) can be derived by:?

Ron = | e e (s1)

1+exp(e—-n)

_ k[0S s
S== e [(r+3/2)Fry1/2(M) 77] (52)
e 2/3

n
T 2kgT [411Fr+1(7])]

(S3)

where Fj(#) is the Fermi integral function and # is the reduced Fermi level (y = Er/ksT), and
ks and h are the Boltzmann constant and Planck constant. The scattering factor r = —1/2 is taken
for the Geo.96Bio.os Te matrix due to the phonon-dominated scattering mechanism in GeTe-based

materials.® According to the Mott equation of the relationship between the S and n,*

§ = + Ky e (%)2/3 (r +3/2) (S4)

3eh?
since the nanoparticles are considered to have little influence on the band structure or the crystal

structure of the matrix, the m” can be treated as a constant, and the relationship between r and

S of composites can be derived as:®

(Tcompositet3/2) _ Scomposite (ncomposite)z/3
("matrix+3/2) Smatrix

(S5)

Mmatrix

Then, the scattering factor of the composites can be obtained according to the values of the
Seebeck coefficient and carrier concentration of the composites and the matrix.

Since both S and ¢ are the function of carrier concentration and are related to each other,
the transport coefficients (oe0) and the weighted mobility («w) are introduced to describe the

intrinsic transport properties of materials.® ® They can be expressed as:

o=og In(1+e" (S6)
0

29/2 okpT)3/?
Og, = en(:;la - (S7)
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The parameter oo is a conductivity expression independent of the carrier concentration (nw),
which excludes the error of the n1 in the Hall measurement. The oeo can be expressed by the
uw, Which is closely related to the m™. Therefore, the change in xw can also explain the
relationship between S and o, and the xw can initially reflect the scale of PF.

The L is the Lorenz number based on the SPB approximation:> ’

2
_ kg2 ) (r+7/2)Fry5/2(n) [(T+5/2)Fr+3/2(71)
L = (°B - S8

(e) {(r+3/2)FT+1/2(7;) (r+3/2)Fry172(n) } (S8)

Langevin function fitting for superparamagnetic FesO4 nanoparticles

To confirm that 30 nm Fe3O4 NPs is indeed superparamagnetic, the experimental data of
its M—H curve was fitted by the Langevin function:>&°

M = M,(coth (%) - %) (S9)

where the vacuum permeability uo is 4 < 107" N A2, the Boltzmann constant ks is 1.38 x
1072 J K™, and the temperature T is 300 K. The fitting results show that the saturation
magnetization intensity of 30 nm Fe3Os NPs is Mo = 54.54 emu g%, comparable with the Ms,
as shown in Fig.4b. And the magnetic moment of a 30 nm FesOs NPs is x = 1.12 <107 A m?,
which is related to the average volume <v>:589

nd3

1= Mgpup(V) = Mspukp —— (S10)

where Mspuik is the saturation magnetization intensity of bulk FesOs (Mspuk = 90 emu g 1).1°
Thus, the average diameter d of 30 nm Fe3O4 NPs obtained from the M—H curve is about 35.76
nm, close to the Gaussian analysis result of SEM (mean d = 26.86 +7.30 nm), as shown in

Table S2.
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Built-in magnetic field introduced by a magnetic particle
Considering the built-in magnetic field introduced by one single-domain FesO4 NP with
a sphere model, the magnetic field B around the FesO4 NP can be calculated as follows® 12:

2j(d/2)?
3(1+d/2)3 (Sll)

where J is the saturated magnetic polarization intensity of 30 nm Fe3O4 (J = woMsp = 0.36 T),

d is the diameter, and | is the distance from the sphere surface. The results are shown in Fig.S8c.
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