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Pristine TiS, powders
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Fig. S1 The XRD pattern of pristine TiS, powders. All peaks match those in the reference PDF#
15-85312,
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Fig. S2 The SEM images of pristine layered TiS, powders under different magnifications.
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Fig. S3 The AFM images of exfoliated TiS, nanosheets. The testing area is 3 um x 3 um.
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Fig. S4 The XRD pattern of pristine C¢o powders. The peaks are consistent with previous paper.3



Fig. S5 The digital image of (a) 1 mg mL-' Cgy/toluene solution, (b) TiS; nanosheets in IPA, and
(c) 1 wt% Cqg/TiS, hybrids in IPA. All the solutions are very stable even after placing for one

week.
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Fig. S6 (a) The sample configuration for the measurement of electrical conductivity. The
electrical conductivity was measured based on the Van der Pauw method with a home-made
apparatus. Electrodes were made by thermally evaporating gold on four corners of the film. Four
probes were pressed on the electrodes. I-V sweep was performed using a Keithley 6221 as
constant current source and a Keithley 2182A as voltage meter. The electrical conductivity
measurement was calibrated with a standard resistance of 200 Q. (b) The illustration of
experimental setup for the measurements of Seebeck coefficient. In detail, peltier devices were
used to create temperature difference between the two sides of thin film. Two micro-
thermocouples were placed on the sample to determine the temperature difference, while two
metal probes were used to record the thermoelectric voltage. The Seebeck coefficient was
derived by a linear fit to the measured thermoelectric voltage versus temperature. The Seebeck

coefficient of constantan was measured for calibration.
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Fig. S7 Seebeck coefficient measurement curve of constantan for calibration.
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Fig. S8 The carrier concentration and carrier mobility of Cgy/TiS; hybrid films as a function of

Ceo content.



The dominant scattering mechanism of TiS, is acoustic phonon scattering, so the scattering

factor » = -1/2. The reduced Fermi energy #n should be derived from the measured Seebeck

coefficients,

S=+ks

e

((”+5/2)F(r+3/2)(77) ]’ (S1)

-n
(’" +3/ 2)F(r+1/z)(77)

where F,(n) is the nh-order Fermi integral,

F0)=[ —*dr. (S2)

1+e*7

where kjp is the Boltzmann constant and e is the electron charge. The carrier effective mass (m”)

is calculated from,

h2 n 2/3
m = { £ } , (S3)

2k, T | 47E, (1)
where 4 is Plank constant and n, is the carrier concentration.* Based on the experimental data of
S and n for fabricated TiS, film, m* was calculated to be ~3.9 m, (m, is the static mass of an

electron). The experimental data and Pisarenko plot of Seebeck coefficient as a function of

carrier concentration at room temperature were listed in Fig. S9.
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Fig. S9 The experimental Seebeck coefficient as a function of carrier concentration for fabricated
films at room temperature. The solid line is the Pisarenko plot for fabricated TiS, film at room

temperature.
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Fig. S10 Stability of 1 wt% Cgo/T1S; nanosheets hybrid film.
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Fig. S11 (a) The digital images of special sample holder together with prepared sample for in-
plane thermal conductivity measurement. (b) Bottom view. (c) Top view. The diameter of
sample was around 25 mm, while the thickness was around 200-300 um. Before test, thin
graphite layers were sprayed onto each sides of the sample (exposed areas) in order to effectively

absorb the laser.
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Fig. S12 The electronic thermal conductivity (x.) of Cso/TiS, hybrid films as a function of Cg

content. k, was calculated according to the equation, x, = LyoT.
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Fig. S13 Out-of-plane thermal conductivity of fabricated TiS, film and Cgy/TiS, nanosheets
hybrid films.
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Fig. S14 Digital image of device performance measurement. Temperature difference was
produced by heating one side of the device with a resistance heater, meanwhile a voltage meter

(Keithley 2182A) was used to recorded the generated thermoelectric voltage.
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Table S1 Calculated orientation factor (f) of fabricated TiS, film and Cg(/TiS; nanosheets hybrid
films from the XRD patterns using the Lotgering method.>
Ceo content (wt %) 0 0.2 0.5 1 2 3 5
f 0.66  0.62 0.53 0.58 0.55 0.60 0.56

Table S2 List of solution-processed flexible n-type thermoelectric films based on TMDs

polycrystals.®-
Host Intercalation Electrical Seebeck Power Ref.
materials molecules conductivity coefficient factor
(S em™) (kVKY) (W m'K?)

WS, n-butylithium 9 -75 5 6
MoS, benzyl viologen 0.0023 -360 0.03 7
TiS, HA, NMF 694 -55 210 8
TiS, HA, NMF 520 -67 230 9
TiS, Ceo 391 -101 399 Our work

HA: hexylamine.

Table S3 Average in-plane thermal diffusivity and specific heat of fabricated TiS, film and
Ce0/T1S; nanosheets hybrid films.
C60 content (wt %) 0 0.2 0.5 1 2 3 5
Thermal diffusivity (mm2 s-1)  0.438 0.367 0.301 0.270 0.262 0.253 0.239
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Specific heat (J g-1 K-1) 0.701 0.712 0.729 0.740 0.752 0.760 0.778

Table S4 In-plane thermal diffusivity and specific heat of fabricated TiS, film and 1 wt%

Ce0/TiS; nanosheets hybrid films as a function of temperature.

Temperature (K) 300 320 340 360 380 400

TiS, Thermal diffusivity (mm? s') 0.438 0.433 0426 0.412 0397 0.397
Specific heat (J g! K1) 0.701 0.713 0.722 0.733 0.739 0.746

1 wt% Thermal diffusivity (mm? s'')  0.270 0.247 0.228 0.213 0.206 0.197
Ce0/TiS; Specific heat (J g! K1) 0.740 0.754 0.763 0.776 0.782 0.789

Table S5 Average density of fabricated TiS, film and Cg/TiS, nanosheets hybrid films.
Ceo content (wt %) 0 0.2 0.5 1 2 3 5
Density (g cm™) 3.125 3.116 3.097 3.073 3.042 3.011 2.958

Table S6 Thermoelectric properties of p-type leg and n-type leg for device performance

measurement.
Type Materials Electrical Seebeck Power
conductivity coefficient factor
(S cm) MVKYH (W m'K?)
P 50 wt% PEDOT:PSS/SWNTs 1100 32 113

N 1 wt% Ceo/TiS; 391 -101 399
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