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Thermal Conductivity
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All the parameters are related via carrier concentration
¢ The only independent parameter is

Atomic vibrations in solids:
Raman Phonons
Kt = (1/3)C,v,l
Brillouin (C, = Heat capacity at constant
. | volume, v, = Sound velocity, | =
-Tt/a o] wa 2m/a

-21/a

Phonon mean free path)



Intrinsic Approaches
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+« Additional structural features: complex crystal
structure, heavy constituent elements, statistical
disorder and bonding heterogeneity.
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Why S Based Material Cu, ;Bl, ;Sg?

Abundance (ppm) vs. relative cost of chalcogens
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Telluride and selenides are mostly used.
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Te: Toxic and costly.
S: Earth-abundant and less expensive.

Synthesized by high-T vacuum seal tube reaction.
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Cu-atoms are having higher atomic displacement parameters than Bi and S.




Low Thermal Conductivity and It’s Origin

. . >
1 —@— Cu, ¢Bi, 4S5 (1) (This work) ot .
12 |  ens /Low-frequency\ = 50 Significant
10 — PbsS ontical bhonons c 40" | anharmonicity in
7 — Bi, S, P P E 30 the lattice
> —TiS, .
E. 8 —— CoShS l Ccl
S 5 . ::AL::SSZ Scatters heat- | &
g _AgBi4S7 carrying acoustic GCJ
I 1 3“5 - .
E 4 Qhonons J (_%
- . 0 100 200 300
2] ¥ wiem)
1 — K.
| EOoooo=o—a— - _ _ '
0 0.6}

250 375 500 625 750 875

T (K)
“ Ky Of Cu¢BigSg has an
exceptionally low value compared

with the state-of-the-art metal
sulfides.

) Bonding
heterogeneity

o
N

tential energy (eV)
o
AN

Rattling (

atoms 0.0

A 010 0 010
0.0 .
Chem. Mater. 2021, 33, 2993-3001 Electron localization function Displacement (A)

o}
o




Heat Capacity and Raman Spectrum: Experimental Proof

3.5 ,
0.008 @ Experimental data
3.04¢,.. —— Debye + 2E
§ 25. §0,004 Boson like peak
g 2.0' 7 14 T%ll) 28 35
< 1.5-
=
> 1.0-
@) BT2
0.5' _..-——"'"—"—
Y
0.0 : . . :
O 200 400 600 800 1000
T? (K2)
Ok,
Cp _ 2 2 oN-o eT
T \J[‘F BT* + Zn<An(9En) (T*) 2-( or )2
T —1
Electronic Debye \ Y ¢’
contribution modes Einstein modes

Og, = 37.31 K (= ing optical modes
O, = 7421 K (

N

> —o— RT data B
o 1.0- individual fit @ 9
; —— Cumulative fit &
—

= 0.8

c

206

=

i®) .

< 0.4

0

< 0.2

£

o 0.0

prd

30 40 50 60
Raman Shift cm™)

Intensity (a.u.)

Temperature dependent data

50 100 150 200 250 300
Raman shift cm™)

-@-B, (~33cm™)

351 -9 B, (~39 cm?)

Several low frequency optical modes are present. 2 4
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Conclusions
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% Low x, W.r.t several state-of-the-art low thermal conductive materials in terms of earth-
abundant and low-cost S-based materials.

”",

frequency optical phonon branches and strongly scatter the heat-carrying acoustic phonons
to reduce K.

¢ Reasonable zT in terms of pristine n-type earth-abundant metal sulfide %
¢ Presence of bonding hierarchy, rattling atoms and lattice anharmonicity generates the low-
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