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Table S1. Lattice parameters of Cu;_,Cr,FeS, (0 <x <0.1) described in the space group 142d.

Sample a/A c/A
CuFeS, 5.2902(4) 10.4254(6)
CU.().98CI'()A02FCSZ 5.291 1(1) 10.43 10(5)
Cu0,96Cr0.04FeSZ 52896(5) 104254(8)
Cu0,94CrO‘06FeSZ 52888(7) 104219(3)
CUO'92CI'0.08FGSQ 52896(3) 104261(2)
CugoCro FeS, 5.2908(4) 10.4286(3)
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Figure S1. The first derivative of the absorption (L(E)) of the (a) copper (b) iron (c)
chromium and (d) sulfur spectra for Cu¢,CrggFeS,. The K-edge absorption energies were

extracted from the maxima as shown by blue circles.



Table S2. The energy positions of Cu, Fe, S and Cr K-edge absorption edges in Cu,_Cr,FeS,

(0<x<0.1).
Sample Cu K edge (eV) | Fe K edge (eV) S K edge (eV) Cr K edge (eV)
(nominal
composition)

CuFeS, 8982.3 7120.1 2469.8 -
Cuy.o3Crg 2 FeS, 8982.3 7119.8 2469.8 5995.3
Cuyg96Cry g4FeS, 8982.3 7120.1 2469.8 5995.1
Cuy.94Cry6FeS, 8982.3 7119.8 2469.8 5995.3
Cuyg,Cry ogFeS, 8982.3 7119.8 2469.9 5995.3

CuoCryFeS, 8982.3 7120.1 2469.7 5995.1
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Figure S2. Sulfur absorption spectra for Cu;.,Cr,FeS, (0 <x <0.1) and FeS,.




Figure S3. SEM images of Cu;_,Cr,FeS; (0.02 <x <0.1) samples showing the spinel-type

secondary phase.

Calculation of the compositions of chalcopyrite phase:

with

Cuo.98Cro,02FeSZ = bCuxFeySZ + cCuuFevCrwS4

0.98 =xb + uc for Cu
0.02 = we for Cr
1 =yb+vc for Fe
2=2b+4c for S

)
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Taking the values of u, v and w from EDS, b, ¢, x and y were evaluated for all the samples and the

final balanced equations are shown below:

x=10.02;

Cuy 95Crg 02FeS, = 0.9755[Cugg977F€1 011652] + 0.0122[Cuy s438F €1 .0761Cr1.635354]
x=0.04;

Cug96Cro 04FeS, = 0.9476[Cuy o537 €1 0279S2] + 0.026 1[Cug s575F €0.9570CT1 52054]
x=0.06;

Cuy.94Crg 96F'eS; = 0.9091[Cuyg 9sa9F €1 04995,] + 0.0454[Cuy 5820F€0.9995CT1 320654]
x=0.08;

Cuy.92Crg0sFeS; = 0.9011[Cuyg ggsaFe1.051152] + 0.0494[Cuy s015F €1 0675Cr1.618954]
x=0.1;

CuyoCry 1FeS, = 0.8796[Cug 9758F €1 066252] + 0.0602[Cuyg 691 Fe1.0306Cr1.661154]



Table S3. EDS composition of the main and secondary spinel phases in all the samples; and

the calculated composition of the main phase and Cu:Fe ratio.

Nominal EDS EDS composition of | Main phase | Cu/Fe ratio
composition | composition of spinel secondary composition in main

main phase* phase” (calculated) phase

(calculated)
Cug9sCro2FeS; | CujaiFe02S; CugssFe0sCrieaSs | CugoosFer 01252 0.986
Cu.96Cro04FeS; | CuyaiFe 03, Cug39F€0.09Cr1 52384 | CugogoFeq 02552 0.962
Cuyg.94Cro 06F €S, Cuy 19Fe1 055, Cuy sg2Feq 00Cr 3254 Cug.ossFer 5052 0.910
Cug.92CroosFeS; | CujaoFer 04, Cug soFe; 07Cr162S4 | CugogsFer 05152 0.940
CugoCro 1 FeS; | CuyoFe; paS: CupeoFe103Cri6654 | CugorsFerossS2 0.915

*Normalized to 2 Sulphur atoms per formula unit in CuFeS,. The overlap of the K, and L, characteristic

lines of Cu and Fe, may result in uncertainties in the quantitative at.% determined by EDS and exhibiting

a slight Cu excess as reported previously.'?

#Normalized to 4 Sulphur atoms per formula unit in [Cu, Fe, Cr];S,
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Figure S4. The dependence of (a) Cr content and (b) 1/Cu in the spinel secondary phase, on

the Cu:Fe ratio in the main phase plotted as a function of nominal Cr concentration (x).



Table S4. Room temperature Hall measurement data of Cu;_,Cr,FeS, (0 <x <0.1) samples.

Sample Charge carrier concentration Charge carrier
(x 10" cm™) mobility (cm? V-1s1)

CuFeS, 1.4(2) 16(2)
Cuy.95Cro o2FeS, 5.8(2) 15(1)
Cuy.96Cro 04FeS, 3.8(4) 11(1)
Cug 94Crg g6FeS, 2.9(2) 12(1)
Cu.9,Cro osFeS, 4.4(4) 18(2)
CuoCry 1 FeS, 5.8(4) 15(1)

Calculation Details:

e Lorenz number:

The electronic part of the thermal conductivity (x,) was calculated from the Wiedemann-Franz

relation:

K, = LoT

(S1)

L 1s the temperature-dependent Lorenz number and 7 is the temperature. The temperature-

dependent Lorenz number was evaluated from the following relation:

L= :

T T

3 3
(r+DFrprp @) |+ DFp 1y ()

(82)

Where kg is the Boltzmann's constant, # is the reduced Fermi energy that is obtained from

Seebeck coefficient values via the relation:
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Here, F(7) is the reduced Fermi integral given by:
F.(1) T 4
M= ) e
-1

And n = E F/k BT where Ep denotes the Fermi level. Assuming that the main scattering
mechanism is acoustic phonon scattering, the value of r is taken as -1/2. The Lorenz number at

each temperature value is therefore obtained by substituting # and » in equation (S2).

e Mean sound velocity (Vm):

and average sound velocity (vay,):
Vavg= (2v, +v)/3

where, v; and v, are the longitudinal and transverse velocities, respectively.

e Shear modulus (G):
7.2
G = dvy
Where @ and v, are the density and transverse velocities respectively.

¢  Young’s modulus (E):

dv% (3v% - 4v%)

2 2
(vl - Ut)

e Debye temperature (6p):



m

h (3N
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where £ is the Plank's constant, k3 is the Boltzmann's constant, N is the number of atoms in the

unit cell, ¥ is the volume of the unit cell and Ym is the mean sound velocity.

Table S5. Temperature dependent Lorenz number of CuFeS,.

Temperature (K) Lorenz number (x 108 V2 K-?)
323 1.524
373 1.526
423 1.527
473 1.527
523 1.528
573 1.531
623 1.538
673 1.563

Table S6. Temperature dependent Lorenz number of Cug ¢3Crg ooFeS,.

Temperature (K) Lorenz number (x 108 V2 K*?)
323 1.616
373 1.611
423 1.609
473 1.608
523 1.604




573 1.606

623 1.607

673 1.611

Table S7. Temperature dependent Lorenz number of Cug 95Cr o4FeS,.

Temperature (K) Lorenz number (x 108 V2 K-?)
323 1.549
373 1.547
423 1.545
473 1.543
523 1.539
573 1.535
623 1.540
673 1.553

Table S8. Temperature dependent Lorenz number of Cug 94Crg osFeS,.

Temperature (K) Lorenz number (x 108 V2 K*?)
323 1.539
373 1.538
423 1.536
473 1.535
523 1.533




573 1.533

623 1.536

673 1.542

Table S9. Temperature dependent Lorenz number of Cu 9,Cr ogFeS,.

Temperature (K) Lorenz number (x 108 V2 K-?)
323 1.620
373 1.610
423 1.601
473 1.595
523 1.591
573 1.588
623 1.583
673 1.584

Table S10. Temperature dependent Lorenz number of Cu¢Cry FeS,.

Temperature (K) Lorenz number (x 108 V2 K-?)
323 1.641
373 1.630
423 1.626
473 1.623
523 1.623
573 1.625




623

1.629

673

1.6385
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