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Figure S1 Distribution of finite bang gap values in the 68823 experimentally reported
compounds in MPDS. Use of this data for training introduces a bias towards elemental
combinations exhibiting a finite band gap.

Table S1 List of reported ternary compounds within the Cu-Sn-S-I phase field that satisfies the
oxidation states Cu'", Sn**, S%, and I". There are only five ternary compounds and no quaternary
compounds known, showing the under explored nature of this phase field.

Compounds
Cus,SlI
CUzsn|4
CuSnl;
Sn,Sls

Sn28|2

Structure comparisons:

Table S2. Bond valence sum calculated for various cations in CuSn,Sl; and Cuo 35Sns.2eS2l5. All
calculations are based on the distances shown in the various cation coordination environments
in Figure 2(b) and Figure 3(b). The Cu1, Cu2, and Sn00 sites in Cuo.35Sns.29S2l7 are partially
occupied which accounts for the less accurate values.

Compound Atom BVS
Cu 0.9

CuSn,Sl; Sn1 1.89
Sn2 1.91

Cul 0.84

Cu2 0.87

Cuo.355N5.20S:l7 Snoo 2.29
Sn1 1.90

Sn2 1.93




Table S3 Bond valence sum for the different cations in CuSn;Sl; and Cu.35Sns.2eS2l7 without
considering the longer Sn—I distances within the Sn,S,l, units of each structure. This gives poorer
agreement with expected oxidation states, indicating the presence of the longer Sn-I distances.

Compound Atom BVS
Cu 0.9

CuSn,Sl; Sn1 1.76
Sn2 1.77

Cu1 0.84

Cu2 0.87

CUo.355N5.29S:l7 Sn00 2.29
sn1 1.73

Sn2 1.79

Table S4 Bond valence sum values calculated for the disordered compound, Cuo.35SnNs.29S2l7, with
a hypothetical Sn octahedra with no distortion. Hypothetical structure with no distortion gives
poorer agreement to expected Sn oxidation state of 2+.

Compound Atom BVS

Cu1 0.88

Cuo.355Ns.20S217 (hypothetical Cu?2 0.90
without distortions) SN00 2134
Cu1 0.84

Cu2 0.87

Cuo.355N5.205:17 (experimental) Sn0o 2.29




(d)

Figure S2 Comparison of the structural units in different quaternary chalco-halides. (a), (b), (c)
show the structures of ternary bismuth chalco-halides BiSCI, BiSel, and BiSI (d), (e), (f) show the
extended unit formed by the incorporation of a second cation, in CdBiS,Cl, In,BiSe4l, and
CusBiSslsrespectively.

Table S5 The list of quaternary chalco-halides with d'° and s? cations. Compounds containing
Bi** and O* are not listed.

Compound | Space group Structural units Dimensionality | Band gap Ref
AgsSbS:;l, Pnnm (58) [SbS;], [AgS.l], [AgS.l,] 3D - !
CusSbS;l, Pnnm (58) [SbS3], [CuS,l], [CuSal,] 3D ‘red-orange’ 2
Hg,PbS.l, P4/mbm (127) | [HgS.l.], [PbSals] 3D - 8
Hg,SnS;Br, | P24/c (14) [[HgSs], [HES:], [SnS:Brs] | 3D - 4
CdSnSBr, Cmcm (63) [CdBr4S:], [SnS2Br,] 2D 2.72 eV 5
CdSnSCL Cmcm (63) [CACLS,], [SnS,Cly] 2D 2.87 eV °

Table S5 gives the list of known quaternary chalco-halides with an s? and a d'° cation. Bi
containing compounds and oxyhalides are not included. Most structures are three dimensional
with CdSnSX; (X=Cl, Br) being the exceptions. There is little known about the band gap and the
nature of band gap for most of the other compounds.



Synchrotron powder XRD at 100 K:
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Figure S3 Synchrotron powder x-ray diffraction pattern of CuSn,Sl; sample measured at 100 K.
The parameters from the Rietveld refinement are given in Table S16..

Elemental analysis:
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Figure S4 The elemental composition data on CuSn,Sl; samples obtained from SEM-EDX
spectroscopy, presented as ternary plots of (a) Cu-S-1 and (b) Sn-S-I. The red star shows the target

composition of CuSn,Sls. The black and blue squares are from measurements on multiple single
crystals. Yellow circles are from ball milled powder sample.
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Figure S5 Left: SEM image of a single crystal on which EDX was measured. Right: Image ofa 5
mm diameter pellet of CuSn,Sls, on which THz spectroscopy measurements were performed.

X-ray photoemission Spectroscopy
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Figure S6 XPS survey spectrum for CuSn,Sl; powder sample.

All elements expected are identified in the XPS survey spectrum. Presence of O 2s indicates slight
oxidation of the sample during transit/measurement.
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Figure S7 Core level spectrum of Cu® in CuSn,Sl; powder sample with the peaks corresponding

to 2ps, and 2py,; fitted. The broad peak in green corresponds to 3pi,. level from I anion.

Table S6 The binding energy and full width half maximum (FWHM) values obtained from fitting
the core level XPS spectrum of Cu* 2p levels and I 3p levels. Comparison with values from the
literature for CuBiSeCl; is also given.

Measured Literature'’

Cu Binding Energy (eV) FWHM Binding Energy (eV) FWHM
Cu2p3/2 932.04 1.09 932.32 1.18
Cu2p1/2 951.82 1.56 952.1 1.88

A=19.78 A=19.8
I
13p1/2 930.31 3.34 930 -
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Figure S8 Core level spectrum of I' 3d levels in CuSn,Sl; powder sample.

Table S7 The binding energy and full width half maximum (FWHM) values obtained from fitting

the core level XPS spectrum of I and comparison with values from the literature on K.

I Measured Literature'
Binding Energy (eV) FWHM Binding Energy (eV) FWHM
1 3d 5/2 618.76 1.16 619.3 -
13d 3/2 630.24 1.16 630.8 -
A=11.48 A=11.5
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Figure S9 Core level spectrum of S* 2p levels in CuSn,Sls.

Table S8 The binding energy and full width half maximum values obtained from fitting the core
level XPS spectrum of S* and comparison with values from the literature for SnS.

S Measured Literature™
Binding Energy FWHM Binding Energy FWHM
(eV) (eV)
S2p1/2 162.20 1.00 162.25 -
S2p3/2 161.00 1.00 161.07 -
A=1.20 A=1.18
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Figure S10 Core level spectrum of 3d levels of the Sn?* cation in CuSn,Sl; sample.

Table S9 The binding energy and full width half maximum values obtained from fitting the core
level XPS spectrum of Sn** and comparison with values from the literature for SnS.

Sn Measured Literature™
Binding Energy FWHM Binding Energy FWHM
(eV) (eV)
Sn 3d 5/2 485.82 1.05 485.57 0.81
Sn 3d 3/2 494.23 1.05 493.98 -
A=28.41 A=8.41
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UV-Vis Spectroscopy:
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Figure S11 (a) Pseudo absorbance spectra for Snl,, CuSn,Sls, and mixtures of CuSn,Sl; and Snl,.
(b) Pseudo absorbance spectra for Snl, CuSn;Sls, Al,Os, and a mixture of Al,Oz; and Snl..

The diffuse reflectance spectra measured for the CuSn,Sl; sample was shown in the main text.
However, the sample has impurities present in it which makes it difficult to interpret the
absorption data and to obtain the band gap. Cul has a wide band gap of ~3 eV®’ and should not
affect the absorption edge at ~ 500 nm. However, Snl, is known to have a band gap ~2.18 eV,®
hence we need to eliminate the possibility that the absorption edge is coming entirely from the
small amount of Snl, impurity. This can be the case for strongly absorbing impurities in weakly
absorbing sample. To clarify this, we measure absorption spectra for Snls, and two samples with
50 weight percent and 33 weight percent Snl, mixed with the as synthesised CuSn,Sl; sample. We
also measured 2 weight percent of Snl, mixed with Al,O3, which is a wide band gap material with
no absorption in the range we measured, to investigate the contribution to absorption coming
from the presence of a comparable amount of Snl, impurity as present in our samples. These are
shown in Figure S11, plotted as the Kubelka-Munk transformed reflectance.

While Snl, has a larger pseudo-absorbance it is not significantly larger than ‘CuSn,Sl;’ sample. If
the absorption spectrum of CuSn,Sl; sample was entirely coming from 2% Snl, impurity precent,
50 weight percent and 33 weight percent Snl, would have led to huge increases in absorption
which is not observed. The lack of a proportionally large absorbance for pure Snls, and mixed Snl,
and CuSn,Sl; samples eliminates the possibility of absorption coming entirely from Snl,. Notably,
the higher energy (~400 nm) peak present in Snls, while visible, is not prominentin any of the other
three samples. Furthermore, the absorption edge is shifted towards higher wavelengths (lower
energies) in all three samples as compared to Snl,. All of this indicate that while the absorption
edge is influenced (possibly broadened) by the presence of Snly, it is not coming entirely from
Snl,. This is further confirmed by the absorption spectrum of 2% Snl, added to AlLOz, shown in
Figure S11 (b), which gives a much lower absorbance than all the samples with CuSn,Sl; and has
a broad absorption edge consistent with that of pure Snl,. This is still at a slightly lower
wavelength than what is observed in CuSn,Sl;. This suggests that the measured absorption
spectrum is primarily coming from a mixture of CuSn,Sl; and Cu,.35Sns.29S217 and has a band gap
slightly below that of Snl,.
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Electronic band structure calculations:
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Figure S12 The electronic band structure for the ordered phase of CuSn,Sl; calculated for (a) the
experimental structure, and (b) the- relaxed structure using DFT (PBE)+SOC and along the full
path I-C|C,-Y2- I -M»-D |D,-A-T'|L,-T-V> in the Brillouin zone, where the high-symmetry points for
this monoclinic structure reported in reciprocal lattice units are I': (0, 0, 0), C: (0.27, 0.27, 0), C:
(-0.27,0.73, 0), Y2: (-0.5, 0.5, 0), M2: (-0.5, 0.5, 0.5), D:(-0.27, 0.73, 0.5), D,: (0.27, 0.27, 0.5), A:
(0, 0, 0.5), L,: (0, 0.5, 0.5), and V2: (0, 0.5, 0). (c) Depiction of the four segments (in green) that
comprise of the full Brillouin Zone, [-C, C,-Y>- [ -M>_D, D,-A-I, and L,--V,, for CuSn,Sls. The
figure includes views of the three-dimensional Brillouin zone from four different angles, to best
visualise these segments.
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Figure S13 Density of states for the relaxed structure of CuSn,Sl; calculated using DFT(PBE)+SOC.
Left panels: the k resolved DOS showing each elemental contribution. Right panels: The partial
density of states with energy for the corresponding elements. The clear contribution to the VBT

from Cu and | and from Sn to the CBB is seen.
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Figure S14 Comparison of the total density of states as obtained from DFT+SOC and the PBEO
and HSE hybrid functionals, using an experimentally motivated Gaussian broadening of 0.25 eV.
Calculations were performed for the relaxed structure of CuSn,Sls.

Table S10. Comparison of lattice parameters between the reported experimental structure and
the unconstrained volume relaxed structure with DFT (PBE), as well as bandgaps with PBE,

PBE+SOC and Hybrid functionals

Lattice parameters
Structure Method Bandgap (eV)
ad) [ bA) | cA) | «(® | BO) | RO

Experiment 2.2
Experimental | 7.340 | 7.340 | 14.440 | 96.775 | 96.775 | 34.139 PBE 0.962
PBE + SOC 0.891
Unconstrained PBE 1.068
PBE + SOC 0.996

volume | 7785 | 7.875 | 14.887 | 96.987 | 96.987 | 31.809

relaxation with PBEO 2.452
DFT (PBE) HSE 1.793
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Measurement of charge-carrier mobility
Optical-pump Terahertz-probe (OPTP) spectroscopy setup

The OPTP setup used is this work is already described in detail elsewhere.*'* In short, an
amplified Ti:sapphire laser system (Spectra-Physics Spitfire) is providing 800-nm centred
ultrashort laser pulses with 5-kHz repetition and 35-fs pulse duration. The beam is subsequently
splitinto 3 beams: probe, gate and pump. The first beam (probe) is used to generate single-cycle
THz radiation pulses with a spintronic emitter (W/Co4FesoB2o/Pt multilayer film on quartz) via the
inverse spin Hall effect.”® The second beam (gate) is used to detect THz radiation pulses by using
free-space electro-optic sampling (EOS). Detection of the THz pulses with EOS is performed
using a set of a 1-mm-thick (110)-ZnTe crystal, a quarter-wave plate, a Wollaston prism and a pair
of balanced photodiodes. The third beam (pump) is used to photoexcite charge carriers within a
semiconductor. For this, the 800-nm pulses are doubled in frequency with second harmonic
generation in a beta-barium-borate (BBO) crystal to obtain 400-nm pulses. A short-pass filter was
used to filter out the residual 800nm radiation. Subsequently, the semiconductor is photoexcited
with these 400-nm pulses.

Extraction of charge-carrier mobility from optical-pump terahertz-probe spectroscopy

The relative change in the sample transmission of the THz pulse upon photoexcitation may be
written as:

AT E.. —E; _ E,.

T  E,  E
where E, is the transmitted electric field of the terahertz pulse after the photoexcited material,
and E, is the transmitted field after the non-photoexcited sample.

-1, (S1)

For highly absorbing materials, the thickness of the photoexcited layer (d;) is much lower than
the wavelength of the incident THz radiation (d; = 1/a = 1um < Ary,, Wwhere a is the extinction
coefficient of 400nm light). Therefore, equation (S1) may be expanded using the thin-film
approximation, and the following expression can be obtained for the photoconductivity:"'*

goc(ng +ny) AT
_d—l?’
where d; is the thickness of the photoexcited layer, g, is the vacuum permittivity, c is the speed
of light, n; and n, are refractive indexes surrounding the photoexcited layer. In ourcasen; = 1
is the refractive index of vacuum, and n, = 5.1 is the refractive index of the bulk CuSn,SI; pellet
in the THz range, which was measured with THz time-domain spectroscopy (see details below).

Ao(w) = (82)

The effective mobility of charge carriers can be obtained with:

a5 Aod,
eNerp  eMery
where AS= Aad, is the sheet photoconductivity, e is an elementary charge, n,s is the effective
areal density of charge carriers, accounting for the Gaussian intensity profiles of both the optical
pump beam that excites the carriers and the terahertz probe beam, gu is the lower limit of the

(S3)
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electron-hole sum mobility, given that ¢ represents the photon-to-free-charge branching ratio
and therefore ranges between 0 and 1. The value of n.sf is calculated as:
E 1
Merr =% pulse T—(1-R-T), (S4)
photon “leff
where Ejpy 5 is the energy of the photoexcitation pulse, Eppoton is the energy of a corresponding
photon of the central pulse wavelength (4.,.it), R and T are reflection and transmission

coefficients for the central wavelength of the excitation pulse, A.sy is a parameter related to the
effective overlap of excitation and terahertz beams at the sample position. The A, is derived
aS:9,11

T

Aeff = 4n2 ((gump + (zgrobe): (S5)
where {y;; and {1y, are the full width at half maximum (FWHM) of the visible excitation and
terahertz probe beams at the sample position, respectively. Substituting expressions S2, S4, S5
into equation S3 we obtain the final formula for calculating the effective mobility:

(S6)

AT\ 1E T (ump + (-
photon pump probe
= - + — )= .
o1 = —goc(m "2)( T )e Epuse 4n2 (1—R—T)
We note that the sheet photoconductivity signhal measured by OPTP originates from the combined
contributions of photogenerated free electrons and holes. Consequently, the extracted charge-

carrier mobility represents the sum mobility of electrons and holes.
Extraction of THz refractive index with time-domain THz spectroscopy

The extraction of the refractive index of a material in the terahertz range is possible using THz
time-domain spectroscopy (THz TDS)."® To achieve this, two measurements are necessary: the
first measurement is the terahertz pulse profile without a sample in its path (reference), and the
second is the transient passed through the sample. Additionally for samples where the thin-film
approximation is invalid, it is necessary to measure the thickness.'® We first consider the case of
THz pulse propagation along the optical path from the emitter to the detector without a sample
— the reference case. In this case, for the pulse arriving at the detector, the following expression
can be written:

rer(@) = E@)Eo@lenp (), s7)

where Eo(a)) is the electric field of the THz pulse generated by the THz emitter, [ the length of the
optical path, c is the speed of light, and ¢ (w) accounts for the interaction of the THz pulse with
optical elements along the optical path. For a pulse additionally transmitted through a sample
with a complex refractive index (iy(w) = ng + ik):

iw(l—d)
c

. . ingwd
Es(w) = &(w)Ey(w)exp < ) TysTspyexp (T) FPysp(w) (S8)

N
2ifi wd\ 1P
FPij(w) = z [Rijjiexp< T )] (S9)
p=0
Rij = (; — ;) /(71 + 1)) (S10)

Here, d is the thickness of the sample, T, and T, are Fresnel transmission coefficients, R;; are
Fresnelreflection coefficients, FP,, are Fabry—Perot terms with N number of echoes. In (S8-S11)
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indexes i, j and s, v are denoting the medium. For example, s stands for the sample medium and
v for vacuum.

The complex transmission function of the terahertz pulse propagated through the sample can be
obtained as the ratio of (S8) to (S7):

N E, i(ng — Dowd
T(w) = = = TysTspexp | — | FP,g, () (812)
Eref c
In the case of a thick powder pressed into a pellet, the Fabry—Perot reflections can be filtered

out by temporal windowing of the time-domain data. This truncates the Fabry-Perot summation
after one term, i.e. FP,;,(w) =1.Therefore, the expression (S12) transforms into:

T((U) = TysTsyexp (M) ’ (S13)

from which the refractive index (real part) ng(w) and the extinction coefficient k; can be
obtained:

c ~
ng(w) =1+ marg~(T(a))) (S14)
c T(w)
- —_ S
Ks(w) > In T.T| (S15)

where T () is measured experimentally. However, equations (S14) and (S15) are derived
assuming real values of #1; ; when calculating T;; (S11), which is applicable only for low
absorbing samples. For the case of a highly absorbing pellet, such as was measured in this
study, the following system of equations should be used:

ng(w) =1+ é {arg[T(w)] —arg [(ﬁ&]} (S16)

s+ 1)?
(@) =—{in| s | |7 I} 517
Ki(w) =—ln|——=| —In [T (w)|;,
s wd (fig + 1)? (517)
which can be solved numerically. In this work we used a simple fixed-point iteration method"®

for solving (S16)-(S17) using T (w) = E;/E,r measured experimentally. Figure (b) shows the
refractive index of the CuSn,Sl; pellet extracted with the described method.
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Figure S15 (a) THz pulse transient profiles recorded without and with the CuSn,SlI; pellet
(thickness d=0.48 mm) in the beam path. (b) Extracted real (n) and imaginary (k) parts of the
refractive index in the THz range.
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The crystal structures of CuSn2SI3 (solved at 295 K) and Cu0.35Sn5.29S2/7 (solved at 100 K) are
deposited with CSD accession codes 2503028 and 2503027, respectively.

Table S11 Crystal data and structure refinement for the compound CuSn,Sl;from single crystal

XRD

Empirical formula Cul3SSny

Formula weight 713.68

Temperature 295(1) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group C2/m

Unit cell dimensions a=14.0334(5) A o= 90°.
b=4.3091(2) A B=97.089(3)°.
c = 14.4404(5) A v =90°.

Volume 866.55(6) A3

4 4

Density (calculated) 5.470 Mg/m3

Absorption coefficient 18.982 mm-!

F(000) 1216

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.32°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

2.843 t0 30.652°.
-15<=h<=17, -6<=k<=5, -20<=1<=20

9698

1253 [R(int) = 0.0306]
99.9 %

Empirical

0.703 and 0.253

Full-matrix least-squares on F2

1253/0/43

1.079

R1 =0.0204, wR2 = 0.0484
R1 = 0.0246, wR2 = 0.0505
1.030 and -1.537 ¢.A-3




Table S12 Single crystal XRD data for CuSn,Sls. Atomic coordinates and equivalent isotropic
displacement parameters (Az). U(eq) is defined as one third of the trace of the orthogonalized U’

tensor.
X y z U(eq)
11 0.42846(3) 1.000000 0.35494(3) 0.02189(10)
2 0.11979(3) 0.000000 0.19298(3) 0.02386(11)
13 0.37934(3) 0.000000 0.06431(3) 0.02472(11)
Snl 0.37298(3) 0.500000 0.52747(3) 0.02356(11)
Sn2 0.27961(4) 0.500000 0.24249(3) 0.02739(12)
Cul 0.18998(7) 0.000000 0.02713(7) 0.0406(2)
S1 0.21759(10)  0.500000 0.40664(9) 0.0172(3)

Table S13 Anisotropic displacement parameters (A?) for CuSn.Slsfrom single crystal XRD. The
anisotropic displacement factor exponent takes the form: -2i’[ h?a*?U"" + ... + 2 h k a* b* U"].

yll U22 u33 U23 yl3 ul2

Il 0.0221(2) 0.0200(2) 0.02344(19) 0 0.00220(14) 0.000
12 0.0258(2) 0.0236(2) 0.02190(19) 0.000 0.00182(15) 0.000
I3 0.0280(2) 0.0240(2) 0.02243(19) 0.000 0.00437(15) 0.000
Snl 0.0186(2) 0.0248(2) 0.0268(2) 0.000 0.00105(16) 0.000
Sn2 0.0372(3) 0.0259(2) 0.0202(2) 0.000 0.00802(18) 0.000
Cul 0.0439(6) 0.0378(5) 0.0396(5) 0.000 0.0030(4) 0.000
S1 0.0190(7) 0.0191(7) 0.0135(6) 0.000 0.0028(5) 0.000

Table S14 Structural parameters from the Rietveld refinement of the powder XRD data at room
temperature

Empirical Formula CuSnySI;
Crystal System Monoclinic
Space group C2/m(12)

a=14.0369(1) A
b=4.30723(5) A
¢ = 14.4467(1) A
B=197.007(5) °

Unit cell parameters

Cell volume 866.93(1) A3
Density 5.4684(8) g/cm?
Rietveld Ry, 2.47 %

Resp 0.33 %

R, 1.54 %

gof 7.3715

19



Table S15 Atomic coordinates and isotropic displacement parameter from the Rietveld
refinement of the powder XRD data for CuSn,Sl; at room temperature.

Site X y z Occupancy Usiso (A?)
I1 0.42947 1 0.35397 1.0 0.015(1)
12 0.12106 0 0.19262 1.0 0.0211(9)
13 0.37965 0 0.06326 1.0 0.0199(9)
Snl 0.37228 0.5 0.52767 1.0 0.0220(9)
Sn2 0.28012 0.5 0.24248 1.0 0.032(1)
Cul 0.19009 0 0.02529 1.0 0.038(1)
S1 0.21539 0.5 0.41055 1.0 0.018(1)

Table S16 Structural parameters from the Rietveld refinement of the powder XRD data at 100 K.

Empirical Formula CuSn,SI; (100 K)
Crystal System Monoclinic
Space group C2/m (12)
Unit cell parameters a=13.9581(1) A

b =4.28099(3) A
¢ =14.3988(1) A
B =96.8993(5) °

Cell volume 854.17(1) A3
Density 5.5501(8) g/cm?
Rietveld Ry, 2.71 %

Rexy 0.35 %

R, 175 %

gof 7.76

Table S17 Atomic coordinates and isotropic displacement parameter from the Rietveld
refinement of the powder XRD data for CuSn,Sl; at 100 K.

Site X y z Occupancy Uiso(A?)

I1 0.42991 1 0.35380 1.0 0.0027(7)
12 0.12243 0 0.19130 1.0 0.0059(6)
13 0.38102 0 0.06420 1.0 0.0072(6)
Snl 0.37254 0.5 0.52661 1.0 0.0092(7)
Sn2 0.28142 0.5 0.24171 1.0 0.0152(7)
Cul 0.19037 0 0.02411 1.0 0.0105(9)
S1 0.21434 0.5 0.40869 1.0 0.002(1)
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Table S18 Crystal data and structure refinement from single crystal XRD for the compound

Cuo.355n5.29S:l.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>2sigma(I)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

Cuo3s I7 Sz Sns 29

1602.53

100(2) K

0.71073 A

Monoclinic

C2/m

a=14.1572(8) A o=90°.
b=4.3847(2) A B=110.303(7)°.
c=17.1829(11) A y=90°.
1000.36(11) A3

2

5.320 Mg/m3

17.855 mm-!

1355

0.079 x 0.007 x 0.004 mm3
2.528 to 33.511°.
-21<=h<=21, -6<=k<=6, -
26<=1<=26

14206

2007 [R(int) = 0.0707]

99.9 %

Analytical

0.962 and 0.703

Full-matrix least-squares on
F2

2007 /0/60

1.042

R1=0.0287, wR2 = 0.0641
R1=0.0406, wR2 = 0.0699
0.00001(4)

1.791 and -2.181 e.A3
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Table S19 Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (Az x
10°). U(eq) is defined as one third of the trace of the orthogonalized U’ tensor for Cue.3sSNs 29S:l.

X y z U(eq)

1(001) 1106(1) 15000 1264(1) 14(1)
1(002) 4511(1) 5000 2596(1) 18(1)
1(00) 7714(1) 5000 6185(1) 20(1)
Sn(1) 1197(1) 10000 -279(1) 15(1)
Sn(2) 2836(1) 10000 2256(1) 20(1)
1(3) 5000 0 5000 33(1)
Sn(00) 6162(1) 5000 4427(1) 28(1)
S(008) 3034(1) 10000 803(1) 13(1)
Cu(l) 7968(8) 5000 4721(6) 30(3)
Cu(2) 5788(9) 5000 5855(8) 30(4)

Table S20 Anisotropic displacement parameters (A% x 10°) for Cuo.s5Sns.20S217. The anisotropic
displacement factor exponent takes the form: -2i’[ h’a*U"" + ... + 2 h ka* b* U"?]

Ull U22 U33 U23 Ul3 U12
1(001) 12(1) 12(1) 18(1) 0 6(1) 0
1(002) 14(1) 13(1) 23(1) 0 4(1) 0
1(00) 23(1) 21(1) 19(1) 0 9(1) 0
Sn(1) 10(1) 15(1) 22(1) 0 6(1) 0
Sn(2) 26(1) 19(1) 19(1) 0 12(1) 0
1(3) 24(1) 20(1) 61(1) 0 22(1) 0
Sn(00) 26(1) 30(1) 27(1) 0 8(1) 0
S(008) 11(1) 12(1) 14(1) 0 5(1) 0
Cu(1) 33(6) 36(6) 20(5) 0 9(4) 0
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