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S1. SYNTHESIS AND THERMOCHEMICAL PROPERTIES

A. Differential scanning calorimetry

Thermodynamical stability of the samples was analyzed by differential scanning calorimetry (DSC) on a Setaram
Labsys ATD-DSC device with a k-probe thermocouple (Ni-Cr/Ni-Al; Tmax = 800 ◦C) and Al2O3 as a reference
substance. Heating and cooling rates of 2 K/min were employed. The specimen was sealed off in an evacuated silica
ampule and exposed to two consecutive heating-cooling cycles from room temperature to 800 ◦C and back.
The first investigated sample was commercially purchased Sb2Te3 (ABCR, 99.999 %). The experimental results

could be straightforwardly interpreted according to the Sb–Te phase diagram in [1]. We observed a strong exothermic
signal at 600◦ C in the heating curves which corresponds to melting of Sb2Te3, and a weak signal at 402◦ C most which
most likely corresponds to the solidus line in the eutectic Sb2Te3–Te system. It is worth noting that the temperatures
obtained in our experiment are ca. 20 K lower than the corresponding ones in [1], i.e. 617.7 and 422 ◦C. All phase
transformations are reversible: there is no noticeable change between the first and second DSC run. Appearance of
some pure Te admixture in the PXRD after the DSC experiment is consistent with the signal at 402◦ C. The refined
lattice parameters of Sb2Te3 are a = 4.2729(2), c = 30.497(1) Å.
The second DSC experiment was conducted on a so called “reaction” mixture of the elements taken in the molar

ratio Mn:Sb:Te = 1 : 2 : 4 (Fig. S1). In the heating curve of the first cycle, a reaction between the constituents
likely takes place at 300 − 360 ◦C which is marked out by a broadened feature. It may correspond to the formation
of MnSb2Te4 which melts at 645 ◦C as seen from the dominant, sharp signal. This signal is reproduced in all curves
of both cycles. The second exothermic peak, appearing at 622 − 625 ◦C in the cooling curve of the first run and
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both curves of the second run, was assigned to Mn-doped Sb2Te3 which is observed in the PXRD after the DSC
experiments. The assumption of the Mn-doping into Sb2Te3 is made based both on the EDS results and on increased
melting temperature by ca. 10 K in contrast to pristine Sb2Te3. The origin of the weak signal at 660 ◦C remains
unclear. It cannot be assigned to the known phase equilibria in the Mn–Te system either. The PXRD patterns after
two repeated DSC experiments show that the amount of Sb2Te3 in the phase mixture is steadily increasing (Fig. S1),
while the MnSb2Te4 fraction is dropping down. It indicates that the MnSb2Te4 phase melts incongruently at 645 ◦C.
This hypothesis was further tested on the phase-pure polycrystalline MnSb2Te4 samples with slightly varying Mn
content (from Mn0:8Sb2Te4 to Mn1:1Sb2Te4). They demonstrated a similar melting signal between 636 and 645 ◦C,
depending on Mn content (higher content results in a higher melting point).
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(a) DSC experiment, first heating and cooling run.

(b) DSC experiment, second heating and cooling run.

(c) PXRD of the DSC sample after the first (magenta curve) and second (black curve) DSC experiment (Malvern
Panalytical Empyrean 3 diffractometer, copper radiation (� = 1:54059 Å), Bragg-Brentano geometry). The phase
mixture contains MnSb2Te4 , Sb2Te3 and MnTe.

FIG. S1: DSC analysis of the stoichiometric mixture of the elements Mn:Sb:Te = 1:2:4.
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In parallel with our studies, a study exploring the phase equilibria in the MnTe–Sb2Te3 system was published [2].
Notably, this work was done on the mixture of binary precursors, Sb2Te3 and MnTe, and paid a great deal of attention
to achieving the thermodynamic equilibrium: The samples were molten at 850 ◦C and then long-term annealed at
the desired temperature for 8 weeks. In comtrast to this work, our findings may not fully represent the ultimate
thermodynamic equilibrium in the system, and can be influenced by kinetics.

It is interesting to compare our findings with [2] to draw some conclusion. First of all, the conclusion of the
incongruent melting at ca. 640− 650 ◦C is captured in both this and earlier published work.

Second, they find compelling evidence for the existence of MnSb4Te7 (analogue of MnBi4Te7), which encouraged our
several attempts to obtain this phase. However, all our experiments with the 1:4:7 compositions have not yielded any
indication for MnSb4Te7. Our DSC “reaction” experiment of the elemental mixture taken the molar ratio Mn:Sb:Te
= 1 : 4 : 7 revealed three endothermic signals in the heating curve that we attributed to the peritectic equilibrium
between Sb2Te3 and SbTe (580 ◦C), to the melting points of Sb2Te3 (617 ◦C) and MnSb2Te4 (642 ◦C). The cooling
curve shows the crystallization of MnSb2Te4 and Sb2Te3, whereas Sb2Te3 is the dominant phase. The phase fractions
are well reflected by the PXRD pattern, with Sb2Te3 amounting to ca. 60 % of the mixture, MnSb2Te4 to 30 %, and
MnTe2 to 10 %. Likely, the formation of MnSb4Te7 from the elements or binaries is, therefore, kinetically hindered
at the applied conditions.

Third, their study does not mention any DSC signals at 660 − 670 ◦C and associated phase transformations. In
contrast to that, all our DSC experiments on the 1:2:4 compositions reproducibly demonstrate this effect on cooling
and heating curves alike. It might be attributed to reactions involving a Mn-filled MST, in particular, given the
products in samples C1, C2 (see below), but for now we have not gathered compelling evidence.
Forth, the published study finds a substantial homogeneity range for MnSb2Te4 on the Mn-deficient side, and

observes the lowering of the melting point with diminishing Mn content. Our own results on polycrystalline
MnSb2Te4 samples with slightly varying Mn content (out of scope of this work) also confirm this observation.

B. Sample preparation

This subsection gives further details about the synthetic procedures and PXRD analysis of the samples discussed
in the main text.

Series A. Sample A1 was annealed at 630 ◦C for 36 h, then cooled down at the rate of 0.1 ◦C/h to 620 ◦C
and dwelled for 24 h, before being water-quenched. The product was mostly polycrystalline with small crystals up
to 0.4 × 0.3 mm2, whose EDS analysis yielded only Mn-doped Sb2Te3 with 2.7(7) − 3.4(5) at. % Mn, and slightly
off-stoichiometric Mn0:84Sb2:13Te4 and Mn0:93Sb2:02Te4.
Sample A2 was kept at 630 ◦C for 24 h, then cooled down to 615 ◦C at 0.1 K/h and annealed for 48 h.
Sample A3 was obtained by holding at 645 ◦C for 36 h, slow cooling down to 630 h, at which it was kept for 24 h.

TABLE S1: Estimated phase composition for the A sample series. MST124 abbreviates Mn1−xSb2+xTe4. The main
phase indicated in bold.

Sample label Phase composition

A1

Sb2Te3 (50 wt. %) a = 4:2488(1); c = 30:470(1) Å,
MST124 (35 wt. %) a = 4:2444(1); c = 40:900(3) Å,

Mn-filled MST(15 wt. %) a = 4:1987(2); c = 41:192(4) Å,
GoF = 1.6, Rp = 4:4 %, wRp = 6:2 %

A2

MST124 (50 wt. %) a = 4:2317(1); c = 40:823(2) Å,
Sb2Te3 (40 wt. %) a = 4:2393(1); c = 30:491(2) Å,

Mn-filled MST (10 wt. %) a = 4:1906(4); c = 41:145(5) Å,
GoF= 2.6, Rp = 4:5 %, wRp = 7:2 %

A3

Sb2Te3 (70 wt. %) a = 4:2434(1); c = 30:430(1) Å,
MST124 (25 wt. %) a = 4:2402(1); c = 40:820(3) Å,

Mn-filled MST (5 wt. %) a = 4:1958(2); c = 41:178(5) Å,
GoF = 3.9, Rp = 4:6 %, wRp = 7:0 %

Series B. In addition to the crystals of the Mn-filled MSTmentioned in the main text, EDS identified the following
phases in the B series crystals.
Sample B1 also contained Mn0:92Sb2:11Te4 (13.1(4) at. % Mn, 30.0(4) at. % Sb, 56.9(4) at. % Te) and Mn-doped

Sb2Te3.
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Sample B2 also contained Mn0:79Sb2:17Te4 (11.4(8) at. % Mn, 31.3(8) at. % Sb, 57.6(9) at. % Te) and Mn-doped
Sb2Te3 (with 3.2(7)− 3.3(8) at. % Mn).

(a) Sample B1: The Bragg reflections are refined by the Le Bail method as Sb2Te3 (45 wt. %) a = 4.2586(1), c = 30.512(2)
Å, MnSb2Te4 (35 wt. %) a = 4.2484(1), c = 40.967(2) Å, Mn-filled MST (20 wt. %) a = 4.2127(1), c = 41.381(4) Å. GoF =
3.2, Rp = 3:9 %, wRp = 5:8 %.

(b) Sample B2: The Bragg reflections are refined by the Le Bail method as Sb2Te3 (45 wt. %) a = 4.2574(1), c = 30.522(2)
Å, MnSb2Te4 (35 wt. %) a = 4.2465(1), c = 40.969(2) Åand Mn-filled MST (20 wt. %) a = 4.2104(2), c = 41.352(2) Å. GoF
= 2.5, Rp = 3:6 %, wRp = 5:3 %.

FIG. S2: Experimental (black) and refined (orange) powder X-ray diffraction pattern refined by Le Bail method as a
method of the samples B1 and B2 in the 2 theta range 10°–35°.The difference curve is shown in blue.
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TABLE S2: Estimated phase composition for the B sample series. MST124 abbreviates Mn1−xSb2+xTe4. The main
phase(s) indicated in bold.

Sample label Phase composition

B1

Sb2Te3 (45 wt. %) a = 4:2586(1); c = 30:512(2) Å,
MST124 (35 wt. %) a = 4:2484(1); c = 40:967(2) Å,

Mn-filled MST (20 wt. %) a = 4:2127(1); c = 41:381(4) Å,
GoF= 3.2, Rp = 3:9 %, wRp = 5:8 %

B2

Sb2Te3 (45 wt. %) a = 4:2574(1); c = 30:522(2) Å,
MST124 (35 wt. %) a = 4:2465(1); c = 40:969(2) Å,

Mn-filled MST (20 wt. %) a = 4:2104(2); c = 41:352(2) Å,
GoF = 2.5, Rp = 3:6 %, wRp = 5:3 %

B3

Sb2Te3 (40 wt. %) a = 4:2488(1); c = 30:470(1) Å,
MST124 (35 wt. %) a = 4:2444(1); c = 40:900(3) Å,

Mn-filled MST (25 wt. %) a = 4:1987(2); c = 41:192(4) Å,
GoF = 3.3, Rp = 4:2 %, wRp = 6:1 %

Samples with varying stoichiometry on the Mn-richer side. Samples with a molar ratio of Mn:Sb:Te
= 3 : 2 : 6 were annealed at 635 ◦C for 7 and 15 days (blue and magenta curves in FIG. S3, respectively), and at 615
◦C for 5, 10 or 16 days (not shown). PXRD analysis showed that the products were mixtures of MnTe, Sb2Te3, and
MnSb2Te4. Small crystals (up to 0.3× 0.15 mm2) found in the samples were identified as MnTe by EDS.

FIG. S3: PXRD of two polycrystalline samples with an initial composition of Mn:Sb:Te = 3:2:6. The Bragg reflections
of the first sample (magenta curve) are refined by the Le Bail method as MnTe (45 wt. %) with a = 4.14750(4), c =
6.7151(2) Å, Sb2Te3 (35 wt. %) with a = 4.2391(1), c = 30.396(1) Å, and MnSb2Te4 (20 wt. %) with a = 4.2327(1), c =
40.822(2) Å. GoF= 3.3, Rp = 4.2 %, wRp = 6.3 %. The Bragg reflections of the second sample (black curve) are

refined by the Le Bail method as Sb2Te3 (40 wt. %) with a = 4.2485(2), c = 30.242(4) Å, MnTe (35 wt. %) with
a = 4.1496(1), c = 6.7180(4) Å, and MnSb2Te4 (25 wt. %) with a = 4.2364(2), c = 40.870(3) Å. GoF = 2.1, Rp = 3.2
%, wRp = 5.1 %.

A mixture of the elements taken in a molar ratio Mn:Sb:Te = 1.2 : 1.8 : 4 was tempered at 630 ◦C (24 h) and
then cooled to 615 ◦C at a rate of 0.1 K/h. According to the PXRD analysis (FIG. S4), the sample contained the
same phase mixture as the B series. The reflections of MnSb2Te4 and Mn-filled MST overlapped significantly, making
it difficult to distinguish between them. However, the presence of the reported phase was inferred from the poor
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peak-shape fitting when excluded, and was further confirmed by independent EDS results.
Crystals from this sample (sizes up to 0.3×0.2 mm2) had two different morphologies: 1) faceted, almost octahedral

ones with the highest Mn content so far 28.8(6) at. % Mn, 17.2(8) at. % Sb, 54.0(5) at. % Te; 2) layered crystals are
were largely the result of intergrowth between the Mn-filled MST and MnSb2Te4 (see quantitative analysis below).
Occasionally, crystals of MnTe and Mn-doped Sb2Te3 were also identified.

FIG. S4: PXRD of the polycrystalline sample with an initial composition of Mn:Sb:Te = 1.2:1.8:4. The Bragg
reflections are refined by the Le Bail method as Sb2Te3 (45 wt. %) with a = 4.2472(1), c = 30.450(2) Å, Mn-filled
MST (30 wt. %) with a = 4.1997(3), c = 41.157(6), and MnSb2Te4 (25 wt. %) with a = 4.2390(2), c = 40.843(4).

GoF = 4.3, Rp = 5.0 %, wRp = 7.6 %.

Out of 24 measured crystals, only two had homogeneous Mn distribution across the surface with an average
composition: 28.8(6) at. % Mn, 17.2(8) at. % Sb, 54.0(5) at. % Te. Individual crystals of the Mn-filled MST had very
well-defined faceted shape (FIG. 3 in the main text). 13 crystals were intergrown Mn0:98Sb2:05Te4 (14(1) at. % Mn,
29.2(9) at. % Sb, 57(1) at. % Te) and the Mn-filled MST, in which the Mn content varied up to 11 at. %: from 19.5
at. % Mn, 24.3 at. % Sb, 56.2 at. % Te to 30.2 at. % Mn, 15.2 at. % Sb, 53.9 at. % Te). 4 crystals had an average
composition MnSb2:18Te4 (13.6(8) at. % Mn, 29.8(6) at. % Sb, 54.6(7) at. % Te). Further 4 crystals were intergrown
MnSb2:06Te4 (14.1(5) at. % Mn, 29.2(6) at. % Sb, 56.7(3) at. % Te) and Mn-doped Sb2Te3 (3.4(4) at. % Mn, 37.7(3)
at. % Sb, 58.9(3) at. % Te). Just one crystals was an integrowth of the Mn-filled MST (28.0 at. % Mn, 18.2 at. % Sb,
53.8 at. % Te) and Mn-doped Sb2Te3 (4.1(5) at. % Mn, 37.3(3) at. % Sb, 58.6(4) at. % Te), and another one crystal
was an intergrowth between MnTe and the Mn-filled MST (28.1 at. % Mn, 17.8 at. % Sb, 54.1 at. % Te).

The next experiment with a slightly modified starting ratio of 1.34:1.76:4, which is closer to the utmost Mn-rich
compositions observed by EDS, was tempered at the same conditions and resulted in MnTe as the major phase (90
wt.%) as well as MnSb2Te4 (FIG. S5). Apparently, this point in the Mn–Sb–Te phase diagram leads to another
equilibrium state than the one above, and the Mn excess manganese is removed though the crystallization of MnTe
crystals (up to 0.2× 0.1 mm2) similar to the series with the 3:2:6 composition (see main text).

Series C. It consisted of 8 samples with a starting composition of Mn:Sb:Te = 1:4:7 that were first heated up to
700 ◦C and kept for 36 h, then cooled down at 0.1 K/min to a given end temperature in the range between 660 ◦C
and 580 ◦C with the steps of 10 K, held at this constant temperature for 14 days and, finally, water-quenched. The
PXRD results and analysis are given in FIG. S6 and Table S3.

EDS results from 55 crystals in the C1 sample (based on 4 − 12 points per crystal) showed that 46 belonged
to the Mn-filled MST, with an average composition of 29.4(13) at. % Mn, 16.9(14) at. % Sb, 53.7(23) at. % Te.
Two crystals had even higher Mn content, averaging 31.5(5) at. % Mn, 15.3(2) at. % Sb, 53.2(6) at. % Te. Three
crystals were Mn0:95Sb2:1Te4 (13.5(8) at. % Mn, 29.8(9) at. % Sb, 56.7(4) at. % Te), three were Sb2Te3 and one was
MnTe. Additionally, five intergrowths of Mn0:94Sb2:1Te4 (13.3(10) at. % Mn, 29.9(8) at. % Sb, 56.8(9) at. % Te) and
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FIG. S5: PXRD of the polycrystalline sample with an initial composition of Mn:Sb:Te = 1.34:1.76:4. The Bragg
reflections are refined by the Le Bail method as MnTe (90 wt. %) with a = 4.14508(4), c = 6.7100(1) Å, and

MnSb2Te4 (10 wt. %) with a = 4.2738(4), c = 40.869(8) Å. GoF = 2.1, Rp = 5.1 %, wRp = 6.6 %.

Mn-doped Sb2Te3 (3.9(12) at. % Mn, 36.5(10) at. % Sb, 59.6(8) at. % Te) were found.
For the C2 sample, EDS results from 30 crystals (based on 4 − 15 point measurements per crystal) identified 23

occurrences of the Mn-filled MST with an average composition of 29.0(8) at. % Mn, 17.3(5) at. % Sb, 53.7(4) at. %
Te. Moreover, four crystals were Mn-doped Sb2Te3 (3.2(5) at. % Mn, 38.2(6) at. % Sb, 58.6(7) at. % Te), two were
MnSb2:1Te4 (14.5(10) at. % Mn, 29.8(10) at. % Sb, 56.7(3) at. % Te) and one was Sb2Te3.
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FIG. S6: PXRD of the C sample series. C3 is a black curve, C4 is a magenta curve, C5 is a blue curve, C6 is a teal
curve, C7 is a yellow curve, C8 is a green curve.

TABLE S3: Estimated phase composition for the C sample series. MST124 abbreviates Mn1−xSb2+xTe4. The main
phase(s) is indicated in bold.

Sample code, end temperature Phase composition

C1

Sb2Te3 (75 wt. %) a = 4:2455(1); c = 30:441(1) Å,
MST124 (15 wt. %) a = 4:2422(1); c = 40:848(3) Å,

Mn-filled MST (10 wt. %) a = 4:1952(2); c = 41:156(5) Å,
660 �C GoF = 2.7, Rp = 3:3 %, wRp = 4:9 %

C2

Sb2Te3 (80 wt. %) a = 4:2450(1); c = 30:438(1) Å,
MST124 (15 wt. %) a = 4:2418(1); c = 40:830(3) Å,

Mn-filled MST (5 wt. %) a = 4:1961(2); c = 41:261(6) Å,
650 �C GoF = 2.8, Rp = 3:9 %, wRp = 5:4 %

C3
MST124 (55 wt. %) a = 4:23906(5); c = 40:850(1) Å,
Sb2Te3 (45 wt. %) a = 4:24651(9); c = 30:446(1) Å,

640 �C GoF = 2.4, Rp = 3:3 %, wRp = 4:6 %

C4
Sb2Te3 (65 wt. %) a = 4:2461(1); c = 30:443(1) Å,
MST124 (35 wt. %) a = 4:2427(1); c = 40:856(1) Å,

630 �C GoF= 2.7, Rp = 3:7 %, wRp = 5:2 %

C5
MST124 (70 wt. %) a = 4:24737(4); c = 40:896(1) Å,

Sb2Te3 (30 wt. %) a = 4:2493(1); c = 30:475(1) Å,
620 �C GoF = 1.7, Rp = 2:8 %, wRp = 3:7 %

C6
Sb2Te3 (65 wt. %) a = 4:2522(1); c = 30:486(2) Å,
MST124 (35 wt. %) a = 4:2496(1); c = 40:926(3) Å,

610 �C GoF = 5.9, Rp = 7:8 %, wRp = 11:1 %

C7
Sb2Te3 (50 wt. %) a = 4:2498(1); c = 30:463(3) Å,
MST124 (50 wt. %) a = 4:2462(1); c = 40:911(3) Å,

590 �C GoF = 5.6, Rp = 6:8 %, wRp = 9:6 %

C8

Sb2Te3 (80 wt. %) a = 4:2476(1); c = 30:442(2) Å,
MST124 (20 wt. %) a = 4:2436(1); c = 40:854(4) Å,

small admixture of MnTe a = 4:1624(7); c = 6:685(2) Å,
580 �C GoF = 5.7, Rp = 7:6 %, wRp = 10:7 %
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S2. CRYSTAL-STRUCTURE DETERMINATION

TABLE S4: Crystallographic data and refinement details for Mn1.90(1)Sb1.39(1)Te4, performed with HKLF 5 dataset
constructed from all observations involving the domains 1 and 2. The refinement results of a model with Sb in the
van der Waals gap (instead of Mn) are given in bold brackets if not identical. The residual values of the Sb-model
are slightly lower but the difference peaks increase and the composition does not agree with our EDS results.

Sample Mn1.90(1)Sb1.39(1)Te4 (Mn1.61(1)Sb1.26(1)Te4)

Composition [at. %] 26 (Mn); 19 (Sb); 55 (Te) (23 (Mn); 18 (Sb); 58 (Te))

Formula weight [g mol−1] 783.61

Temperature [K] 100(2)

Wavelength [pm] 71.073 (Mo-K�)

Crystal system Trigonal

Space group R3̄m (no. 166)

Unit cell dimensions

a [pm] 418.62(1)

c [pm] 44143.1(1)

Z 3

Density (calculated) [g/cm3] 6.208

Absorption coefficient � [mm−1] 20.782

F (000) 979

Crystal size [mm3] 0.087 0.086 0.031

� range for data collection [deg] 2.950 to 40.245

Index ranges �7 � h � 3; 0 � k � 7; 0 � l � 75

Reflections collected [I>3�(I )] 49324

Independent reflections 1314

Rint [I>3�(I )] (4 domains) 0.0547

Twin fractions 0.301(1), 0.203(1), 0.174(1), 0.171(1)

(0.301(1), 0.204(1), 0.176(1), 0.170(1)

Completeness to � = 25.242� 96.8 %

Absorption correction Semi-empirical from equivalents

Refinement method Full-matrix least-squares on F 2

Data / restraints / parameters 1314 / 0 / 18

Goodness-of-fit on F 2 1.454 (1.429)

Final R indices [I >2�(I )] R1 = 0.0208 (0.0208) wR2 = 0.0641 (0.0630)

R indices (all data) R1 = 0.0215 (0.0216) wR2 = 0.0646 (0.0626)

Largest diff. peak 3.737 (4.934) and

and hole [e 10–6 pm–3] −3.133 (−4.439)

TABLE S5: Wyckoff positions, fractional atomic coordinates, equivalent isotropic displacement parameters (in pm2

× 10−1) and occupancy for the atoms in Mn1.90(1)Sb1.39(1)Te4. U eq is defined as one third of the trace of the
orthogonalized U ij tensor.

Atom W.p. x y z U eq Occupancy

Te(01) 6c 1
3

2
3
0.0386(1) 11(1) 1

Te(02) 6c 0 0 0.1259(1) 10(1) 1

Mn(03) 6c 2
3

1
3
0.0773(1) 12(1) 0.433(9)

Sb(03) 6c 2
3

1
3
0.0773(1) 12(1) 0.567(9)

Mn(04) 3b 1
3

2
3

1
6

9(1) 0.75(1)

Sb(04) 3b 1
3

2
3

1
6

9(1) 0.25(1)

Mn(05) 3a 0 0 0 9(1) 0.29(1)
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TABLE S6: Anisotropic displacement parameters (pm2 10−1) for Mn1.90(1)Sb1.39(1)Te4. The anisotropic displacement

factor exponent takes the form: −2π2[ha2U 11 + ... + 2hkabU 12]. For all atoms U 13 = U 23 = 0.

Atom W.p. U 11 U 22 U 33 U 12

Te(01) 6c 9(1) 9(1) 15(1) 4(1)

Te(02) 6c 10(1) 10(1) 11(1) 5(1)

Mn(03) 6c 9(1) 9(1) 18(1) 4(1)

Sb(03) 6c 9(1) 9(1) 18(1) 4(1)

Mn(04) 3b 9(1) 9(1) 7(1) 5(1)

Sb(04) 3b 9(1) 9(1) 7(1) 5(1)

Mn(05) 3a 9(1) 9(1) 7(1) 5(1)

TABLE S7: Selected interatomic distances of Mn1.90(1)Sb1.39(1)Te4 (in pm).

Atom 1 Atom 2 Distance

Te(01) Mn(03) / Sb(03) 290.07(6)

Mn(05) 289.85(6)

Te(02) Mn(03) / Sb(03) 314.6(1)

Mn(04) / Sb(04) 294.76(4)

FIG. S7: Labelled atoms and interatomic distances of Mn1.90(1)Sb1.39(1)Te4. In the model, Mn03/Sb03 is slightly
shifted towards Te01, probably the attempt to maximize the distance to the nearest (fully occupied) anionic position .
The interlayer distances between adjacent Te layers display an increase for the higher Sb occupancy in the outer layer
(361.8(1) pm, Te01–Te02) compared to the central layer (337.5(1) pm, Te02–Te02). The smallest interlayer distance
is found for the “gap” (320.0(1) pm, Te01–Te01), further validating the filling of the voids with Mn instead of Sb and
also a result of the incomplete occupation.
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FIG. S8: Calculated PXRD pattern for Mn2Sb2Te4 and MnSb3Te4 model structures with completely filled vdW
gaps by either Mn (black) or Sb (red). Certain indicated reflections show significant intensity differences that would
allow to distinguish between the two structures. However, since the gap is only partially occupied in our material,
complementary analytical tools such as EDS are required for the experimental structure.

TABLE S8: Symmetry transformations used to generate equivalent atoms:

1) x, y+1, z 2) x+1, y+ 1, z 3) x−1, y, z
4) x, y−1, z 5) x−1, y−1, z 6) x+1, y, z
7) −x+ 2

3
, −y+ 4

3
, −z+ 1

3
8) −x− 1

3
, −y+ 1

3
, −z+ 1

3
9) −x+ 2

3
, −y+ 1

3
, −z+ 1

3
10) −x, −y+1, −z 11) −x, −y, −z 12) −x+1, −y+1, −z

composition [at. %]
Label Mn Sb Te
8941 26.5 18.6 54.9
8942 26.4 18.4 55.2
8943 26.6 18.2 55.1
8944 24.9 18.5 56.6

Average 26.1 18.4 55.5
Deviation 0.8 0.1 0.8

FIG. S9: EDS analysis of the crystal used for the SCXRD experiment. The elemental composition verifies the results
obtained from the refined diffraction data.
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TABLE S9: Table with selected interatomic and interlayer distances of literature models. Our model (1) is much
closer to the model by Sahoo et al. with Sb in the gap than to the models with an empty gap. [3] Particularly, the
increase Te01–Te01 distance in the filled models is a result of the interstitial atoms in the gap.

Composition Mn1.11Sb1.90Te4 [4] Mn0.94Sb2.07Te4 [3] Mn2.01Sb1.19Te4 [3] Mn1.90Sb1.39Te4 (1)
Atom in gap none none Sb Mn

Interatomic distances [pm]
Te(01)−Mn(03) 320.33(8) 320.9(1) 290.3(1) 290.07(6)
−Sb(03) 320.33(8) 320.9(1) 290.3(1) 290.07(6)
−Mn(05)/Sb(05) 291.7(1) 289.85(6)
Te(02)−Mn(03) 292.92(1) 293.87(1) 312.2(2) 314.6(1)
−Sb(03) 292.92(1) 293.87(1) 312.2(2) 314.6(1)
−Mn(04) / Sb(04) 296.12(1) 298.13(1) 295.5(1) 294.76(4)

Interlayer distance [pm]
Te01-01 (gap) 289.7 286.06 324.63 320.01
Te01-02 368.59 368.93 356.53 361.77
Te02-02 (center) 334.42 339.16 337.97 337.47

FIG. S10: Ewald’s sphere projection of the four-component twin. The four different colours indicate reflection
belonging to different twin domains. Reciprocal space is seen along the c direction of the green domain. Certain spots
coinciding with the corners of the reciprocal lattice are part of multiple twin domains but were attributed to a single
one for simplicity. A similar pattern of reflection rows connecting the overlapping spots as seen in the precession
image can be seen. Due to projection of the three-dimensional sphere on the two-dimensional image plane, extinction
conditions can no longer be seen.
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TABLE S10: Comparison between cubic and rhombohedral cell. The composition of the cubic cell was adjusted
to be identical to the rhombohedral cell (and as confirmed by EDS). To account for the completely filled gap, the
Mn02/Sb02 site is not fully occupied. Remarkably, the residual values of the cubic solution are only slightly worse
and even show a lower residual electron density. Nevertheless, a detailed study of the precession images negates this
structure solution. The larger cubic unit cells can not be refined reliably and are therefore neglected here.

Mn1.90(1)Sb1.39(1)Te4 rhombohedral cubic
Space group R3̄m (no. 166) Fd3̄m (no. 225)
Unit cell dimensions
a [pm] 418.62(1) 590.219(2)
c [pm] 4143.1(1)
V [106 pm3] 628.77(3) 207.67(1)
Z 3 1
Index ranges −7 � h � 3 −9 � h � 9

0 � k � 7 −9 � k � 9
0 � l � 75 −9 � l � 9

Rint [I>3�(I )] 0.0547 0.0422
Goodness-of-fit on F 2 1.454 0.8916
R1 0.0215 0.0405
wR2 0.0646 0.0874
Largest diff. peak 3.737 2.2965
and hole [e 10–6 pm–3] −3.133 −2.0335

TABLE S11: Wyckoff positions, fractional atomic coordinates, equivalent isotropic displacement parameters (in pm2

10−1) and occupancy for the atoms in Mn1.90(1)Sb1.39(1)Te4 refined in the cubic cell. U eq is defined as one third of
the trace of the orthogonalized U ij tensor.

Atom W.p. x y z U eq Occupancy
Te(01) 4a 1

2
0 1

2
14(1) 1

Mn(02) 4b 0 0 0 22(1) 0.47(3)
Sb(02) 4b 0 0 0 22(1) 0.35(3)
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