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Supporting Figure 1. Raman spectroscopy of SnS flakes and SnS-SnS2 heterostructures. (a) Optical
microscopy of an SnS flake. (b) Raman linescan across the SnS flake (line in (a)), showing the
characteristic Raman-active modes of SnS. (c) Optical microscopy of an SnS-SnS: wrap-around
heterostructure, grown from SnS: precursor. (d) Raman linescan across the SnS-SnS2 heterostructure
(line in (c)). (e) Average of the individual Raman spectra along the linescan across the SnS-SnS:
heterostructure (shown in (d)). (f) Average Raman spectrum across the SnS-SnS: heterostructure
following background subtraction (red line in (e)). The mode at ~256 cm™ is due to residual signal from
the mica substrate (also visible with higher intensity outside the SnS-SnS: flake), whereas the mode at
~306 cm™' originates from the thin SnS2 shell covering the top of the flake.
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Supporting Figure 2. TEM imaging and nanobeam electron diffraction analysis of SnS-GeS
heterostructures. (a) Plan-view TEM image obtained near the interface between the SnS seed covered by
a thin (few-layer) GeS stack and the laterally attached GeS band (see Figure 2, main text). (b) Nanobeam
electron diffraction pattern obtained within the SnS-GeS vertical stack, showing multiple reflections along
the (100) axis, i.e., the direction with substantial (~10%) in-plane lattice mismatch between SnS and GeS
while no extra spots appear along the (010) axis where the mismatch is negligible. (c) Nanobeam electron
diffraction within the laterally attached GeS edge band, showing a single-phase GeS diffraction pattern.
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Supporting Figure 3. Raman spectroscopy of SnS-GeS heterostructures. (a) Optical microscopy of an
SnS-GeS heterostructure with thick GeS coverage. (b) Raman linescan across the SnS flake (line in (a)),
showing the characteristic Raman-active modes of SnS. (c) Schematic of the SnS-GeS heterostructure
with thick GeS vertical layer stack. (d) Optical microscopy of an SnS-SnS:2 wrap-around heterostructure,
grown from SnS: precursor. (e) Raman linescan across the SnS-SnS: heterostructure (line in (d)). (f)
Schematic of the SnS-GeS heterostructure with thin GeS vertical stack.
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Supporting Figure 4. Cathodoluminescence of SnS-GeS lateral heterostructures with small SnS seed
crystals and narrow GeS rims. (a) HAADF-STEM image of a SnS-GeS heterostructure. (b) Panchromatic
STEM-CL map of the heterostructure shown in (a). (c) Hyperspectral STEM-CL linescan along the line
shown in (a), illustrating the fringe pattern due to interference of edge-reflected waveguide modes
reaching up to ~2 ym into the interior of the flakes.
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Supporting Figure 5. Thickness calibration on SnS-GeS heterostructures based on beam-current
attenuation measurements on GeS nanowires (see also Supporting Figure 3). (a) HAADF-STEM image of
a SnS-GeS heterostructure with local beam-current measurements. The current of the unattenuated
electron beam in vacuum is 378 pA, while transit through GeS and SnS causes an attenuation of the
measured beam current that scales with the thickness of the flakes. The thickness of the vertical SnS-
GeS heterostructure near the center is estimated based on beam-current attenuation measurements in
the pure GeS rim and taking into account the morphology of the heterostructures determined by atomic
force microscopy (AFM). (b) Tapping mode AFM image of a representative SnS-GeS heterostructure. (c)
Thickness profile extracted along the dashed line in (b). Note the ~20 nm elevated thickness due to
combined lateral and vertical GeS growth near the edge, leading up to a GeS overlayer thickness that is
reduced to a few nm in the central region.
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Supporting Figure 6. Thickness calibration on SnS-GeS heterostructures based on beam-current
attenuation measurements on GeS nanowires. (a) Plot of beam-current attenuation measurements on
GeS nanowires with different diameters (gray squares) along with beam-current measurements on SnS-
GeS heterostructures, pure SnS flakes, and SnS-SnS: wrap-around core-shell heterostructures (round
symbols). The calibration on nanowires with different diameters allows the measured electron beam
current on the pure GeS rim of SnS-GeS heterostructures (see Supporting Figure 2) to be translated into
thickness of the rim (162 nm, blue dot). From AFM imaging (see, e.g., Supporting Figure 2 (c)) we find
that the rim is typically ~20 nm thicker than the vertical SnS-GeS stack near in the central region. This
yields the center thickness of the vertical SnS-GeS heterostructure (142 nm, brown/blue dot) analyzed by
STEM-CL (Figure 5 (d)-(f), main text). Since the SnS-GeS vertical stack consists primarily (~95%) of SnS,
this also yields a good estimate for the beam-current attenuation of homogeneous SnS flakes and SnS-
SnS:2 core-shell heterostructures. Using this calibration, we find that the samples analyzed by STEM-CL
have thickness of 152 nm (homogeneous SnS flake, brown dot; see Figure 4, main text) and 203 nm
(SnS-SnS:2 core-shell heterostructure, brown/green dot; see Figure 5 (a)-(c), main text), respectively. (b)
HAADF-STEM image of a homogeneous SnS flake analyzed by STEM-CL with representative beam-
current attenuation measurements. (c) HAADF-STEM image of an SnS-SnS2 core-shell heterostructure
analyzed by STEM-CL with beam-current attenuation measurement near the center.
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Supporting Figure 7. Brillouin zones of (a) SnS2 and (b) SnS, GeS. High-symmetry points are marked
with the same labeling as in the calculated band structures shown in the main text.
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Supporting Figure 8. Interface models used to determine the band offsets between (a) (SnS, SnS2) and
(b) (SnS, GeS) in van der Waals heterostructures. Both panels (a) and (b) show side views of the
computational cells, seen along the in-plane a-axis (left) and b-axis (right), respectively.
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45.829

5. Supporting Figure1 (f)

Raman shift (cm™)
220.2
220.88
221.56
222.25
222.93
223.61
2243
22498
225.66
226.35
227.03
227.71
228.39
229.07
229.76
230.44
231.12

Intensity (arb. units)
26.31
21.199
21.353
16.727
14.538
12.103
12.253
11.865
8.7441
6.304
5.9602
4.9819
5.4648
4.6292
3.1584
3.7847
3.6765
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231.8

232.49
233.17
233.85
234.53
235.21
235.89
236.57
237.26
237.94
238.62
2393

239.98
240.66
241.34
242.02
242.7

243.38
244.06
244.74
245.42
246.1

246.78
247.46
248.14
248.82
249.5

250.18
250.85
251.53
252.21
252.89
253.57
254.25
254.93
255.6

256.28
256.96
257.64
258.32

1.8115
2.2375
0.7602
1.2324
2.2892
1.637
2.203
2.5732
1.5271
2.0406
1.431
3.8446
1.8179
1.9356
2.8334
2.608
3.0639
3.0305
2.7039
4.5222
4.3877
3.1792
5.5789
3.49
5.4494
6.2842
7.5578
7.805
5.9534
6.2968
6.9309
8.6383
7.5137
7.6078
8.0911
7.3058
8.0796
7.8275
8.5016
6.54
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258.99
259.67
260.35
261.03
261.7
262.38
263.06
263.74
264.41
265.09
265.77
266.44
267.12
267.8
268.47
269.15
269.82
270.5
271.17
271.85
272.53
273.2
273.88
274.55
275.23
275.9
276.58
277.25
277.93
278.6
279.28
279.95
280.63
281.3
281.98
282.65
283.32
284
284.67
285.35

7.9924
6.9076
6.8456
6.9286
5.8397
7.5794
7.3177
5.6403
7.5221
6.6719
4.3085
4.3831
4.0176
2.1878
3.1366
3.2554
3.2761
2.8073
2.5329
2.4532
1.3467
2.0942
2.2054
3.731

3.3528
3.0228
1.6179
1.8713
1.245

2.4233
1.5513
3.2635
3.0725
1.5153
2.1024
1.4695
1.6649
2.5426
2.5411
2.0505
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286.02
286.69
287.36
288.04
288.71
289.39
290.06
290.73
291.4

292.08
292.75
293.42
294.09
294.77
295.44
296.11
296.78
297.45
298.13
298.8

299.47
300.14
300.81
301.48
302.15
302.82
303.5

304.17
304.84
305.51
306.18
306.85
307.52
308.19
308.86
309.53
310.2

310.87
311.54
312.21

2.8764
2.0913
2.8174
2.0796
1.0479
3.2836
2.5915
0.53273
1.6438
1.4362
4.204
3.0198
1.4932
4.5017
2.388
4.9073
4.3522
5.4551
3.8258
5.0239
3.6856
2.6382
5.2491
3.6637
5.1999
3.4174
5.2445
5.4604
4.5048
5.6465
4.0552
4.1215
3.6016
4.5938
5.2916
4.1352
4.3924
6.5515
3.1486
3.8428
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312.88
313.55
314.21
314.88
315.55
316.22
316.89
317.56
318.23
318.9

319.57
320.23
320.9

321.57
322.24
32291
323.57
324.24
32491
325.58
326.24
32691
327.58
328.25
32891
329.58
330.25
33091
331.58
332.25
33291
333.58
334.24
33491
335.58
336.24
336.91
337.57
338.24
338.9

3.2188
3.5212
2.4079
1.8791
4.2764
2.8685
3.0692
4.5861
4.4439
1.5198
3.8148
2.5972
2.1592
0.93949
1.4269
1.4743
1.1304
1.8105
1.2701
1.9487
3.0655
1.9866
1.1503
2.7041
2.7449
-1.0203
-0.3466
2.8136
1.6317
0.44974
1.1201
1.8873
1.3854
2.9806
1.2092
1.3887
1.4697
1.1107
0.4586
1.6593
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339.57
340.24
340.9

341.57
342.23
342.89
343.56
344.23
344.89
345.55
346.22
346.88
347.55
348.21
348.87
349.54
350.2

350.86

2.1279
1.0345
2.1351
2.1627
2.0918
2.5081
2.5334
3.4363
2.6305
3.4345
2.6281
1.6741
2.3784
2.6433
1.7362
2.6337
3.7255
4.3294

6. Supporting Figure6 (a)

Sample

Vacuum

GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire
GeS nanowire

GeS nanowire

Sample
GeS rim

SnS-GeS center

SnS flake

SnS-SnS2 flake

Known thickness (nm)

0

55
28
69
26
54
77
25
70

108
130

95
53
103

Inferred thickness (nm)

162.3
142.3
152.7

203

.5

Relative beam current
1.00
0.82
0.88
0.78
0.93
0.76
0.72
0.92
0.72
0.63
0.57
0.64
0.80
0.66

Relative beam current
0.44
0.33
0.28
0.04
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