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Understanding how interfacial quality governs exciton localisation and hybridisation is
central to excitonic engineering in van der Waals heterostructures. Here, we report two
single-step chemical vapour deposition growth routes for large-area (up to =600 um),
continuous MoS,/WS, heterostructures, enabling a systematic comparison of excitonic
behaviour across contrasting interface qualities. Photoluminescence (PL) studies, supported
by ultra-low frequency Raman spectroscopy, reveal two distinct interlayer exciton (ILE)
regimes governed by interface disorder and interlayer coupling. Contrasting behaviour in
the temperature-dependent PL is observed for the two samples, indicating the important
role of the interface quality. Modulating the interface changes the excitonic nature from
defect-frapped ILE to delocalized ILE stabilised by strong interlayer coupling. By
distinguishing defect-trapped and free ILEs through their thermal evolution, this work
establishes PL as a sensitive probe of interface quality. It demonstrates scalable
interface-driven excitonic engineering in MoS,/WS, heterostructures.

References

[1] Pothal, B. et al., J. Phys. D: Appl. Phys, 2025, 365306

[2] Fang, H. et al., Nature Communications, 2023, 69210

[3] Tongay, S. et al.,, Nano Letters, 2014, 3185-3190

[4] Nagler, P. et al., 2D Materials, 2017, 025112

[5] Shin, K. et al., Nanomaterials, 2022, 1393

[6] Zhang, J. et al., Advanced Materials, 2016, 1950-1956

Figures

— K HS1 HS2 » [— 3 1.56 vy ]
(@) — 10K (b) &P *:Py, — 30K (c),-.1.54 L Vv 4
©:P, WS,(A) etero  s0K ]
| T 20K T WS —~[%:P, #:P, — 90K @152 F v?Y ]
=i — 30K *:PMOSZ(A) : MoS,(A) “*TILE _ ;1 ok vv v v ]
© o © o 4
> = S148f @ HS1 9
= = Y146 Ww HS2 ]
E § § 144 | 9 .
= = w42 b o .
‘ 2140} %00 .
1 1 1 1 1 1 1 1 P R B R SEP BEPE TP R B 138 | 1 1 1 1 L -
1.3 14 15 1.6 1.7 1.8 1.9 2.0 2.1 2.2 1.3 14 15 1.6 1.7 1.8 1.9 2.0 21 2.2 0 50 100 150 200 250 300

Energy (eV) Energy (eV) Temperature (K)

Figure 1: (a, b) Temperature-dependent PL spectra of weakly coupled (HS1) and strongly coupled
(HS2) MoS,/WS, heterobilayers, respectively. (c) Temperature evolution of ILE showing a pronounced
red-to-blue shift in HS1, in contrast to a purely monotonic blueshift in HS2.
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