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S1 Exciton-phonon coupling

A Coupling to acoustic phonons

In non-centrosymmetric crystals such as II-VI polar semiconductors, the coupling to

acoustic phonons with linear dispersion ωλ,q = cλq and sound velocity cλ arises from both

the deformation potential(DA) and LA as well as TA piezoelectric (PA) coupling mech-
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Figure S1: Theory: a) Coupling to deformation ∆̃DA and piezoelectric ∆̃PA interaction
mechanisms versus lateral platelet area. b) Ratio of deformation potential to piezoelectic
coupling ∆̃DA/∆̃PA.

anisms.1�4 The coupling matrix element therefore has contributions from both coupling

mechanisms. So in order to emphasize the contribution of both coupling mechanisms to

acoustic phonon interaction reported in Figure 2a of the main text, we display in Fig-

ure S1, the coupling to the deformation potential (top row) and piezoelectric (bottom

row) interactions involving both LA and TA phonon, versus lateral platelet area and for

di�erent aspect ratios (AR), as obtained from theory (see Methods section). The two

mechanisms have been obtained from the coupling matrix element in Eqs. (11) and (12)

outlined in the method section and with the parameters listed in Table 1. We can clearly

see in Fig. S1 (b) that the acoustic phonon scattering mechanisms are dominated by
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the deformation potential interaction rather than piezoelectric coupling (, so that for the

scattering rates ΓAC ' ΓDA is valid). In fact, it is found that the contribution of deforma-

tion potential coupling is more than one order of magnitude larger than the piezoelectric

coupling for small lateral platelets sizes. It increases dramatically to about 3 orders of

magnitude di�erence for larger platelets. Hence piezoelectric coupling in NPLs is a minor

contribution.

B Coupling to optical phonons

The coupling to optical phonons may be mediated by unpolar (optical) zero order deformation-

potential coupling (NP,Def) and Fröhlich interaction (LO,Fr).1,4,5 In Fig. 2b of the main

text, we have presented the coupling to optical phonon using both mechanisms, as cal-

culated by our theory presented in the methods section. By comparing the results for

unpolar (optical) zero order deformation-potential and Fröhlich coupling mechanism, we

�nd that the polar optical phonon contribution via Fröhlich interaction is clearly domi-

nant (ΓOpt ' ΓLO,Fr). The optical zero-order deformation potential contribution is weak,

about 2 order of magnitude smaller than the Fröhlich interaction, see Figure S2. Hence

it is nearly negligible. Notably, the simultaneous coupling via the two mechanisms in

the optical and acoustic phonon interaction gives rise to interference between them when

they are in phase. In our calculation, the coupling mechanisms involved in the optical

and acoustic phonon interaction are often assumed to be out of phase; i.e., one is real

and the other imaginary (see methods section). This implies that the two coupling mech-

anisms (piezoelectric and deformation coupling for the acoustic mode and the non polar

deformation and polar Fröhlich coupling for the optical mode) do not interfere, and can

therefore be treated as separate scattering mechanisms.

To illustrate the e�ect of the unpolar optical deformation potential and the piezoelec-

tric potential on the total mobility presented in Fig 3 and 4 of the main text, we calculate

in table S1 the total mobility
1

µtot
=

1

µLO,Fr
+

1

µNP,Def
+

1

µDA
+

1

µPA
using Matthiessens

rule. In number of appearence the LO-phonon Fröhlich and optical deformation potential

interaction as well as the acoustic deformation potential and pizoelectric interaction are
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Figure S2: Coupling to unpolar (optical) zero order deformation-potential coupling
∆̃NP,Def and Fröhlich interaction ∆̃LO,Fr versus lateral platelet area

included in the expression. We compare the result with the mobility without unpolar

optical phonon scattering (NP,Def) and/or piezo-accoustic scattering (PA) for two exem-

plary platelet sizes (a small and a large one) of 134 nm2 and 533 nm2 at two di�erent

temperatures (4 and 300K). By comparing µtot with µLO,Fr+DA+PA in Table S1, we �nd

that at both T=4K and 300 K the contribution of the unpolar optical phonon scattering is

negligible due to the reciprocal summation to the total mobility according to Matthiesens

rule. This con�rms that optical phonon scattering is dominated by Fröhlich interaction

(Fr).

In order to test the contributions of the piezoelectric (acoustic) interaction and opti-

cal deformation potential, we compare µtot with µLO,Fr+DA+NP,Def and µLO,Fr+DA+PA.

Table S1: The mobility with and without the unpolar optical phonon coupling contri-
bution and/or the piezoelectric coupling contribution for for two exemplary platelet sizes
134 nm2 and 533 nm2 at 4 and 300 K.

134 nm2 533 nm2

Mobility (cm2/V s) 4K 300K 4K 300K
µLO,Fr+DA 5.37·103 54.4 11.9·103 76.0

µLO,Fr+DA+NP,Def 5.37·103 54.4 11.9·103 76.0
µLO,Fr+DA+PA 5.11·103 52.4 11.9·103 75.9

µtot 5.11·103 52.3 11.9·103 75.9
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We can clearly see based on Table S1 that the inclusion of the piezoelectric interaction

(PA) results a only slight reduction of the total mobility. Here, the deformation poten-

tial contribution (DA) to acoustic phonon scattering is signi�cantly larger than the PA

contribution.

On the other hand optical phonon scattering is dominated by Fröhlich interaction

and the non-polar optical deformation potential coupling (NP.Def) results, in-line with

Figure S2, in no (signi�cant) alteration of the total mobility.

C E�ect of σ on the optical phonon interaction

In the Fröhlich interaction, we use a σ value from Ref. 6 for CdSe nanoplatelets, which is

also near to published values for TMDC materials,5 see Table 1 of the Methods section.

Since σ is not apriori well known and to illustrate the e�ect of an uncertainty in this

parameter, we performed in Fig S3 a σ variation calculation, in order to investigate its

e�ect on the optical phonon coupling and subsequently the impact on the uncertainty

of the LO-coupling. We use also σ (apart from other parameter uncertainties taken into

account) for estimating the contribution to the theoretical error bars in Fig. 2b.

Figure S3: (a-d) The optical phonon coupling for a variation of σ (as used in Table 1,
Methods section) versus lateral platelet area for 4:1 and 1:1 lateral aspect ratio.

S5



References

1. Mahan, G. D. Many-particle physics ; Springer Science & Business Media, 2013.

2. Zhao, P.; Woolard, D. L. Electron�longitudinal-acoustic-phonon scattering in double-

quantum-dot based quantum gates. Physics Letters A 2008, 372, 1666�1670.

3. Kaasbjerg, K.; Thygesen, K. S.; Jauho, A.-P. Acoustic phonon limited mobility in

two-dimensional semiconductors: Deformation potential and piezoelectric scattering

in monolayer MoS 2 from �rst principles. Physical Review B 2013, 87, 235312.

4. in Polar Semiconductors, E.-P. I.; Devreese, J. Polarons in ionic crystals and polar

semiconductors: Antwerp Advanced Study Institute 1971 on Fröhlich polarons and

electron-phonon interaction in polar semiconductors ; 1972.

5. Thilagam, A. Exciton formation assisted by longitudinal optical phonons in monolayer

transition metal dichalcogenides. Journal of Applied Physics 2016, 120, 124306.

6. Specht, J. F.; Scott, R.; Castro, M. C.; Christodoulou, S.; Bertrand, G. H.; Prud-

nikau, A. V.; Antanovich, A.; Siebbeles, L. D.; Owschimikow, N.; Moreels, I., et al.

Size-dependent exciton substructure in CdSe nanoplatelets and its relation to photo-

luminescence dynamics. Nanoscale 2019, 11, 12230�12241.

S6


