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1. Index of refraction 

Brillouin light scattering spectra of phonons propagating along the crystallographic directions [100], [010], [001], and [110] were collected using both 180-degree and 90N geometries. For isotropic materials, such as cubic crystals, thin films, or polymers, additional scattering geometries-namely 90A and 90R-can be employed to determine the complete set of elastic constants and refractive indices [S1]. The application of these geometries enables the calculation of refractive indices in a given medium according to the following relationships:
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where: Δν is the Brillouin shift of the acoustic phonon measured using a specific measurement geometry, and n is the refractive index of the given medium. 
Although this method is primarily applied to isotropic systems, it can also be extended to anisotropic crystals under specific symmetry and propagation conditions. The investigated RDA (with ammonium concentration x = 0) and RADA crystals in the high-temperature phase exhibit tetragonal symmetry, for which the [100] and [010] directions are equivalent. In the case of studying the longitudinal phonon propagating in the [110] direction using the 90N and 90A geometries, the only refractive index that needs to be considered is nx = ny. This allows the crystal to be treated as isotropic in this specific case. Thus, it is possible to determine the refractive index nx = ny of the studied materials by comparing the frequencies of longitudinal phonons propagating in the [110] direction according to equations (1–3). To determine the individual refractive indices characteristic of RADA crystals, measurements of the longitudinal phonon propagating in the [110] direction of the studied crystals were performed using the 90A geometry. This procedure enables the determination of the refractive index from the measured phonon frequencies. These values are summarized in Table S1.

Table S1. Refractive index values for the Rb1-x(NH4)xH2AsO4 crystals.
	
	RDA
	RADA (x=0.12)
	RADA (x=0.20)
	RADA (x=0.45)

	nx
	1.48
	1.51
	1.52
	1.53

	nz
	1.45
	1.47
	1.47
	1.48



2. Debye temperature
Another parameter that can be determined from Brillouin light scattering studies is the Debye temperature. The Debye temperature reflects the overall stiffness of the crystal lattice and the intensity of acoustic phonon vibrations. Its variations indicate changes in the elastic, thermal, and dynamic properties of the material - all of which are critical for its technological applications. The Debye temperatures for the studied crystals were determined based on the following relationship:

                                                        (1)


Where  is the reduced Planck’s constant, kB – Boltzmann’s constant, NV – numbers of atoms in a unit volume. The obtained results are presented in Table S2.  





Table S2. The Debye temperatures D (K) for RADA crystals.
	Crystal
	D (K)

	RDA x = 0
	437

	RADA x = 0.12
	440

	RADA x = 0.20
	447

	RADA x = 0.45
	468




[bookmark: _GoBack]The Debye temperature increases with rising ammonium concentration, which is consistent with observations for Rb1-x(NH4)xH2AsO4 crystals [S2-S6]. In the context of mixed crystals such as Rb1-x(NH4)xH2AsO4, the observed decrease in Debye temperature with increasing concentration suggests lattice softening, enhanced structural disorder, and stronger phonon damping, which correlates with the transition from ferroelectric phases to a proton-glass state.

3. Discussion and analysis of cij

To assess how acoustic phonons propagating along the principal crystallographic directions are affected by varying ammonium content, we examined the temperature dependence of the elastic stiffness tensor components c11, c22, and c33 in selected compositions.
In the pure RDA crystal (x = 0), pronounced anomalies are observed in c11, c22, and c33 around 105 K. Below the phase transition, the values of these components diverge, indicating a transition to a low-symmetry ferroelectric phase. A similar pattern is found in the RADA crystal with x = 0.12, where the anomaly in c11 and c22, appears near 78 K. This temperature corresponds to the paraelectric–ferroelectric transition, as indicated by the established phase diagram for RADA systems [S2]. In the low-temperature phase, the anisotropy of c11 and c22 again reflects the loss of tetragonal symmetry.
For the RADA crystal with x = 0.20, the situation differs. The components c11 and c22remain equal throughout the measured temperature range. The anomaly at ~66 K is weaker and appears as a shallow minimum, possibly associated with the onset of proton freezing rather than a conventional symmetry-breaking phase transition [S7].
The most complex behavior is observed in the RADA crystal with x = 0.45. Here, c11 and c22 are nearly equal at both high (T > 100 K) and low (T < 48 K) temperatures, but in the intermediate range (100 K > T > 48 K), they clearly diverge. According to the phase diagram, this sample is likely to undergo a paraelectric–antiferroelectric transition near 90 K, followed by a transition into a proton-glass state below ~45 K. The restoration of the equality of c11 and c22 at low temperatures is consistent with the expected isotropy of the glassy phase [S8]. Interestingly, this composition is also the only one exhibiting an anomalous increase in the c33 component upon cooling.

Across the studied series, an increase in room-temperature values of c11 and c22 is observed with rising ammonium content, while c33 systematically decreases. The behavior of c33 appears to be largely insensitive to the nature of the phase transition, suggesting that lattice rigidity along the c-axis is only weakly affected by proton ordering phenomena.
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