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Supplementary Information

The Rietveld Method

AgsPO4 powder was analyzed according to the Rietveld method [1], using the general structure
analysis (GSAS) software with the EXPGUI graphical interface [2]. The input data for the theoretical
model was that in ICSD 14000 [3]. In this analysis, the refined parameters were the scale factor,
background, shift lattice constants, profile half-width parameters (u, v, and w), isotropic thermal
parameters, lattice parameters, strain anisotropy factor, preferential orientation, and atomic functional
positions. The background fitted was performed using the Chebyschev polynomial of the first kind. The
peak profile function was modeled using a convolution of the Thompson—-Cox—Hastings pseudo-Voigt
(TCH-pV) [4] with the asymmetry function described by Finger [5].

Figure S1 shows the experimentally observed and theoretically calculated XRD patterns of AgsPOa.
The difference between the two XRD patterns (the residual pattern) shows a good fit, noted by the small
variation in the intensity scale, as illustrated by the Obs—Calc line. The inset of Figure S1 shows a
schematic representation of a cubic AgsPOs unit cell. This representation was modeled using the
Diamond crystal and molecular structure visualization software using the lattice parameters and atomic
positions obtained from the Rietveld refinement (Table S1). In this cubic structure, P and Ag cations are
coordinated to four O atoms, which form and [AgO4] clusters with tetrahedral configurations [6].
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Figure S1. Rietveld refinements of the AgsPO4 powder.

The statistical parameters (Rwp, Rp, Raragg, and x?2) illustrated in Table S1 indicate a good quality of
the structural refinements. The positions of the Ag and P atoms in the AgsPO4 powder were fixed;
however, the positions of the O atoms presented some variations, because the O atoms in this structure
did not occupy fixed positions. The lattice parameters and unit cell volumes values were in agreement
with the values reported in the literature and ICSD 14000, and as expected the AgsPOs sample was
crystalized in a body-centered cubic structure with P43n space group and two molecular formula units
per unit cell (Z = 2) [3,6].

Table S1. Rietveld refinement results for the AgsPO4 powder.

Atom Wyckoff X Y V4
Ag 6d 0.25 0 0.50
P 2a 0 0 0
(o) 8e 0.147557 0.147557 0.147557

a = 6.014(7N4; V = 217.591(4)A% R, = 14.38%; R, = 9.30%; Rgragy = 4.98%;

¥? = 1.2165.

Table S2 shows the bond angles and lengths associated with isolated [AgO4] and clusters, as well
as combinations. The [AgO4] clusters are highly distorted in the lattice as indicated by the existence of
two O—Ag—O bond angles (a and B). In AgsPO4, the distorted tetrahedral [AgO4] clusters are caused by
the inductive effect of the highly electronegative PO;~ group. This inductive effect is described as the
action of one group electrostatically affecting the electron distribution in another group, in our case the
cluster against the [AgO4] clusters [6,7].
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Table S2. Bond angles and lengths for the [AgO4] and [AgO4] clusters.

Bond lengths (A)

Bond Angles (°)

Sample 0O-Ag-O O-P-O Ag-O-Ag P-O-Ag
Ag-O P-O
a B A £ 1%
Ags;PO, 237 1.53 93.84 149.99 109.47 101.44 116.64
Ag3PO4 -
237 1.55 93.78 150.23 109.47 101.71 116.41
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Figure S2. Average particle size distribution for the AgsPO4 powder.

UV-Vis Absorption Spectroscopy Analysis

The optical band gap energy of AgsPO4 was experimentally estimated utilizing the Wood and
Tauc method [9], using the following equation:

ahv = A(hv — Eggp)"

where h is Plank’s constant, v is the frequency of vibration, « is the absorption coefficient, Egap is the
band gap energy, and A a proportional constant. The value of the exponent n denotes the nature of the

electronic transitions. The existing literature explained that AgsPO4 presents an optical absorption due
to the indirectly allowed electronic transitions (n=2) [6,10].

The diffuse reflectance measurement can be converted using the Kubelka—Munk (K—M) function [11],
represented by F(R,,):
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F(R.,) = % e SOOI (S2)

sample

where k is the molar absorption coefficient, S is the scattering coefficient, and R, = RR , is the

Mgo
reflectance when the sample is infinitely thick. In our study, we adopted magnesium oxide (MgO) as the
standard sample for reflectance measurements. Thus, the vertical axis was converted to F(Rx), which
is proportional to the absorption coefficient. Subsequently, substituting « in the Tauc equation for F (R),
we obtained the modified K—-M equation:

(F(Roo)hv)2 = AV = Egap) «-vveeieiaiiiie i (S3)

Therefore, when plotting (F(R.,)hv)/? against hv (Figure S3), Egap corresponds to the hv value at
the intersection of the line tangent to the graph with the horizontal axis.
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Figure S3. UV-Vis DRS spectrum of the AgsPO4 powder. The inset shows a digital image of the yellow
AgsPO4 powder.
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Figure S4. PL spectrum of the AgsPO4 powder.
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