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Abstract
New ternary molybdate NaPbLag.xy)(M0O4)3:XEr**,yYb* (x =y =0, x = 0.05 and y = 0.35, 0.4,
0.45 and 0.5) phosphors were successfully fabricated by the MSG (microwave sol-gel) method, and
the microstructural and spectroscopic properties were characterized. The crystal structure of
NaPbLa(Mo00O,); (NPLM) is defined by Rietveld analysis in space group 14;/a with unit cell
parameters a = 5.3735(2) and ¢ = 11.8668(4) A, V = 342.65(3) A3, Z = 4 (Rg = 6.64 %). The unit
cell volume of NaPbLa(Mo0O,); (NPLM) is intermediate between those of NalLa(Mo0O,), and
PbMoO,. Under 980 nm excitation, upconverted yellowish green emission at transitions from 2Hi
and “Ssp, is observed. No concentration quenching in the subsystem of donor ions at the content up
to 50 at.% as well as no cross-relaxation losses in the subsystem of acceptor ions at the
concentrations as high as 5 at. % is verified. The individual chromaticity points for the samples

corresponded to the equal-energy point in the standard CIE diagram.
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1. Introduction

For the recent years, complex molybdate crystals have become of extensive interest due to the
stable chemical properties, rich crystal chemistry and potential applications in such fields as laser
systems, electrochemistry and photonics [1-10]. Complex molybdates are actively investigated as
host materials for creation of rare earth doped phosphors appropriate for use in light-emitting

devices [1,2,11-15]. Among such crystals, scheelite-type molybdates are widely investigated in



terms of searching new structures, including structure-modulation effects, and promising
spectroscopic characteristics [15-19]. One of the most representative scheelite-type molybdates is
PbMoO, compound, which is suitable for laser application, can be used as a low temperature
scintillator crystal and as a working medium in acoustic-optic light modulator [20-22]. In view of
the above mentioned properties, it is interesting to investigate effects of Pb ion combining with
other cations in scheelite framework. It is known that, in simple molybdates, the scheelite-type
structure is comparatively stable and wide size range of big A%* (A = Cd-Ba) cations can be
accommodated without structure disruption [23-25]. However, in binary molybdates, the cation
combination appropriate for scheelite-type structure are less clear and only tentative predictions are
possible depending on the average big cation size [16,26,27]. In ternary molybdates, the rules
governing the scheelite structure stability are unclear.

Recently, new family of ternary molybdate of scheelite-type structure was discovered and
efficient up-conversion phosphors were prepared on the base of these hosts [28,29]. The present
study is aimed at preparation and evaluation of new ternary molybdate NaPbLa(Mo0O,); (NPLM),
where bigger sized Pb?* cation is introduced instead of Ca?* and Sr** in NaALa(MoO,), (A = Ca,
Sr) [30]. The substitution results in bigger average ion radius of cation complex (NaALa) and,
respectively, related structural and spectroscopic effects can be considered. Additionally, the
NaPbLa(MoO,)4:Er**, Yb** phosphors will be prepared to estimate the potential of the
NaPbLa(Mo0,), host in optical frequency upconversion (UC) structures.

Among rare-earth ions, the Er** ion is suitable for the optical frequency conversion via the UC
process due to its appropriate configuration of electronic energy levels. The Yb** ion, commonly
used as a sensitizer, can be efficiently excited by IR light source working at ~980 nm. Then, the
absorbed energy is transferred to the activator ions (Er**) that drastically increases the emission
efficiency. Thus, the Er¥*/Yb** co-doping can remarkably enhance the UC efficiency for the shift
from infrared to visible light due to the efficiency of the energy transfer from Yb** to Er** [31-35].

In the present study, the pure and doped ternary molybdate NanLa(l_x_y)(M004)3:xEr3",be3+



(NPLM:XEr** yYb**) powder samples with the correct doping concentrations of Er** and Yb** (x =y
=0, x=0.05and y = 0.35, 0.4, 0.45 and 0.5) were successfully synthesized by the MSG method
followed by high-temperature treatment in the air. As it was shown earlier, this method is highly
efficient for the preparation of complex molybdate and tungstate compounds for relatively short
time [36-39]. The prepared powder samples were characterized by X-ray diffraction (XRD) for
Rietveld refinement, scanning electron microscopy (SEM). The Raman and photoluminescence
(PL) emission spectra were examined comparatively for different doping levels. The dependence of
pump power and Commission Internationale de L'Eclairage (CIE) chromaticity parameters of the

UC emission were evaluated in detail.

2. Experimental

In the present experiment, Na;MoO42H,0, Pb(NOs3);, La(NO3);:6H,O and
(NH4)sM07024-4H,0 in purity of 99.0%, and Yb(NO3)3-5H,0O and Er(NOgs)3:5H,0 in purity of
99.9% were used as received from Sigma-Aldrich, USA. Besides, citric acid in purity of 99.5% was
received from Daejung Chemicals, Korea. Distilled water, ethylene glycol (A.R.) and NH,OH
(A.R.) were used to bring the transparent sol formation. As the first step, to prepare the sol of (a)
NaPbLa(Mo004); (NPLM), Na;MoO4-2H,0 for 0.2 mol% and (NH4)sM07024:4H,0 for 0.143 mol%
were dissolved in 80 mL 8M NH,OH with 20 mL ethylene glycol. Subsequently, Pb(NO3); for 0.4
mol% and La(NO3)3-5H,0 for 0.4 mol% were precisely weighed and dissolved slowly in 100 mL
distilled water. Then, the two solutions were mixed together under vigorous stirring and the mixture
was adjusted to pH = 7-8 using citric acid and NH,OH. At this stage, a citric acid molar ratio
accounting to numbers of total cation metal ions is adjusted to 2:1. The appropriate amount of the
solution, 180-200 mL, was heated up to 80-100°C in a 450 mL Pyrex glass before MSG processing.
Consequently, the final solution becomes to be highly transparent.

As to the doped compounds of NaPbLag x,)(M004)3:XEr*" yYb* (NPL.x.,M:XEr*yYb®"), the

following variations were made to prepare the solutions for: (b) NPLagsM:EroosYboss,



La(NO3)3:6H,0 for 0.24 mol%, Yb(NO3)s3-5H,0O for 0.14 mol% and Er(NOj3)s-5H,0 for 0.02
mol%; (c) NPLagssM:ErggsYho4, La(NO3)3-6H,0 for 0.22 mol%, Yb(NO3);-5H,0 for 0.16 mol%
and Er(NO3)3-5H,0 for 0.02 mol%; (d) NPLagsM:ErgosYbo4s, La(NO3)3-6H,O for 0.2 mol%,
Yb(NO3)3-5H,0 for 0.18 mol% and Er(NO3)s-5H,0 for 0.02 mol%; and (e) NPLag 45M:Erg05Ybos,
La(NO3)3-6H,0 for 0.18 mol%, Yb(NO3)3-5H,0 for 0.2 mol% and Er(NO3)s-5H,0 for 0.02 mol%.

For the MSG process, a useful microwave oven was utilized at a frequency of 2.45 GHz and
maximum output power with 1250 W for 30 min. The mixed solutions were located in the oven
under the two kinds of cyclic working steps. At the first step, the MSG process was controlled by
the cyclic regime of 40 s on and 20 s off for 15 min. At the second step, the further treatment was
continued by the cyclic regime of 30 s on and 30 s off for 15 min. After the MSG process, the sols
were treated under ultrasonic radiation for 10 min to bring light yellow colored transparent sols. The
transparent sols were dried at 120°C in a dry oven for one week. The obtained black dried gels were
ground, heat treated at 350°C for 6 h to evaporate the ethylene glycol and other remained organic
substances, and annealed at 850°C for 16 h. As it was previously stated, this temperature range is
highly appropriate for calcination of molybdate compounds [3,6,40-42]. After annealing process,
pink colored particles were obtained for the doped samples.

The powder diffraction patterns of the new ternary molybdate NPLM:ErYb particles for
Rietveld analysis were precisely examined over the range of 26 = 5-90° at room temperature with a
D/MAX 2200 (Rigaku in Japan) diffractometer with Cu-Ka radiation and 0-20 geometry. The size
step of 20 was 0.02°, and the time counting was 5 s per step. The TOPAS 4.2 package was applied
for the Rietveld analysis [43]. The typical microstructure and surface morphology of the obtained
particles were observed using SEM (JSM-5600, JEOL in Japan). The PL spectra were relatively
recorded using a spectrophotometer (Perkin Elmer LS55 in UK) at room temperature. Pump power
dependence of the resultant UC emission intensity was measured at working power from 20 to 110
mW levels. Raman spectra measurements were performed using a LabRam Aramis (Horiba Jobin-

Yvon in France) with the spectral resolution of 2 cm™. The 514.5-nm line of an Ar ion laser was



used as an excitation source; the power on the samples was kept at the 0.5 mW level to avoid the

sample decomposition.

3. Results and discussion

The XRD pattern measured for NPLM is shown in Figure 1 and the patterns of doped samples
are shown in Figures S1-S4 (Supporting Information). All peaks of powder patterns recorded from
NaPbLa;x.yM0O4:xEr,yYb (x = 0, 0.05; y = 0, 0.35, 0.4, 0.45, 0.5) compounds were successfully
indexed by tetragonal cell (14,/a) with cell parameters close to those of PbMoQO, [44]. Therefore,
the crystal structure of PbMoO, was taken as a starting model for Rietveld refinement. The site of
Pb** jon was considered as occupied by Pb, Na, La, Er, Yb ions (Figure 2) with fixed occupations
according to suggested formulas. The refinements were stable and gives low R-factors (Table 1,
Figures 1, S1-S4). Coordinates of atoms and main bond lengths are summarized in Tables S1 and
S2, respectively.

Further details of the crystal structure may be obtained from Fachinformationszentrum
Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: (+49)7247-808-666; E-mail:

crystdata@fiz-karlsruhe.de; http://www.fiz-karlsruhe.de/request_for_deposited_data.html on

The dependence of the cell volume on average ion radius of big cations IR(Na/Pb/La/Er//YD),
excluding Mo®*, in the NPLM:ErYb compounds is shown in Figure 3a. The diagram part containing
ternary molybdates can be observed in Figure S5. The IR values were calculated on the base of
nominal compositions and known system of ion radii [30]. In is evident that the cell volume linearly
decreases with IR(Na/Pb/La/Er//Yb) decrease or (x + y) increase. This clearly proves the suggested
chemical formulas of the solid solutions NPLM:ErYb. Besides, it is very interesting to see the
position of NPLM:ErYb compounds among other known scheelite-type molybdates. In Figure 3b,
the cell volume of selected simple and complex scheelite-type molybdates is shown as a function of

big cation ion radius (IR), where, for complex compounds, the average ion radius of big cations is



calculated on the base of available information [24,28-30,44-50]. The basic curve is generated by
simple molybdates with general composition A**MoQ, (A = Cd, Ca, Eu, Sr, Ba) and the drastic unit
cell variation by 25% is evident on the A*" cation substitutions. This indicates extremely high
stability of the scheelite type structure in reference to the element substitution at the A%* position.
The point of the binary scheelite NaLa(Mo0OQO,), is not very far from the main line and their
structural properties should be governed by the general tendency. Indeed, the addition of [CaMo0O,]
block to the composition NaLa(MoO,), results to the formation of scheelite-type compound
NaCaLa(Mo00Qg); which cell volume is intermediate between those of NaLa(MoO,), and CaMoOs;.
The similar trend is observed when the [PbMo0O,] block is added to the composition NaLa(MoOy),
with formation of NaPbLa(MoQO4);, which unit cell volume is intermediate between those of
NaLa(MoQ,), and PbMoO,. According to this algorithm, the existence of wide family of scheelite-
type compounds NaA?La(MoO,); can be predicted. Within possible cation combinations, the
substitution of the [BaMoO,] block to NaLa(Mo0Oy,)s is of special interest because, in this case, the
particularly big variation of the unit cell volume can be assumed in reference to that of
NaLa(MoO,);. Above this, the existence of NaA?*Ln(MoO,); (Ln = rare earth elements)
compounds is also supposed that promises for use of the NaA”*Ln(MoO4); hosts in photonics
because wide range rare earth element substitution is possible at the Ln position without structure
destruction and drastic defect generation.

The SEM images obtained for the representative compositions (a) NPLM and (b)
NPLM:0.05Er**,0.5Yb*" are shown in Fig. 4. Both the samples contain closely packed grains 10-25
um in size. The grain micromorphology in both samples is very similar. This means that the rare-
earth ion substitution at the La®>" sites in NPLM has no influence in the micromorphology.

The Raman spectrum of the synthesized NaPbLa(MoO,)s is shown in Fig. 5. It can be divided
into three sets of Raman bands: 950-700, 425-275 and 275-100 cm*. The Raman modes in high
wavenumber region refer to Mo—-O symmetric and antisymmetric stretching vibrations of the

MoO,* tetrahedra. The modes in middle frequency region are assigned to O—Mo—O symmetric and



antisymmetric bending modes of the MoO,* tetrahedra, and the Raman lines in low wavenumber
region correspond to translations and librations of MoO4? tetrahedra and Na/Pb/La ions.

In Table 2, the correlation between the free MoO4* ion, site symmetry and factor grout
symmetry of unit cell is shown. The vibrational representation for the tetragonal unit cell of NPLM
at Brillouin zone center is given by the following equation: I'vipr = 3Ag+7A +7B¢+3By+14E4+14E,.
According to the selection rules, the Ay, By and E; modes are Raman active, A, and E, are IR active,
and B, modes are silent. Thus, three Raman bands should be observed in the region of stretching
vibrations and four bands in the region of bending vibrations of MoO, tetrahedra. The strong
Raman band at 881.2 cm™* (Ag) is assigned to the v; vibrational mode of MoO,* ion, and bands at
818.6 (By) and 757.3 cm™ (E,) are assigned to the v3 vibrational modes of MO, ion. The bands at
380.1 (By) and 366.9 cm™ (E,) are the v, vibrational modes of MoO,* ion, and bands at 326.4 (By)
and 319.0 cm™ (Ag) are the v, vibrational modes of MoO,* ion. The deconvolution of experimental
Raman spectrum by fitting with use of Lorentzian function revealed an extra bands at 900.4, 795.1,
668.3 and 292.6 cm . The appearance of these lines can be explained as local distortions of MoO,
tetrahedra caused by influence of Na/Pb/La ions. The wide band at 230.6 cm™ is assigned to the
rotation of MoO,* ions. The other bands in low-wavenumber region of Raman spectrum are
external modes (translations of MoO4* and Na/Pb/La ions and their mixed vibrations).

In the case of NaPbLa(MoO,); doped with Er** and Yb** ions the Raman spectra are totally
covered with the luminescence signal of Er** ions, as shown in Figure 6. Only the very small peak
at 881.2 cm* related to symmetric stretching vibration of MoOj, tetrahedra can be distinguished in
the spactra. It should be noted, that an increasing of the Yb** content leads to the difference of Er®*
®Hy,/, multiplet intensity. This fact can be explained in the framework of different local structure of
Er®*, as induced by Yb*" doping level variation (Table S2).

UC luminescence spectra of NPLM coactivated by 5% of Er** ions and increasing content of
Yb*" ions measured at room temperature under 980 nm excitation are presented in Fig. 7.

Upconverted emission in the green at the transition from *Hii;, state to *lis, ground state is



prevailing over the emission at the transition from “Sz;, to “Hisp, while deep red emission at the
transition from *Fo, to “His, is approximately 25 times weaker in all samples as compared to the
green emission. Increase of Yb content from 35 to 50% results in continuous growth of UC
emission at all lines indicating the absence of concentration quenching in the subsystem of Yb ions
up to the doping level as high as 50%. Power dependences of UCL show slopes with n<2 that
indicates the absence of cross-relaxation in the system of Er ions at the concentration as high as 5%.
The features specified above must be ascribed to the advantages of molybtate crystalline matrix
used.

The CIE diagram and chromaticity coordinates (x, y) of the NaPbLa(MoO4)s:Er¥",Yb**
phosphors are shown in Fig. 8. The individual chromaticity points of CIE for the samples (a), (b),
(c) and (d) are exhibited by the lagend in Fig. 8(A). The calculated values for chromaticity
coordinates are x =0.237 and y = 0.669 for (a), x = 0.246 and y = 0.640 for (b) x =0.248 and y =
0.610 for (c), and x = 0.269, and y = 0.529 for (d), corresponding to the equal-energy point in the
standard CIE diagram. As it is seen, the NaPbLa(M0Q4)3:Er**,Yb** phosphors provides emission in

the yellowish green region.

4. Conclusions

New ternary molybdate NPLM:Er** Yb®* phosphors were successfully synthesized by MSG,
and the microstructural and spectroscopic properties were investigated in detail. The general
dependence of unit cell on the average ion radii of all cations, excluding Mo6+, in the scheelite type
molybdates is defined with use of available experimental data on the crystal structures. The unit cell
volume of NPLM is intermediate between those of NaLa(MoO,), and PbMoO,. The diagram
provides predictions of the existence of wide family of scheelite-type compounds NaA**La(MoO,)s
(A = Cd-Ba) with great potential for creation new phosphor materials. The rare-earth ion
substitution at the La** sites in NPLM has no influence in the micromorphology variation. The

Raman spectra of NPLM doped with Er®* and Yb®" ions were totally covered with the luminescence



signal of Er** ions, and increasing of the Yb*" content resulted to the difference of Er** *Hy
multiplet intensity. The chromaticity coordinates (x, y) values for the samples indicated in reference
to the equal-energy point in the standard CIE diagram. The crystalline matrix under investigation
favors domination of yellowish-green upconverted emission of Er ions and enables absence of
concentration quenching up to Yb content as hig as 50% as well as the absence of cross-relaxation

at Er content as high as 5%.
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Table 1. Main parameters of processing and refinement of the NPLM:xEr®* yYb** samples

Space Cell parameters (A), Rp, Rs (%),
Compound Xy group cell volume (A%) P
a=53735 (2)
NPLM 0,0 14,/a ¢ = 11.8668 (4) 14'116é§ b4
V = 342,65 (3) |
| a = 5.3301 (4)
. 05NEPrIE)|\gévb 0.05 035  l4y/a ¢ = 11.756 (1) 13'114éf'52
HOERD. V = 333.99 (6) |
| a =5.3208 (2)
0 OEEPrL(l)\ﬂA;Yb 0.05,0.4 14,/a c=11.7284 (5) 12'?_5:’3;'85
HOERD. V = 332.04 (3) '
| a =5.3150 (2)
. 05|\||5F;|6|\25Yb 0.05, 045  l4//a ¢ =11.7189 (7) 11'i6é32'63
HORRE. V = 331.06 (4) |
a = 53099 (2)
NPLM: _ 10.91, 2.49
0.05Er,0.5Yb 0.05, 0.5 144/a c =11.7010 (5) 111

V =329.91 (2)



Table 2. Correlation diagram between T4 point symmetry, S, site symmetry and Cyy factor group

symmetry for MoQO, tetrahedra

Wavenumber, cm ! T4 S Cun
[51] Point group Site symmetry Factor group
symmetry
897 Ay (V]_) A Ag+Bu
317 E(v2) A+B A4+By+Bg+Au
837 Fa(vs) B+{°E,'E} By+A,+E+E,

- Fa(va) B+{’E,'E} Bg+Au+Eg+E,




Captions

Fig. 1. The difference Rietveld plot of NPLM.

Fig. 2. The crystal structure of NPLM. The unit cell is outlined. The lone atoms are omitted for

clarity.

Fig. 3. (a) Dependence of cell volume on averaged ion radii IR(Na/Pb/La/Er/Yb) of NPLM:
XEr** yYb®* and (b) the NPLM: xEr®*yYb*®* crystals among other representative scheelite-type

molybdates.

Fig. 4. Scanning electron microscopy images of the synthesized (a) NPLM and (b)

NPLM:0.05Er**,0.5Yb*" particles.

Fig. 5. Raman spectrum of NPLM powder. The fit was done using the Lorentzian function.

Fig. 6. Luminescence from “Hyy, and *Sz;, multiples of the Er®* ions normalized to most intensitive

band of “S,;s multiplet in the region of lattice vibrations of NPLM:xEr,yYb.

Fig. 7. The UC photoluminescence spectra of (a) NPLM:0.05Er,0.35Yb, (b) NPLM:0.05Er,0.40YD,
(c) NPLM:0.05Er,0.45YDb, and (d) NPLM:0.05Er,0.50Yb particles excited under 980 nm at room

temperature.

Fig. 8. The logarithmic scale dependence of the UC emission intensity on the pump power in the

range from 20 to 110 mW at 525, 550 and 655 nm in the NPLM:0.05Er%*,0.35Yb** sample.



Fig. 9. (A) CIE chromaticity diagram for the NPLM:xEr**,yYb** phosphors, and (B) calculated
chromaticity coordinates (X, y) values. The emission points for the sample (a)
NPLM:0.05Er**,0.35Yb%*", (b) NPLM:0.05Er**,0.40Yb**, (c) NPLM:0.05Er**,0.45Yb**, and (d)

NPLM:0.05Er**,0.50Yb** particles are shown in the legend.
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Table S1. Fractional atomic coordinates and isotropic displacement parameters (A% of the

NaPbLa;...;M0oO4:XEr,yYb samples

X y z Biso Occ.
NPLM

Na 0 1/4 5/8 0.6 (5) 1/3

Pb 0 1/4 5/8 0.6 (5) 1/3

La 0 1/4 5/8 0.6 (5) 1/3

Mo 0 1/4 1/8 0.5 (5) 1

0 0.231 (3) 0.112 (2) 0.039 (1) 0.5 (7) 1
NPLM:0.05Er,0.35Yb

Na 0 1/4 5/8 0.6 (4) 1/3

Pb 0 1/4 5/8 0.6 (4) 1/3

La 0 1/4 5/8 0.6 (4) 0.2

Er 0 1/4 5/8 0.6(4)  0.01666667

Yb 0 1/4 5/8 0.6 (4) 0.1166667

Mo 0 1/4 1/8 1.8 (4) 1

0 0.260 (5) 0.124 (3) 0.065 (2) 3.0 (6) 1
NPLM:0.05Er,0.4Yb

Na 0 1/4 5/8 0.4 (5) 1/3

Pb 0 1/4 5/8 0.4 (5) 1/3

La 0 1/4 5/8 04(5  0.1833333

Er 0 1/4 5/8 0.4 (5) 0.01666667

Yb 0 1/4 5/8 04(5  0.1333333

Mo 0 1/4 1/8 0.8 (5) 1

0 0.271 (4) 0.122 (2) 0.052 (2) 0.5 (6) 1
NPLM:0.05Er,0.45Yb

Na 0 1/4 5/8 0.4 (5) 1/3

Pb 0 1/4 5/8 0.4 (5) 1/3

La 0 1/4 5/8 0.4 (5 0.1666667

Er 0 1/4 5/8 04(5)  0.01666667

Yb 0 1/4 5/8 0.4 (5) 0.15

Mo 0 1/4 1/8 1.0 (5) 1

0 0.239 (3) 0.112 (2) 0.047 (1) 0.5 (6) 1

NPLM:0.05Er,0.5Yb




Na
Pb
La
Er
Yb
Mo 0

@) 0.249 (3)

o O O o o

1/4 5/8
1/4 5/8
1/4 5/8
1/4 5/8
1/4 5/8
1/4 1/8
0.111 (2) 0.043 (1)

0.2 (4)
0.2 (4)
0.2 (4)
0.2 (4)
0.2 (4)
0.5 (4)
0.5 (6)

1/3
1/3
0.15
0.01666667
0.1666667
1
1

Table S2. Main bond lengths (A) of the NaPbLa;.x.yM0oO4:XEr,yYb samples

NPLM
(Na/Pb/La)—O' 2.63 (2) Mo—O 1.77 (2)
(Na/Pb/La)—O" 2.53(2)

NPLM:0.05H0,0.35Yb
(Na/Pb/La/Er/Yb)—O' 2.47 (2) Mo—O 1.70 (2)
(Na/Pb/La/Er/Yb)—O" 2.66 (2)

NPLM:0.05H0,0.4Yb
(Na/Pb/La/Er/Yb)—O' 2.48 (2) Mo—O 1.81 (2)
(Na/Pb/La/Er/Yb)—O" 2.50 (2)

NPLM:0.05H0,0.45Yb
(Na/Pb/La/Er/Yb)—O' 2.55 (1) Mo—O 1.73 (1)
(Na/Pb/La/Er/Yb)—O" 2.55 (1)

NPLM:0.05H0,0.5Yb
(Na/Pb/La/Er/Yb)—O' 2.53 (1) Mo—O 1.79 ()
(Na/Pb/La/Er/Yb)—O" 2.49 (1)

Symmetry codes: (i) -x+1/2, -y, z+1/2; (ii) -x+1/2, -y+1/2, -z+1/2.



Table S3. Cell volume values of scheelite-type molybdates

Compound Cell volume V, A® Reference
BaMoO, 404.912 [45]
PbMoOy, 357.50 [44]
SrMo0O, 351.463 [46]
EuMoO, 347.75 [47]
NaLa(MoOy,); 335.01 [48]
NaPbLa(Mo0Oy); 342.647 Present work
NaPbLa(MoO,)s: 0.05Er**, 0.35Yb** 333.994 Present work
NaPbLa(MoO,)s: 0.05Er**, 0.4Yb*" 332.036 Present work
NaPbLa(MoO,)s: 0.05Er**, 0.45Yb** 331.056 Present work
NaPbLa(MoO,)s: 0.05Er**, 0.45Yb** 329.911 Present work
NaSrLa(Mo0Oy)3 339.84 [29]
NaSrLa(MoO,)s: 0.2Er** 335.9 [29]
NaSrLa(MoO,)s: 0.1Er**, 0.2Yb** 333.65 [29]
NaSrLa(MoOy)s: 0.05Er**, 0.45Yb** 328.92 [29]
NaCalLa(MoOQy)3 326.366 [28]
NaCalLa(M0Oy)s: 0.2Er** 322.687 [28]
NaCalLa(MoO,)s: 0.1Er**, 0.2Yb*" 320.086 [28]
NaCala(MoQ,)s: 0.05Er**, 0.45Yb** 315.177 [28]
CaMoOy 311.552 [49]
NaCaGd(MoO,)s 312.304 [50]
NaCaGd(MoO,)s: 0.2Er** 311.263 [50]
NaCaGd(MoO.)s: 0.1Er**, 0.2Yb** 310.02 [50]
NaCaGd(MoO,)s: 0.05Er**, 0.45Yb*" 308.075 [50]
CdMo0, 297.6 [24]
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