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Table S1.  Synthesis of RbVO; phosphor by the WASSR method as a function of
solvents
Synthesis conditions of RbVO;
Raw materials Rb,CO;3, V,05
Solvent 10 wt% for the obtained material
Mixing time 3 min.

Solvent Obtained material Solvent Obtained material
de-ionized water RbVO;, chloroform Rb,CO;3, V,05
ethanol (95%) RbVOs;ZEIShCOg, acetylacetone Rb,CO;, V,05
ethanol (dehydration) Rb,CO;3, V,05 tetrahydrofuran (dehydration) Rb,CO;, V,05
hydrogen peroxide Rb,CO;3, V,05 2-butanone Rb,CO;3, V,05
methanol Rb,CO;3, V5,05 cyclohexane Rb,CO;3, V,05
acetone Rb,CO;3, V,05 toluene Rb,CO;, V,05
hexanol Rb,CO;3, V,05 xylene Rb,CO;, V5,05
1-butanol Rb,CO;3, V,05 1,1,1-trichloroethane Rb,CO3, V,05
n- pentyl alcohol Rb,CO;3, V,05 tetrachloroethylene Rb,CO3, V,05
3-methyl-1-butanol Rb,CO;3, V,05 chlorobenzene Rb,CO;3, V,05
2-methoxyethanol Rb,CO;3, V5,05 octylphenol ethoxylate Rb,CO;3, V,05
benzyl alcohol Rb,CO;3, V,05 ligroin Rb,CO;, V,05
ethylene glycol Rb,CO;3, V,05 bis(2-ethylhexyl)phthalate Rb,CO;, V5,05
propylene glycol Rb,CO;3, V,05 dimethyl carbonate Rb,CO3, V,05
1,4-butanediol Rb,CO;3, V,05 propylene carbonate Rb,CO3, V,05
diethylene glycol Rb,CO;3, V,05 formic acid Rb,CO;3, V,05
polyethylene glycol Rb,CO;3, V5,05 oleic acid Rb,CO;3, V,05
1-amino-2-propanol Rb,CO;3, V,05 phosphoric acid Rb,CO;, V,05
2,2’-iminodimethanol Rb,CO;3, V,05
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Figure S1. Observed (+) and calculated (red line) X-ray powder diffraction data of
NaEu(MoOy,), phosphor prepared by the conventional SSR method as well as the
difference profile (blue bottom line) between them. Bragg reflection peak positions are

shown as vertical bars. Inset shows the R-factors and S value of this refinement.



Table S2. Refined structural parameters of NaEu(MoO,), phosphor prepared by the
conventional SSR method.

NaEu(MOO4)2
Atom Site Occupancy X y z Uy, (nm?)
Nal 4e 0.485(3) 1/2 0 0.1248(7) 0.0088(5)
Eul 4e 0.5149 1/2 0 0.1248 0.00877
Mol 4e 1 1/2 0 0.6247(5) 0.0067(3)
01 8f 1 0.637(2) 0.136(2) 0.3010(7) 0.015(1)
02 8f 1 0.267(2) 0.232(2) 0.0357(6) 0.01548

Because of the disordering of Eu and Na atoms, the fractional coordinate and atomic displacement parameters
(Uise) were constraint to the same values, respectively.



Table S3. Bond distances between metal and oxygen in the NaEu(MoO,), nano
phosphor prepared by WASSR method.

WASSR method SSR method
Metal-oxygen bonding ~ Bond distance (nm) Bond distance (nm)
Eul/Nal-O1 0.262(1) x 2 0.263(1) x 2
Eul/Nal-O1 0.2688(6) x 2 0.2592(8) x 2
Eul/Nal-O2 0.230(1) x 2 0.238(1) x 2
Eul/Nal-O2 0.2345(6) x 2 0.2366(9) x 2
Mol-0O1 0.1537(8) x 2 0.155(1) x 2
Mo1-O2 0.198(1) x 2 0.193(1) x 2




3. Explanation for the treatment of crystallographic data
3.1. Transformation of Space group No. 15

The standard expression of No. 15 is “C 1 2/c 17, sometimes abbreviated as “C2/c”.
The structure parameters of NaEu(Mo0O,), have already been refined based on the non-
standard 7 1 1 2/b (12/b).» The International Union of Crystallography (IUCr)
recommends the usage of standard expression of space group. In 7 1 1 2/b space group,
the unique axis is ¢ axis, not recommended either, formally b axis in monoclinic system.
So, we decided the refinement for our sample to be based on the standard C 1 2/c 1.

The relationship of axes between C 1 2/c 1 and /1 1 2/b is shown in Figure S2. The

subscript letters correspond to Bravais lattices, C and /. The basic vectors, ¢; and b, are

perpendicular to the paper.
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Figure S2. Relationship of axes between C 12/c 1 and /1 1 2/b

The origin of C lattice should be moved on (0,1/2,1/2), this being because of the
transformation from 7 to C.D The linear combinations between these vectors can be

expressed as follows;

a.=a;-b;
bc ==
Cc:bl
and

1 1

where t is the translational vector of origin. By means of matrices and vectors, we can



express these equations to the following equation.

ac a;
be|=0Q|b/|+t €y
Cc Cp
where
1 -1 0 0
Q=10 0 -1|andt=|(1/2
0 1 0 1/2
We can also an inverse relation like
a; ac
bil=Q Ybc|-t (2)
Cr Cc
where
1 0 1
Q l=(0 0 1
0 -1 0
The atomic coordinates, (x;,y;,z;), can be transformed by the following equation.
Xc X
y cl= R y 1l Rt (3)
Zc Zj
where
-1
R=¢Q"

¢ :
and ¢ means transposed matrix of Q.

3.2. Rietveld refinement based on C' 1 2/c 1

Using above equations (1) and (3), the reported crystallographic data® were
transformed to the data on C 1 2/c and taken as initial refined parameters for Rietveld
analysis. Treatment of the XRD patterns was carried out using the Rietan-FP program.®
Because of the disordering of Eu and Na atoms, the fractional coordinate and atomic
displacement parameters (Uj,,) were constraint to the same values, respectively. In the
early stage of refinement, the values of Ui, for two oxygen atoms, Ol and O2, were
converged to too much different values in spite of the fact that the two atoms have
similar crystallographic environment. This is because the oxygen atoms are of much
less atomic number compared heavy Eu and Mo in NaEu(MoQOy,),, making their Us,’s
less reliable. Therefore, the U, values were constraint to be same. Finally, the
refinement was converged to an excellent fitting, having R factors; R,,=1.690%,
R,=1.139%, Rz=10.335%, R.~0.737%, §=2.2936, Rz=3.567%, R=2.816% and



R 2
F°=3.876.

Table S4 shows the results based on C 1 2/c 1. Using the equation (2), the data were
transformed back to the data on 7/ 1 1 2/b, making the data easily compared with those
previously reported?. Table S5 and Table S6 on C 1 2/c 1 are our data and the reported
data, respectively.

Table S4. Structural parameters of NaEu(MoQOy,), refined on space group C 1 2/c 1. SG=C'1
2/c 1,a=0.74214(6) nm, b=1.14644(1) nm, ¢=0.52475(4) nm, =134.999(4) °, V=0.31570(4)
nm?

Atom site g X y z Uio
Eul 4e 0.504(3) 0 0.1210(4) 1/4 0.0094(5)
Nal 4e 0.4961 0 0.12096 1/4 0.00943
Mol 4e 1 0 0.6266(3) 1/4 0.0076(4)
Ol 8f 1 0.127(1)  0.2950(6)  0.077(2) 0.013(1)
02 8f 1 0.224(2)  0.0381(5) 0.143(2) 0.01271

Table S5. Structural parameters transformed from space group C 1 2/c 1 to space group / 1
12/b. SG=I11 2/b, a=0.52478 nm, b=0.52475 nm, c=1.14644 nm, y=89.9992 °, 1'=0. 31570
nm?

Atom site g X y z Uiso
Eul 4e 0.5039 0 1/4 0.1210 0.0094(5)
Nal 4e 0.4961 0 1/4 0.1210 0.00943
Mol 4e 1 0 1/4 0.6266 0.0076(4)
01 8f 1 0.8730 0. 9496 0.2950 0.013(1)
02 8f 1 0.7764 0.9194 0.0380 0.01271

Table S6. Structural parameters of NaEu(MoQy), reported® . SG=I 1 1 2/b, a=0.52421(1)
nm, 5=0.52385(1) nm, c=1.14543(2) nm, y=89.949(3) ° , ¥=0.31454 nm?

Atom site g X y z Uio
Eul 4e 0.5 1/2 1/4 0.8758(4) 0.0077(5)
Nal 4e 0.5 1/2 1/4 0.8758(4) 0.0077(5)
Mol 4e 1 1/2 1/4 0.3738(4) 0.0097(5)

0Ol 8f 1 0.373(1) 0.016(2)  0.2810(7) 0.0017(8)

02 8f 1 0.749(2)  0.434(1)  0.0478(6)  0.0017(8)
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Table S7. Refinement and cell parameters of the NaEu;_,Gd,(MoQ,), (x = 0 and 0.30)
phosphors.

NaEu(MoOy), Na(Euy 70Gdg 30)(M00,),

Crystal system monoclinic monoclinic

Space group C2/c C2/c

a (nm) 0.74214(6) 0.7412(4)

b (nm) 1.14644(1) 1.14694(8)

¢ (nm) 0.52475(4) 0.5241(3)

Q) 134.999(4) 135.00(3)

V (nm?) 0.31570(4) 0.3150(3)
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