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Experimental

X-ray powder diffraction data were collected on automatic diffractometer STOE STADI P with linear PSD detector (transmission mode, 2(/(-scan; Cu Kα1 radiation, curved germanium (1 1 1) monochromator; 2θ-range 6.000≤2θ≤124.545 °2θ with step 0.015 °2θ; PSD step 0.480 °2θ, scan time 300 s/step).

A preliminary data processing, X-ray profile and phase analyses were performed using the STOE WinXPOW (version 2.21) program package [1]. The crystal structure was refined from powder diffraction data with the program FullProf.2k (version 4.00) [2] from the WinPLOTR software [3], using a pseudo-Voigt profile function. The crystallographic data were standardized with the program Structure Tidy [4].
Results

...............................................................................................................................................

The XRD pattern of the polycrystalline sample LiY0.9Ce0.1(PO3)4 shows the presence of two phases. The main phase is a polyphosphate of refined composition LiY0.950(15)Ce0.050(15)(PO3)4, while the composition and structure of additional phase were not determined so far.
Experimental and crystallographic data for LiY0.95Ce0.05(PO3)4 are given in Table 1, while the final atomic and displacement parameters after Rietveld refinement are listed in Table 2. Somewhat high residuals can be explained by existence of additional phase with unknown structure and by refinement using all data points without excluded regions. Interatomic distances and coordination numbers are given in Table 3. Comparison of experimental and calculated powder patterns is presented in Fig. 1. The crystal structure of LiY0.95Ce0.05(PO3)4 phase is isotypic with LiNd(PO3)4 [5], and our crystallographic data is in agreement with data for parent compound LiY(PO3)4 [6].
Table 1 Experimental details and crystallographic data for LiY0.95Ce0.05(PO3)4
	Phase
	LiY0.950(15)Ce0.050(15)(PO3)4

	Structure type
	LiNdP4O12 –b

	Pearson symbol, Z
	mS72, 4

	Space group – Wyckoff sequence
	C12/c1 – f 8e2

	Cell parameters (Å)
	a = 16.2570(3)
b = 7.02698(10), ( = 126.0219(14)°
c = 9.5755(2)

	Cell volume (Å3)
	884.72(3)

	Angular range for data collection (°)
	6.000 ≤ 2( ≤ 124.545

	Number of measured reflections
	723

	Number of refined parameters
	54

	Half width parameters U, V, W
	0.067(4), -0.030(3), 0.0175(5)

	Reliability factors:

RB = (|Iobs – Icalc| / (|Iobs|

RF = (|Fobs – Fcalc| / (|Fobs|

Rp = (|yi – yc,i| / (yi
Rwp = [(wi |yi – yc,i|2 / (wi yi2]1/2
Rexp = [n–p / (wi yi2]1/2
(2 = {Rwp/Rexp}2
	0.1095

0.0626
0.0798
0.1287
0.0363
12.56


Table 2 Atomic positional and displacement parameters for LiY0.95Ce0.05(PO3)4
	Site
	Wyckoff
	x
	y
	z
	Biso (Å2)

	Li
	4e
	0
	0.699(7)
	1/4
	0.9(6)

	Y*
	4e
	0
	0.2016(4)
	1/4
	1.22(6)

	P1
	8f
	0.1482(4)
	0.1517(8)
	0.1015(7)
	1.9(1)

	P2
	8f
	0.3610(4)
	0.0566(8)
	0.3353(7)
	1.5(1)

	O1
	8f
	0.1140(8)
	0.279(2)
	0.5376(14)
	1.6(3)

	O2
	8f
	0.1262(8)
	0.117(2)
	0.2377(13)
	1.5(3)

	O3
	8f
	0.1638(8)
	0.381(2)
	0.0865(13)
	1.2(2)

	O4
	8f
	0.2554(9)
	0.0804(14)
	0.1621(12)
	0.3(2)

	O5
	8f
	0.4273(7)
	0.4135(15)
	0.0777(14)
	1.5(3)

	O6
	8f
	0.4359(8)
	0.0106(14)
	0.3066(14)
	1.6(3)


* Y ( 0.950(15)Y + 0.050(15)Ce
Table 3 Selected interatomic distances (() and coordination numbers (CN) for LiY0.95Ce0.05(PO3)4
	Atoms
	( (Å)
	CN
	Atoms
	( (Å)
	CN

	Li     ( 2O6
	1.95(4)
	4
	O1     ( P2
	1.556(14)
	1

	( 2O5
	2.02(4)
	
	O2     ( P1
	1.561(17)
	1

	Y*    ( 2O2
	2.205(15)
	8
	O3     ( P2
	1.608(15)
	2

	( 2O1
	2.304(10)
	
	( P1
	1.650(12)
	

	( 2O5
	2.434(11)
	
	O4     ( P2
	1.542(10)
	2

	( 2O6
	2.600(12)
	
	( P1
	1.561(15)
	

	P1     ( O5
	1.478(11)
	4
	O5     ( P1
	1.478(11)
	1

	– O4
	1.561(15)
	
	O6     ( P2
	1.432(18)
	1

	( O2
	1.561(17)
	
	Li – Li
	5.54(4)
	

	– O3
	1.650(12)
	
	Y – Y
	5.563(2)
	

	P2    ( O6
	1.432(18)
	4
	Li – Y
	3.50(5)
	

	( O4
	1.542(10)
	
	Li – Y
	3.53(5)
	

	( O1
	1.556(14)
	
	Li – Y
	4.838(7)
	

	– O3
	1.608(15)
	
	
	
	


* Y ( 0.950(15)Y + 0.050(15)Ce

The crystal structure of novel polyphosphate, LiGd(PO3)4, was determined by Ettis et al by single crystal X-ray diffraction [7]. The XRD pattern of the polycrystalline sample shows the presence of single phase, LiGd0.9Ce0.1(PO3)4, a solid solution of cerium in LiGd(PO3)4. Experimental and crystallographic data for LiGd0.9Ce0.1(PO3)4 are given in Table 4, while the final atomic and displacement parameters after Rietveld refinement are listed in Table 5. Interatomic distances and coordination numbers are given in Table 6. Comparison of experimental and calculated powder patterns is presented in Fig. 2. It should be noticed that the strongly preferred orientation effect was observed along [100] direction, despite the fact that X-ray transmission geometry was used. The crystal structure of LiGd0.9Ce0.1(PO3)4 phase is isotypic with LiNd(PO3)4 [5], and our results agree with data for parent compound LiGd(PO3)4.
Table 4 Experimental details and crystallographic data for LiGd0.9Ce0.1(PO3)4
	Phase
	LiGd0.9Ce0.1(PO3)4

	Structure type
	LiNdP4O12 –b

	Pearson symbol, Z
	mS72, 4

	Space group – Wyckoff sequence
	C12/c1 – f 8e2

	Cell parameters (Å)
	a = 16.3234(3)
b = 7.03124(5), ( = 126.113(1)°
c = 9.63898(8)

	Cell volume (Å3)
	893.74(2)

	Angular range for data collection (°)
	6.000 ≤ 2( ≤ 100.065

	Number of measured reflections
	470

	Number of refined parameters
	54

	Half width parameters U, V, W
	0.066(3), -0.039(2), 0.0144(3)

	Texture axis, parameter
	[100], 0.764(4)

	Reliability factors:

RB = (|Iobs – Icalc| / (|Iobs|

RF = (|Fobs – Fcalc| / (|Fobs|

Rp = (|yi – yc,i| / (yi
Rwp = [(wi |yi – yc,i|2 / (wi yi2]1/2
Rexp = [n–p / (wi yi2]1/2
(2 = {Rwp/Rexp}2
	0.0729
0.0593
0.0173
0.0223
0.0169
1.74


Table 5 Atomic positional and displacement parameters for LiGd0.9Ce0.1(PO3)4
	Site
	Wyckoff
	x
	y
	z
	Biso (Å2)

	Li
	4e
	0
	0.698(6)
	1/4
	1.0(8)

	Gd*
	4e
	0
	0.2032(2)
	1/4
	0.94(5)

	P1
	8f
	0.1467(7)
	0.1544(8)
	0.0963(8)
	1.4(2)

	P2
	8f
	0.3620(7)
	0.0530(8)
	0.3379(9)
	1.5(2)

	O1
	8f
	0.1125(9)
	0.286(2)
	0.5433(13)
	1.6(3)

	O2
	8f
	0.1276(12)
	0.1154(14)
	0.225(2)
	1.4(3)

	O3
	8f
	0.1637(12)
	0.378(2)
	0.088(2)
	1.5(4)

	O4
	8f
	0.258(2)
	0.076(2)
	0.152(2)
	3.9(4)

	O5
	8f
	0.4287(12)
	0.4050(11)
	0.083(2)
	1.2(4)

	O6
	8f
	0.4346(13)
	-0.0038(13)
	0.298(2)
	2.8(4)


* Gd ( 0.9Gd + 0.1Ce
Table 6 Selected interatomic distances (() and coordination numbers (CN) for LiGd0.9Ce0.1(PO3)4
	Atoms
	( (Å)
	CN
	Atoms
	( (Å)
	CN

	Li     ( 2O5
	1.96(3)
	4
	O1     ( P2
	1.485(14)
	1

	( 2O6
	1.99(4)
	
	O2     ( P1
	1.48(2)
	1

	Gd*    ( 2O2
	2.31(2)
	8
	O3     ( P2
	1.594(18)
	2

	( 2O1
	2.363(10)
	
	( P1
	1.609(13)
	

	( 2O5
	2.475(9)
	
	O4     ( P2
	1.595(17)
	2

	( 2O6
	2.49(2)
	
	( P1
	1.65(3)
	

	P1     ( O5
	1.475(13)
	4
	O5     ( P1
	1.475(13)
	1

	– O2
	1.48(2)
	
	O6     ( P2
	1.50(3)
	1

	( O3
	1.609(13)
	
	Li – Li
	5.57(3)
	

	– O4
	1.65(3)
	
	Gd – Gd
	5.603(1)
	

	P2    ( O1
	1.485(14)
	4
	Li – Gd
	3.48(4)
	

	( O6
	1.50(3)
	
	Li – Gd
	3.55(4)
	

	( O3
	1.594(18)
	
	Li – Gd
	4.869(6)
	

	– O4
	1.595(17)
	
	
	
	


* Gd ( 0.9Gd + 0.1Ce
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Fig. 1 Observed and calculated X-ray powder profiles for sample LiGd0.9Ce0.1(PO3)4 
(Cu K(1 radiation). The profiles of additional phase with unknown structure were not excluded.
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Fig. 2 Observed and calculated X-ray powder profiles for sample LiGd0.9Ce0.1(PO3)4 
(Cu K(1 radiation).
