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. 1.  45 o :  – 
 SrF2, b, c – 

, - :  1
( ) –  ( ),  2 ( ) – -

 ( ) 
[Fig. 1. XRD patterns of samples with different compositions after drying at 45 o :  – XRD pattern of single-phase  uo-
rite-type solid solution based on the SrF2, b, c – parts of XRD patterns of two-phase samples, containing structurally
similar solid solutions with close lattice parameters a: the phase 1 – red XRD pattern (calculated), the phase 2 – blue XRD

pattern (calculated); a1 > a2]

Sr1–x– –xx y– YbxTmyF2+x++ +y+ , -
. 1. , -

 0.10<x+y<0.24 -

,
,

 ( . 1b
1c). -

x+y -
 ( -

-
) -

, . 1b
 1c.

-
,

-

 ( . 2)  ( . 3)
.

. 2 -
 600 °C, . . 

-
 Sr1–x– –xx y– YbxTmyF2+x++ +y+

 (x+y) Yb3+  Tm3+. 

-
-

 Sr1-xRxF2+x [20]. 
,  «10»  «11» 

 45 °C.
,

 ( . 2 -
), 

, ,
, 

 SrF2:Yb:Tm



60 ,  19,  1, 2017

. 2.  Sr1-x-yYbxTmyF2+x+y, -
, . -

: 
, -

, ,  – 
[Fig. 2. The change of the lattice parameter of Sr1-x-yYbxTmyF2+x+y powders synthesized by the direct method with ammo-
nium  uoride as a function of the total concentration of REE in different heat treatment conditions. The concentration
range is divided into three segments. The  rst and last sections correspond to the single-phase regions, middle one cor-

responds to two-phase area. Arrows indicate a change in the lattice parameter after annealing]
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 1.  Sr1–x– –xx y– YbxTmyF2+x++ +y+

[Table 1. Results of synthesis of Sr1–x– –xx y– YbxTmyF2+x++ +y+  solid solutions powders]

*
[  of experi-

ment*] [Nominal composition]
a, Å , %

[Number of 
phases, %]

D,
[D, nm] [Method of 

synthesis]

-
[Fluorinating

agent]

1 2 3 4 5 6 72 3 4 5 6
F846a Sr Yb Tm F 5.7996(1) 100 17100

 1
[method 1] NH4F

F846 5.7972(1) 100 >2005.7972(1) 100Sr0.989Yb0.010Tm0.001F2.011

F1260a Sr Yb Tm F 5.7971(3) 100 15100
F1260 5.7909(1) 100 >2005.7909(1) 100Sr0.969Yb0.030Tm0.001F2.031

F1266a Sr Yb Tm F 5.7973(3) 100 14100
F1266 5.7905(1) 100 >2005.7905(1) 100Sr0.9685Yb0.0300Tm0.0015F2.0315

F1267a Sr Yb Tm F 5.7977(2) 100 15100
F1267 5.7907(1) 100 >2005.7907(1) 100Sr0.968Yb0.030Tm0.002F2.032

F1261a Sr Yb Tm F 5.7970(3) 100 14100
F1261 5.7884(1) 100 1505.7884(1) 100Sr0.96Yb0.03Tm0.01F2.04

F1268a Sr Yb Tm F 5.7952(4) 100 13100
F1268 5.7844(1) 100 >2005.7844(1) 100Sr0.949Yb0.050Tm0.001F2.051

F1269a Sr Yb Tm F 5.7953(3) 100 14100
F1269 5.7844(1) 100 >2005.7844(1) 100Sr0.9485Yb0.0500Tm0.0015F2.0515

F1270a Sr Yb Tm F 5.7960(3) 100 14100
F1270 5.7842(1) 100 1155.7842(1) 100Sr0.948Yb0.050Tm0.002F2.052

F847a Sr0.899Yb0.100Tm0.001F2.101

1) 5.7955(2)
2) 5.746(2)

65
35

17
10

F847 5.7742(1) 100 1885.7742(1) 100

F1271a Sr0.8985Yb0.1000Tm0.0015F2.1015

1) 5.7935(2)
2) 5.7321(8)

63
37

15
10

F1271 5.7680(1) 100 >2005.7680(1) 100

F1272a Sr0.898Yb0.100Tm0.002F2.102

1) 5.7936(4)
2) 5.7353(7)

61
39

14
9

F1272 5.7670(1) 100 >2005.7670(1) 100

F463a Sr0.85Yb0.15F2.15

1) 5.787(1)
2) 5.727(2)

44
56

16
8

F463 5.7444(4) 100 495.7444(4) 100

F848a Sr0.798Yb0.200Tm0.002F2.202

1) 5.786(1)
2) 5.725(1)

25
75

15
12

F848 5.7330(2) 100 705.7330(2) 100
F849a Sr Yb Tm F 5.7072(2) 100 12100
F849 5.6954(1) 100 655.6954(1) 100Sr0.697Yb0.300Tm0.003F2.303

F850a Sr Yb Tm F 5.6965(2) 100 13100
F850 5.6843(1) 100 485.6843(1) 100Sr0.64Yb0.30Tm0.06F2.36

F1276a Sr0.899Yb0.100Tm0.001F2.101

1) 5.792(1)
2) 5.736(2)

57
43

13
35

 2
[method 2] NH4F

F1276 5.7615(1) 100 1275.7615(1) 100

F1277a Sr0.8985Yb0.1000Tm0.0015F2.1015

1) 5.7986(7)
2) 5.739(2)

50
50

12
37

F1277 5.7603(1) 100 1655.7603(1) 100

F1278a Sr0.898Yb0.100Tm0.002F2.102

1) 5.7985(5)
2) 5.738(1)

46
54

13
40

F1278 5.7608(1) 100 1505.7608(1) 100

 SrF2:Yb:Tm
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. 1
[End of Table 1]

1 2 3 4 5 6 72 3 4 5 6
F1279a Sr Yb Tm F 5.7758(1) 100 39100

 3
[method 3] NH4F

F1279 5.7669(1) 100 1305.7669(1) 100Sr0.899Yb0.100Tm0.001F2.101

F1280a Sr Yb Tm F 5.7759(1) 100 30100
F1280 5.7667(1) 100 1415.7667(1) 100Sr0.8985Yb0.1000Tm0.0015F2.1015

F1281a Sr Yb Tm F 5.7720(1) 100 35100
F1281 5.7653(1) 100 1255.7653(1) 100Sr0.898Yb0.100Tm0.002F2.102

F1282a
Sr0.899Yb0.100Tm0.001F2.101

1) 5.8052(2)
2) 5.7646(6)

20
80

180
16

 1
[method 1] HF

F1282 1) 5.7976(1)
2) 5.7592(1)

21
79

194
89

F1283a
Sr0.8985Yb0.1000Tm0.0015F2.1015

1) 5.8053(2)
2) 5.7674(4)

17
83

116
8

F1283 1) 5.7972(2)
2) 5.7630(1)

18
82

119
147

F1284a
Sr0.898Yb0.100Tm0.002F2.102

1) 5.8057(2)
2) 5.7646(4)

19
81

101
8

F1284 1) 5.7980(1)
2) 5.7615(1)

20
80

109
125

* : FXXXa – ,  45 °C, FXXX – , -
600 °C.

[* Note: FXXXa – dried powder at a temperature of 45 °C, FXXX – powder heat treated at 600 °C.]

. 3.  Sr1–x– –xx y– YbxTmyF2+x++ +y+ ,
 45 °C, 

[Fig. 3. Changing of the mass fraction of each phase in Sr1–x– –xx y– YbxTmyF2+x++ +y+  powders, synthesized by direct method with
ammonium  uoride and dried at 45 °C, as a function of the total concentration of rare earth]

. . , . . , . . , . , . . , . . 
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[Fig. 4. The dependence of the lattice parameter of the  uorite-type phases from the total rare earth concentration in the 
two-phase region for the three different methods of synthesis by using of NH4F as  uorinating agent]
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. 5. , 
 Sr0.8985

Yb0.1000Tm0.0015F2.1015,  600 °C:
–  NH4F; b – -

 NH4F; c – 
 NH4F

[Fig. 5. SEM images samples synthesized by various methods 
with a nominal composition Sr0.8985Yb0.1000Tm0.0015F2.1015 after 
heat treatment at 600 °C: a – direct order by using NH4F; 
b – the reverse order by using NH4F; c – co-precipitation by 

using NH4F]

. 6.  ( )  (b) 
Sr0.8985Yb0.1000Tm0.0015F2.1015,  (  1)

 HF  600 °C
[Fig. 6. SEM images at high (a) and at low (b) magni  cation of the sample with Sr0.8985Yb0.1000Tm0.0015F2.1015 nominal 
composition, which was synthesized by direct injection of the reagents (method 1, HF  uorinating agent) after heat 

treatment at 600 °C]

. . , . . , . . , . , . . , . .
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Abstract. This paper discloses the results of synthesis of Sr1–x– –y– YbxTmyF2+x++ +y+  (x((  = 0.010–0.300; 
y = 0.001–0.060) y solid solutions by various precipitation techniques, including so-called direct method, 
reverse method and simultaneous precipitation with different  uorinating agents (ammonium  uoride 
or hydro  uoric acid). Use of ammonium  uoride as the  uoride-ion source for precipitation in direct 
or reverse method protocols resulted in the phase separation in the formed solid solutions with general 
concentration of rare-earth elements (REE) varied within the following range: 0.10<x+y<0.24. Such 
solid solution precipitates possessed similar structures, but their lattice unit cell parameters were 
slightly different within the aforementioned concentration range. Heat treatment of samples at 600 oC 
led to the sintered solid solutions with homogeneously distributed chemical composition. Precipitation 
by so-called simultaneous method did not produce multiple phase mixtures for any composition ratio. 
Use of hydro  uoric acid as  uorinating agent produced multiphase precipitates having much larger 
differences for the different phase crystal lattice parameter values than the differences for the specimens 
synthesized with the use of NH4F. In contrast with NH4F-precipitated  uoride samples, annealing the 
HF-precipitated specimens at 600 oC did not result in formation of sintered solid solutions with 
homogeneous distribution of chemical composition. Analysis of the change of the crystal lattice 
parameters vs. REE concentration for various thermal treatment conditions has shown that increase 
of REE concentration was accompanied by the simultaneous increase of NH4

+-ion concentrations in 
the strontium  uoride lattice. Lattice constants of strontium  uoride-based phases went up with the 
increase of NH4

+ ion concentration and decreased with the growth of Yb and Tm concentrations, 
respectively. The present paper also discusses thermal treatment of the formed precipitates, which 
resulted in their thermolysis, as well as the microstructure of the samples prepared by the different 
synthetic techniques.

Keywords: inorganic  uorides, strontium  uoride, solid solutions, rare earth elements.
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