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.
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.
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, .

. , ,

. , 
 – , 

. 

, . 
.

, -
 Rb2MoO4–Ln2(MoO4)3–

Zr(MoO4)2 (Ln=La–Lu).
:

–  Rb2MoO4–
Ln2(MoO4)3–Zr(MoO4)2 (Ln=La–Lu);

– 
;

– , , 
.

.
 Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2 (Ln = La–Lu) 

 26 :
Rb5LnZr(MoO4)6 (  5:1:2),  Ln =

–Lu; Rb2LnZr2(MoO4)6.5 (2:1:4),   Ln  =  Sm–Lu   RbLnZr0.5(MoO4)3 (1:1:1), 
Ln = –Nd .

Rb5LnZr(MoO4)6 (Ln = Ce, Nd) 
, . . R 3c, Z = 6).

.
-, 

,  Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2
(Ln = La–Lu).
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.  ( ,
, , , ) 

. 
.

 Rb5CeZr(MoO4)6
 ICSD (CSD   422149). , 

 Er2Zr(MoO4)5
.

.

» ( ,
2010); 

 «
» ( , 2010); IX 

 ( , 2010); 

» ( ,
2011); XI  «

» ( , 2011).

.  7-
,  2 , 
.

:
, .

, :
•  Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2 (Ln=La–Lu)  

 (550-600° ) 
.  Rb5LnZr(MoO4)6 (5:1:2),

 Ln= –Lu; Rb2LnZr2(MoO4)6.5 (2:1:4),  Ln=Sm–Lu; RbLnZr0.5(MoO4)3 (1:1:1),
 Ln= –Nd.
• , , 

 Rb5LnZr(MoO4)6 (5:1:2),  Ln= –Lu;
Rb2LnZr2(MoO4)6.5 (2:1:4),  Ln=Sm–Lu; RbLnZr0.5(MoO4)3 (1:1:1),  Ln= –Nd

.
,

 II.7.5.6. : «

 Mo (VI), W (VI)  B» (  01201052498).

 08-08-00958  11-08-00681 ) 
7.15.
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. ,
, , , 

, .  _122_ ,
 _42_  _38_ ,  _122_

.

, ,
.

,
, , 

 Rb2MoO4–Ln2(MoO4)3,
Rb2MoO4–Zr(MoO4)2, Ln2(MoO4)3–Zr(MoO4)2 (Ln = La–Lu), 

 Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2 (Ln  =  La–Lu).
 M2MoO4–Ln2(MoO4)3–

Hf(MoO4)2  = , Rb, Tl; Ln = La–Lu). 

.

, .
,

. 
 (“ .”) 

(“ .”)  400–750 C (80–100 ), 
 ZrO2 (“ .  .”)  3 (450–800 C, 80 ), Ln2(MoO4)3

 (
 99.9%),  (“ . .”) 3,

.
 Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2

 « »  (550–600 C).

. 
. 

. 
 ( )

 Advance D8  Bruker AXS
(CuK , , -

 VANTEC).

.  ( )
8 APEX (MoK  – ,

,  2 =70 ) .
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 SHELX-97 ( . . , . 
.).

 ( - -) . . .
 «BOMEM-MB-102» 

 2000–200 -1 (  CsI). -
 RFS 100/S Bruker (  Nd-YAG, =1064

).

. . 
 ( )  NETZSCH STA 449 C

(Jupiter).  4-12 ,  20
.  Al2O3.

 ~ 50 2

 ~ 4 ,  10 . 
 (2/3 ).

 TESLA BM 431 E  1
 25–600° . 

 [1], 
8-4, 

6-13  30-60 .
 (

) 
 PANalytical’s

X’Pert Powder  CoK
. .).

 Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2 (Ln = La–Lu).
,

 « » 
,  26 

Rb5LnZr(MoO4)6 (5:1:2),  Ln = –Lu; Rb2LnZr2(MoO4)6.5 (2:1:4),  Ln = Sm–Lu
 RbLnZr0.5(MoO4)3 (1:1:1),  Ln = –Nd.

 Rb2MoO4–
Ln2(MoO4)3–Zr(MoO4)2  6  (I – La; II – Ce–Nd; III – Sm–
Gd; IV – Tb; V – Dy, Ho; VI – Er–Lu), .1.

, 
Ln2(MoO4)3–Zr(MoO4)2, .

 Rb5LnZr(MoO4)6, Rb2LnZr2(MoO4)6.5
RbLnZr0.5(MoO4)3 : 

 400–
550,600,620° ,  80–120 . 

-
.
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. 1. 
Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2,  Ln=La-Lu.

S1 – Rb5LnZr(MoO4)6, S2 – Rb2LnZr2(MoO4)6.5; S3 – RbLnZr0.5(MoO4)3

 Rb5LnZr(MoO4)6
 Rb5ErHf(MoO4)6 [2],  

 «TOPAS 2-1». 
 Rb5LnZr(MoO4)6 . 1.
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 1
 Rb5LnZr(MoO4)6

, . . R 3c, Z = 6)

, Å , Å V, Å3

Rb5CeZr(MoO4)6 10.767(1) 39.032(1) 3919
Rb5PrZr(MoO4)6 10.772(1) 38.750(1) 3894
Rb5NdZr(MoO4)6 10.758(1) 38.714(1) 3880
Rb5SmZr(MoO4)6 10.755(1) 38.742(1) 3881
Rb5EuZr(MoO4)6 10.774(1) 38.756(1) 3896
Rb5TbZr(MoO4)6 10.772(1) 38.742(1) 3893
Rb5TmZr(MoO4)6 10.752(1) 38.653(1) 3870

, 
, 

 Ln3+  Zr4+ , 
- .

5TmR(MoO4)6 (M = K, Tl, Rb; R = Zr, Hf)  ( .2.)
, ,

, 
.

 2
5TmR(MoO4)6

(M = K, Tl, Rb; R = Zr, Hf)

, Å , Å V, Å3

K5TmHf(MoO4)6 10.660(1) 37.881(1) 3727.9 [3]
Tl5TmHf(MoO4)6 10.711(1) 38.371(2) 3812 [5]
Rb5TmHf(MoO4)6 10.742(1) 38.651(3) 3862 [4]
Rb5TmZr(MoO4)6 10.752(1) 38.653(1) 3870

 Rb5LnZr(MoO4)6, Ln = Ce,
Nd.

 Rb5LnZr(MoO4)6

. R 3c, Z = 6. 
, 

4  (Ln,Zr)O6,
,  Zr4+  Ln3+

1 2.
 Rb5 Zr(MoO4)6 : 1=
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0.834(3)Ce+0.166(3)Zr; M2 = 0.166(3)Ce+0.834(3)Zr.  Rb5NdZr(MoO4)6
: 1 = 0.6Nd+0.4Zr; M2 = 0.1Nd+0.9Zr. ,

1 
. 

 ( . 2).

. 
 [3-5], ,

, 

.

                         ( )                                          ( )                                           ( )

. 2.  Rb5LnZr(MoO4)6 :
) (100) Rb5 Zr(MoO4)6; ) (001) Rb5 Zr(MoO4)6; ) (110) Rb5NdZr(MoO4)6.

. 
.3- 4 - 

Rb5LnZr(MoO4)6, . 
Rb5LnZr(MoO4)6 , 
MoO4  (  MoO4

).  MoO4
980–700 -1 ( )  410–300 -1 ( ).  –

, 
, 

. ,    
, 

4. 
.
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 3
 Rb5LnZr(MoO4)6,  c -1

Ce Pr Nd Sm Eu Tb Tm
955
933
900
894

955
931

895

932
911
894

933
911
894

934
912
894

936
912
893

938
913
894

1 4)

859
820

742

858
820

742
719

859
819

741
719

856
817

740
717
697

856
817

740

853
818

738

858
820
780

737
723

3 4)

373 372
401
372 373

400
373

401
373

2 4)

356

319
296

355

317
295

355

317
295

356
337
317
294

356
337
319
294

356
339
319
293

356
340
322
294

4 4)

253
234

253
237 237 239 240 240 243

4- .,

 4
 Rb5LnZr(MoO4)6, -1

Ce Pr Nd Sm Eu Tb Tm

954
945
926
909
896

964
953
944
927
908
894

944
927

886

945
930
901
890

943
929
900
885

930
903
888

927
906

1 4)

869
851
833
751
724

866

836

728

865

837

729

869

837

730
828
723

867

838
782
729

853
821
745

3 4)

386
366

382 405
380

404
378

404
378

398 4 4)
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351 349 350 352 349 351 352
339
320
299

336
318
298

337
322
301

335
320
299

336
322
300

319
294

2 4)

282
257
220
200

164

120
104

221
201
191
164

120
105

210

115

283

208
192
167
145
122
107

279

232
207
190
165

121
105

280

235
210
190
165

121
107

233
208
185
162

115

4 .,

, 
.

 Rb5LnZr(MoO4)6, Rb2LnZr2(MoO4)6.5  RbLnZr0.5(MoO4)3 ( .5).
,

. 
.3.  Rb2TbZr2(MoO4)6.5.

. 3.  Rb2TbZr2(MoO4)6.5

 5

, ° , °
Rb5CeZr(MoO4)6 487.2

536.0
609.7

Rb5NdZr(MoO4)6 468.8
540.0

654.7

Rb5TbZr(MoO4)6 461.8
544.0

663.4
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Rb5ErZr(MoO4)6 548.4 678.5
Rb2EuZr2(MoO4)6.5 527.8

543.4
752.3

Rb2TbZr2(MoO4)6.5 523.6 774.0
RbCeZr0.5(MoO4)3 502.2

533.2

, . 6.
 6

 (25-600°C)

t, °C , 
25-200 0.5·10-5-1.06·10-5

200-400 1.06·10-5-0.96·10-4

400-470 0.96·10-4-0.9·10-3
Rb5TbZr(MoO4)6

470-600 0.9·10-3-0.2·10-2

25-300 0.6·10-5-0.8·10-5

300-450 0.8·10-5-1.03·10-4

450-515 1.03·10-4-0.9·10-3
Rb5ErZr(MoO4)6

515-600 0.9·10-3-0.5·10-2

25-515 0.2·10-5-0.9·10-5

515-570 0.9·10-5-0.8·10-4Rb2EuZr2(MoO4)6.5

570-600 0.8·10-4-0.2·10-3

25-300 0.2·10-5-0.8·10-5

300-450 0.8·10-5-0.4·10-4
RbCeZr0.5(MoO4)3

450-500 0.4·10-4-0.2·10-3

.4 
 Rb2EuZr2(MoO4)6.5.

                                ( )                                                               ( )

. 4. : ) ; ) 
 Rb2EuZr2(MoO4)6.5
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, 

Rb2EuZr2(MoO4)6.5, , .
, , 

, 
 [6], 

, 
.

 Rb5TbZr(MoO4)6 ( . 5.), 
 « », 

[7]. .5, , 
 ( ) 

, 
.

)                                                       ( )

. 5. : ) ; ) 
   Rb5TbZr(MoO4)6

 Er2Zr(MoO4)5 [8],  Er2(MoO4)3–
Zr(MoO4)2,  Rb2MoO4–Er2(MoO4)3–
Zr(MoO4)2.  Er2Zr(MoO4)5

 c 
.  ( .6.) 

, : 4 , ZrO6
ErO8 , 

.
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. 6. 
Er2Zr(MoO4)5

 ~ 80oC 
. 

. 21 ,   - 
. 21. ,

 ( . 7). 
 Er2Zr(MoO4)5

. 7.
 7

 Er2Zr(MoO4)5

Er2Zr(MoO4)5·
2H2O

Er2Zr(MoO4)5 Er2Zr(MoO4)5 Er2Zr(MoO4)5

 (° ) 25 25 225 525

P21 P21 Cmc21 Cmc21

a, b, c (Å) 11.475(1)
9.740(1)

11.487(1)

11.6528(1)
9.7884(1)

11.6181(1)

21.1471(2)
9.6965(1)
9.8171(1)

21.1458(2)
9.6882(1)
9.8153(1)

, ,  (°) 90, 129.956(5),
90

90,
130.8253(2),

90

90, 90, 90 90, 90, 90

V (Å3) 984.1(2) 1002.77(2) 2013.02(4) 2010.82(4)
Z 2 2 4 4

. 8. ,
. 

, 

O8

O5

O4

O1

Mo2Mo1

O2

O7

O6

O3

Er1
O13

Zr2Zr1

O11

O9

O19
O20

O15

O18 O10

Mo3Mo4

O14

Mo5

O16
O12

O17
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. 

 (25–750 oC).

 8

Er2Zr(MoO4)5

 – , °
, -1

30–100 4.986·10-5

100–200 9.937·10-7

200–700 -3.577·10-6

. 7. , 
 Er2Zr(MoO4)5

» 

300 400 500 600 700 800 900 1000

1.0025

1.0030

1.0035

1.0040

1.0045

1.0050

1.0055

1.0060

1.0065

V 
(n

m
3 )

T (K)

300 400 500 600 700 800 900 1000
-10

0
10
20
30
40
50
60
70
80
90

100

V
/ V

T 
(1

0-6
 K

-1
)

T (K)

300 400 500 600 700 800 900 1000

0.979

0.980

0.981

1.161

1.162

1.163

1.164

1.165

b

c

a

La
tti

ce
 p

ar
am

et
er

s 
(n

m
)

T (K)
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 Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2 (Ln  =  La–Lu).  
, 
 6   I  – La;  II  – Ce–Nd; III  – Sm–Gd; IV – Tb; V –

Dy, Ho; VI – Er–Lu, 
  

. 
 Rb2MoO4–La2(MoO4)3–Zr(MoO4)2, 

.  (II-VI )
 Rb5LnZr(MoO4)6 (5:1:2).

 RbLnZr0.5(MoO4)3 (1:1:1)  II-  Rb2LnZr2(MoO4)6.5
(2:1:4)  III-VI.  Rb5LnZr(MoO4)6 (5:1:2)  Rb2LnZr2(MoO4)6.5
(2:1:4)  M5LnHf(MoO4)6
M2LnHf2(MoO4)6.5 (M = Rb, Tl; Ln = Ce–Lu) .

.9. 
 M2MoO4–Ln2(MoO4)3–R(MoO4)2 (  = K, Rb,  Tl;  Ln =

Ce–Lu; R = Hf, Zr).

 9
 Me2MoO4-Ln2(MoO4)3-

R(MoO4)2 ( =K, Rb, Tl; Ln=La-Lu; R=Hf, Zr)

Ln3+

M+

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

K
[3]

5:1:2 5:1:2 5:1:2 5:1:2 5:1:2 5:1:2 5:1:2 5:1:2 5:1:2 5:1:2

Tl
[5]

5:1:2
2:1:4
1:1:1

5:1:2
2:1:4
1:1:1

5:1:2
2:1:4
1:1:1

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

Rb-
Hf
[4]

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

Rb-
Zr

5:1:2
1:1:1

5:1:2
1:1:1

5:1:2
1:1:1

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

5:1:2
2:1:4

 M5LnR(MoO4)6
, , 

. , ,

 M2MoO4–Ln2(MoO4)3–R(MoO4)2 (  = K, Rb,  Tl;  Ln = La–Lu; R = Hf,  Zr).  
-  M2MoO4–Ln2(MoO4)3–Hf(MoO4)2

 5:1:2  ( )
 2:1:4. 

 2:1:4 (Ln = Sm–Lu)  1:1:1 (Ln =
Ce–Nd) . 

 2:1:4
 1:1:1.
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Rb5LnZr(MoO4)6 (Ln = Ce, Nd) , 
. 

. 
. 

 Ln3+  Zr4+

, 
. 

. , 
.

,  Rb5LnZr(MoO4)6 (Ln = Ce–Lu) 
 6. . 

 La ( . = 9, 10), , 
.

 25–600 C.
 25–450°

, 
. 

 ( .6) , 
.

, , 
.

 ( .10) 
 M2MoO4–Ln2(MoO4)3–R(MoO4)2 (  = K, Rb, Tl; Ln = Ce–Lu;

R = Hf, Zr)  450° , , 
, 

, 
. , ,

–
, , 

, , .

 10
 M5ErR(MoO4)6

(M = K, Tl, Rb; R = Hf, Zr)  450°

+ +, Å , 
+ 1.55 2.8·10-4

Tl+ 1.59 2.3·10-5

Rb+ (Hf) 1.63 2.8·10-5

Rb+ (Zr) 1.63 1.03·10-4

 Rb5LnZr(MoO4)6
Rb2LnZr2(MoO4)6.5 , 
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 5:1:2 ,  2:1:4.
, 

,  Rb+, , =enu,
 n ( ) Rb5LnZr(MoO4)6

,   Rb2LnZr2(MoO4)6.5. , 
 Rb+

 5:1:2
 2:1:4.

1.
Rb2MoO4–Ln2(MoO4)3–Zr(MoO4)2 (Ln = La–Lu)  550–
600° .  26 
Rb5LnZr(MoO4)6 (5:1:2),   Ln  =  –Lu;  Rb2LnZr2(MoO4)6.5 (2:1:4),   Ln  =
Sm–Lu  RbLnZr0.5(MoO4)3 (1:1:1),   Ln  =  –Nd  

.
. 

 6 .
2.

Rb5CeZr(MoO4)6  Rb5NdZr(MoO4)6, 
. ,  Rb5CeZr(MoO4)6

Rb5NdZr(MoO4)6

 R , 
. 

 Ln3+

Zr4+ , 
. 

.
3.

. , 
 450–550° .

4.
 Rb5LnZr(MoO4)6 (Ln  =  Tb,  Er),  Rb2LnZr2(MoO4)6.5 (Ln = Eu).

 5:1:2 
(0.9·10-3– 0.5·10-2 ) 

,  2:1:4 
 10-3 . 

.
5.

 Er2Zr(MoO4)5 .
6.

Er2Zr(MoO4)5 , 
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