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 [LnL8][Cr(NCS)6] (Ln = La3+, Pr3+, Eu3+, Gd3+, Tb3+, Yb3+, L = -

C6H11NO) ,  LnCl3, K3[Cr(NCS)6] - -

 4—6. 

- -

 473—483 K. -

, -

 NaCl.  [EuL8][Cr(NCS)6] -

T = 240—250 K, 

.

: , , , , , - ,

, , , .

 [LnL8][Cr(NCS)6] (L = - ).

, , -

, -

 [ 1—4 ]. - -

, -

 NCS- . - ,

-

 ( ),  [ 5 ]. -

,

.

,  [LnL8][Cr(NCS)6]

(1Ln) -

-  [ 6 ]. 

, -

 [LnL8]
3+  [Cr(NCS)6]

3–,

 NH-  L  NCS- .

 Ln = Nd  (1Nd),  Ln = Er —  (1Er) [ 7, 

8 ]. , -

                                                                

* E-mail: vscherkasov@home.kemtel.ru 



( ) (III) ( - ) (III) 145

 — 

.

,

[LnL8][Cr(NCS)6], 

.

 LnCl3 6H2O (Ln = La3+, Pr3+, Eu3+, Gd3+, Tb3+, Yb3+) -

. . ,

K3[Cr(NCS)6] 4H2O  [ 9 ]  KNCS  KCr(SO4) 12H2O (

. . ).  Ln3+ -

,  Cr3+ , -

 — . -

 KBr -  System-2000  Perkin-Elmer -

 MTEC Model 200. 

 1Ln ( ).  0,01  LnCl3 6H2O  15 

H2O  0,059  (0,01 ) K3[Cr(NCS)6] 4H2O  15  H2O

 0,090  (0,08 ) -  20  H2O,  4—6. -

, . -

- . , , -

-

.

( ) (III) ( - ) (III) (1La). 

0,100  (69 %). , %: C 44,32, H 5,68, Cr 3,44, La 9,48. C54H88CrN14LaO8S6. , %: 

C 44,89, H 6,13, Cr 3,60, La 9,62. 

 ( , –1): 3287,2( ), 2927,5( ), 2854,1( ), 2089,2( . ), 1625,6( . ), 1496,8( ),

1437,2( ), 1353,6( ), 1286,0( ), 1198,2( ), 1118,3( ), 1086,2( ), 980,0( ), 825,2( ),

727,1( ), 573,8( ), 481,6( ).

( ) (III) ( - ) (III) (1Pr). 

0,098  (68 %). , %: C 44,62, H 6,05, Cr 3,53, Pr 9,68. C54H88CrN14PrO8S6. , %: 

C 44,83, H 6,13, Cr 3,59, Pr 9,74. 

 ( , –1): 3383,3 ( ), 3243,2 ( ), 2929,1 ( ), 2852,8 ( ), 2087,0 ( . ), 1628,6 ( . ),

1495,5 ( ), 1434,9 ( ), 1354,0 ( ), 1285,3 ( ), 1199,2 ( ), 1165,2 ( ), 1119,3 ( ), 1087,1 ( ),

1087,1 ( ), 980,4 ( ), 824,7 ( ), 728,6 ( ), 579,2 ( ), 481,9 ( ).

( ) (III) ( - ) (III) (1Eu). 

0,102  (70 %). , %: C 44,35, H 6,00, Cr 3,48, Eu, 10,32. C54H88CrN14EuO8S6. -

, %: C 44,49, H 6,08, Cr 3,57, Eu, 10,42. 

 ( , –1): 3350,1 ( ), 3240,9 ( ), 3185,0 ( ), 2928,8 ( . ), 2852,6 ( ), 2085,4 ( . ),

1626,7 ( . ), 1495,2 ( ), 1434,0 ( ), 1353,8 ( ), 1285,5 ( ), 1198,3 ( ), 1167,7 ( ), 1118,9 ( ),

1086,9 ( ), 981,0 ( ), 825,0 ( ), 754,4 ( ), 581,6 ( ), 481,3 ( ).

( ) (III) ( - ) (III) (1Gd). 

0,099  (68 %). , %: C 44,23, H 5,97, Cr 3,46, Gd, 10,63. C54H88CrN14GdO8S6. -

, %: C 44,33, H 6,06, Cr 3,55, Gd, 10,75.  

 ( , –1): 3348,2 ( ), 3212,9 ( ), 2927,5 ( ), 2854,7 ( ), 2090,2 ( . ), 1625,4 ( . ),

1497,4 ( ), 1438,8 ( ), 1354,1 ( ), 1285,6 ( ), 1199,8 ( ), 1164,3 ( ), 1118,3 ( ), 1087,1 ( ),

980,0 ( ), 825,8 ( ), 766,9 ( ), 590,1 ( ), 481,1( ).

( ) (III) ( - ) (III) (1Tb).  0,100 

(68 %). , %: C 44,18, H 5,80, Cr 3,42, Tb 10,73. C54H88CrN14TbO8S6. , %: C 

44,28, H 6,06, Cr 3,55, Tb 10,85. 
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 ( , –1): 3248,3( ), 2928,7( ), 2853,4( ), 2090,2( . ), 1622,3( . ), 1497,3( ),

1435,7( ), 1353,2( ), 1285,7( ), 1199,3( ), 1164,2( ), 1118,3( ), 1085,1( ), 981,1( ),

825,1( ), 746,9( ), 588,5( ), 481,2( ).

( ) (III) ( - ) (III) (1Yb). 

0,099  (67 %). , %: C 43,65, H 5,84, Cr 3,42, Yb, 11,55. C54H88CrN14YbO8S6. -

, %: C 43,86, H 6,00, Cr 3,52, Yb, 11,70. 

 ( , –1): 3241,3 ( ), 3197,9 ( ), 2928,4 ( ), 2855,4 ( ), 2092,9 ( . ), 1620,6 

( . ), 1500,3 ( ), 1439,8 ( ), 1353,4 ( ), 1285,9 ( ), 1200,1 ( ), 1164,5 ( ), 1116,9 ( ), 1083,3 

( ), 980,4 ( ), 827,1 ( ), 747,1 ( ). 590,7 ( ), 481,2 ( ).

 Q-1500D, -

Al2O3,  5 ./ .

1La, 1Pr, 1Eu, 1Gd -

 Bruker-Nonius X8 Apex,  CCD -

 KrioFlex,  90—100 K -

-

 ( 1Eu)  (  = 0,71073 Å) -

 ( . 1).  SADABS 

[ 10 ]. 1La ( . 1), 1Pr 1Gd 1Nd [ 7 ]  

-

 SHELXL-97 [ 11 ]. 

-

 C—C  C—N. 1Gd

 91,9(2)  8,1(2) %,  (0 1 0, 1 0 0,  0 0 1 ).

1Eu -

- . -

 4/m.

I4/m.

 SIR2004 [ 12 ] ,

[EuL8]
3+ ,  [Cr(NCS)6]

3–

. ,  ( a b -

)  4/m (C4h).

, - , 4 (S4), -

-  EuO8 -

. -

. -

,  ( . 2). 

,  — -

, , -

1Nd, . -

. ,

0,5,  (  0,081(3) Å–2) -

 C—C. , -

. . -

 SHELXL-97 [ 11 ]. 

R-  ( . . 1) 

. -

I 4 .

, -

, R- ,

.

.
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 1  

,

[Ln( -C6H13NO)8][Cr(NCS)6] (1Ln), Ln = La, Pr, Eu, Gd, Tb 

1La 1Pr 1Eu 1Gd 1Tb 

 C54H88CrN14LaO8S6 C54H88CrN14PrO8S6 C54H88CrN14EuO8S6 C54H88CrN14GdO8S6 C54H88CrN14TbO8S6

 CCDC 685492 685493 685494 685495 685496 

.  1444,65 1446,65 1457,70 1462,99 1464,66 

, K 90,0(2) 90,0(2) 295(2) 100,0(2) 123(2)

( , Å)

MoK  (0,71073) MoK  (0,71073) MoK  (0,71073) MoK  (0,71073) CuK  (1,54178) 

. . P 1 P 1 I4/m P 1 C2/c

Z 2 2 2 2 12 

a, Å 14,2763(8) 14,2461(5) 12,2725(6) 14,2320(15) 39,8027(11) 

b, Å 14,6431(8) 14,5785(5) 12,2725 14,4864(17) 22,4136(5) 

c, Å 17,0529(7) 17,0347(4) 22,9333(19) 17,0006(19) 23,6904(7) 

, . 92,401(2) 92,4440(10) 90 92,340(4) 90 

, . 91,063(2) 91,0670(10) 90 91,109(4) 107,554(3) 

, . 108,677(2) 108,6170(10) 90 108,410(4) 90 

V, Å
3

3372,3(3) 3347,76(18) 3454,1(4) 3320,9(6) 20150,5(9) 

, /
3 1,423 1,435 1,402 1,463 1,448 

,
–1 1,031 1,128 1,296 1,402 8,670 

F (000) 1502 1506 1514 1516 9108 

,
0,10  0,10  0,09 0,124  0,061 

0,021

0,121  0,120 

0,080

0,091  0,084 

0,075 

0,04  0,04 

0,03

, .

1,47—27,50 1,20—25,00 1,88—24,94 1,20—25,00 2,29—22,50 

–18 h  18, 

–19 k  19, 

–22 l  16 

–16 h  16, 

–17 k  17, 

–19 l  20 

–9 h  14, 

–14 k  12, 

–27 l  22 

–15 h  16, 

–17 k  17, 

–20 l  21 

–36 h  36, 

–20 k  20, 

–21 l  21 

33960 33367 5266 28988 28245 

15196 11762 1575 11593 8112 

I  2 (I )

9953

(Rint = 0,0631) 

8736

(Rint = 0,0616) 

1077

(Rint = 0,0517) 

7805  

(Rint = 0,0896) 

4190

(Rint = 0,0841) 

-

F
2

-

F
2

-

F
2

-

F
2

-

F
2

757 757 81 758 719

R1 (I  2 (I )) 0,0504 0,0515 0,1477 0,1028 0,0513 

wR2 (

)

0,1036 0,1191 0,3514 0,2989 0,1273 

GOOF (

)

1,018 1,093 1,441 1,092 1,064 

. .

(min/max), e/Å
3

–0,768/1,397 –0,846/2,193 –2,784/5,816 –1,991/7,806 –0,521/0,855 
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1Tb ( . 3) 1Yb

 Oxford Gemini R-Ultra,  CCD 

,

 (  = 1,54178 Å)  KryoJet, - - -

 (1 )  123 K. 1Tb 1Yb -

1Er [ 8 ] 

 SHELXTL [ 10 ]. 1Tb 1Yb

I > 2(I / (I )) 1Tb

. 1Tb ,

1Yb R1  20 % ( -

a = 39,790(8), b = 22,434(4), c = 23,622(4) Å,  = 107,376(19) , V = 

= 20142(6) Å3).

1La—1Tb -

 (  CCDC 685492-685496), -

 www.ccdc.cam.ac.uk/data_request/cif. ,

1La—1Tb -

. 1. 

 TOPOS 4.0 

Professional [ 13 ] ,  [ 14 ].  

-

( ). -

[ 5 ] -

,

, -

. 3.
1Tb,

                       

. 1 ( ). 

1La (  50 % -

            ),

. 2 ( ).  [Eu( -C6H13NO)8]
3+

1Eu ( )

 4- . -

,
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 RANGES  CLARION. 

 772 , -

.  RANGES 

, ,

.

, .

, -

- .

.  [LnL8][Cr(NCS)6] (Ln = La3+, Pr3+, Eu3+, Gd3+,

Tb3+, Yb3+) , ,

, , , ,

.

- , -

(III) .

(CN)  2100 –1 .

(CS)  CS, ,

(NCS). -

 [ 15 ],  Ln3+  Cr3+

-

: .

.

- -

 473—483 K. , K:  

La — 607; Pr — 578; Eu — 498; Gd — 506; Tb — 498; Yb — 516. 

, ,

, -

.

,

, .

[LnL8][Cr(NCS)6].  [LnL8][Cr(NCS)6], 

Ln = La3+, Pr3+, Eu3+, Gd3+, Tb3+, Yb3+, , -

I ( ), II ( ) III ( ) ( . 2). -

1Ln . 3. -

1Nd 1Er -

 2  

1Ln

-
. . Z 

[LnL8]
3+ [Cr(NCS)6]

3–
-

T T = 90 K 

-

I P 1 2  L .1

II C2/c 12 
,

2

,

2
—  » .3

[LnL8]
3+ ( -

)III I4/m 2 

L

 (

,

)

.2
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 3  

[LnL8][Cr(NCS)6] -
—

Ln La Pr Nd Eu Gd Tb Er 

I* I I III I II II 

d(Ln—O),

min—max, Å

2,427(3)—

2,592(3)

2,380(4)—

2,554(4)

2,369(2)—

2,545(2)

2,34(3), 2,39(3) 2,317(11)—

2,490(10)

2,315(6)—

2,459(7)

2,290(3)—

2,441(3)

d(Ln—O),

. [ ], Å

2,497 [ 53 ]** 2,458 [ 54 ] 2,445 [ 54 ] 2,38 [ 2 ] 2,388 [ 56 ] 2,375 [ 46 ] 2,348 [ 51 ]

V , Å
3

1405,7 1394,8 1393,1 1449,9 1383,2 1387,1 

1394,4

1379,1

1383,5

V , Å
3

280,4 279,1 278,2 277,2 277,3 276,0 

309,9

274,2

306,2

-

. .  [ 6 ] . . . [ 7 ] 

  * I—III , -

.

**  Ln—O  

.

. , -

 90—293 K ,

1Nd ,

1Er .

1Eu .

1Eu.

1Eu ( III) ( . . 2) -

 90 K,  [ 7, 8 ]. -

1La, 1Pr, 1Gd 1Yb -

, 1Eu -

 ( . 4). , ,

, .

, . -

 10 K ,  240—

250 K. , -

,

( . 5). 

: a = 16,89, b = 

= 23,14, c = 16,73 Å,  = 90,81 , V = 6538 Å3. , -

ab .

,  — -

. , -

, -

, . -

, -

, .

 3—4 — -

, .
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. 4. -  (0,5 ) 1Eu, -

: , T  ( ), ,

T = 240 K ( ), , T  ( ). -

                                                                   

-

. ,

, -

1Nd. 1Nd

. - , 1Eu -

,  [EuL8]
3+

. , , , -

.

. -

C4 .

1Eu,

 ( . . 1, 3) 1Ln.

. 5. 00 1  (  2,5 ), -

:  — T = 297 K,  — T = 90 K. 

, , hkl -

                                                       -



. . , . . , . . .152

. 6. ,  NaCl,  [Ln( -C6H11NO)8][Cr(NCS)6]:  — 1Nd

( I),  — 1Er ( II),  — 1Eu ( III). -

. -

                         ,  — —

I—III.

( )

 [ 13 ] , -

 NaCl: ,

[LnL8]
3+  [Cr(NCS)6]

3–, . -

 NaCl 1Ln , -

 4  4 ,  Na4Cl4 ( . 6). 

Ln…Cr , :

8,2—8,6 Å 11,6 Å.

: -

 NCS-  [Cr(NCS)6]
3–,

, -

. , , , -

 Ln…Cr, .

I—III -

,  [LnL8]
3+, -

.

1Ln , .

—  (V ) [ 14, 16, 17 ] -

I -

 (V ). 1Tb ( I) 1Gd ( II) -

, 1Er ( II),  ( . . 2, 

. 7). V II .

, ,

2, V . III (1Eu)

V , -

.

. 7.  Ln(III) (

8) [ 18 ],  Ln—O -

— -

 [Ln( -C6H11NO)8]
3+ (V )

1Ln
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, V  (1Eu) ,

-

. , 1Eu -

,  90—123 K, -

.

, 1Ln , , -

,

1Eu. ,

. -

 ( . )

 [ 5 ],  772 , ,

1Ln,

, ,

.  62 , -

. , -

,

-

. -

(Ln) , , , -

 [Ln2(p-Tos)2(H2O)6](p-Tos) 3H2O (Ln = Sm, Eu, Gd, Tb, Dy, Ho, Er, Yb, Lu, p-Tos — -

) [ 19, 20 ], [Ln2(tfa)6(H2O)6] (Ln = Pr, Sm, Eu, Gd, Er, Yb, Lu, tfa — -

) [ 21, 22 ]  [Ln(acac)3(H2O)2] (Ln = La, Pr, Sm, Nd, Yb, acac — )

[ 23 ]. , -

, , . . 4 -

 ( ) 2Ln—8Ln.

, , , ,

 La3+  ( -

2Ln, 3Ln 8Ln),  ( 2Ln, 5Ln—7Ln).

8Ln . ,

8Eu 8Nd -

, . 8Eu

 EuO8, -

.

2Ln ( . . 4), -

2Er, -

, 2La

2Gd 2Nd , , ,

. -

, 1Ln, -

. , 1Ln -

 ( . . 3),  ( I), -

, 1Eu.

, 1Ln -

. , -

, . -

, :

,

- -

. , , -
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 4  

Ln3+

 8 *

 Ln(III) . .  RefCode [ 5 ] 

La P 1 .

Pr P 1 .

Nd P 1 [ 6 ] 

Eu I 4 /m .

Gd P 1 .

Tb C2/c .

Er C2/c [ 7 ] 

[Ln( -L)8][Cr(NCS)6], L — 1Ln

Yb C2/c .

La P 1 YIVZIM 

Nd C2/c TIMLUW 

Gd P 1 WURREG

Er** P 1 , C2/c VUSHEW01, VUSHEW

[Ln2(D,L-ala)4(H2O)8](ClO4)6 2Ln

La P21/n QAKWEE 

Nd C2/c QAKWII 

Eu C2/c QAKWOO 

Lu C2/c QAKXAB 

[Ln(L)4](CF3SO3)3, L — 3Ln

Dy P 1 DIDBOH 

Ho P 1 DIDBUN 

Er P 1 DIDCAU 

Tm Pbcn DEXYOU 

Yb Pbcn NIJFAN 

[Ln2(CH3COO)2(acac)4(H2O)2] 4Ln

Lu Pbcn DEXYUA 

Sm C2/c SMFPHA [Ln(L)4](PF6)3, L — 5Ln

Er P21/c SMFPHB 

Nd P 1 SUGQEQ [Ln(NO3)(Co(L)2)(t-BuCOO)6], L — 6Ln

Gd C2/c XEFFOD 

Eu P21/c AFTBEU [Ln(H2O)2(L)3], L — 4,4,4- -1-(2- )-

1,3-
7Ln

Ho P 1 DIBRIP

La Pbcn DPYOLA 

Nd P21/c MUMBIF 

[Ln(L)4](ClO4)3, L — 2,2 - 8Ln

Eu*** P21 HABKAX 

    * -

, .

  ** .

***  C, N . -

.

, . -

, -

1Ln -

.

. ,  [LnL8][Cr(NCS)6] -

,  — -



( ) (III) ( - ) (III) 155

 Ln . -

-

, III

.

.  ( . ,

)  Oxford Gemini R-Ultra . .  ( -

)

 TOPOS4.0 Professional. 

1. . . // . . . – 1994. – 39,  8. – . 2316. 

2. . ., . . // . – 2002. – 47,  3. – . 433.  

3. . ., . . // . – 2004. – 49,  11. – . 1813. 

4. . ., . . // . – 2003. – 48,  4. – . 611. 

5. Allen F.H. // Acta Crystallogr. – 2002. – B58. – P. 380. 

6. . ., . ., . . // . . . – 1994. – 39,  9. – 

. 1483. 

7. Cherkasova E.V., Virovets A.V., Peresypkina E.V. et al. // Inorg. Chem. Commun. – 2006. – 9, N 1. – P. 4. 

8. Cherkasova E.V., Virovets A.V., Peresypkina E.V. et al. // Acta Crystallogr. Sect. C.: Cryst. Struct. Comm. – 

2007. – 63. – P. m195. 

9. . . 5 / . . . – .: , 1985.  

10. Sheldrick G.M. SADABS, v. 2.10. – Germany, University of Goettingen, 2004. 

11. Sheldrick G.M. SHELXL-97, release 97-2. – Germany, University of Goettingen, 1998. 
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