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 1  

( 1)  ( )

(  > 0,50) (hkl)
 dhkl

hkl dhkl k hkl dhkl a hkl dhkl k hkl dhkl a

 (Cd,Pb)Bi2S4

202* 3,69 0,88 4 02 3,27 0,73 006 2,21 0,67 5 15 2,02 0,61 

2 04* 3,64 0,85 1 13 3,10 0,66 5 15 2,02 0,68 020* 2,01 1,00 

4 02 3,27 0,80 203* 2,98 0,83 020* 2,00 1,00 600 1,97 0,71 

3 11 2,94 0,67 2 05* 2,94 0,94       

Bi3In5S12 Pb4In3Bi7S18

8 02* 3,62 0,79 1 13 3,01 0,57 304 3,68 0,66 6 01* 3,50 0,51 

004* 3,60 0,67 10 02* 2,99 0,58 6 01* 3,50 0,80 3 06 2,99 0,51 

10 02 2,99 0,53 005* 2,88 0,71 3 05* 3,49 0,89 4 06* 2,84 0,68 

2 06 2,38 0,56 020* 1,94 1,00 804 2,17 0,55 020* 2,01 1,00 

020* 1,94 1,00    020* 2,01 1,00    

716 1,86 0,74          

Pb1,6In8Bi4S19 Pb4In2Bi4S13**

2 04 3,72 0,56 5 12* 3,19 0,51 600 3,55 0,42 570* 2,83 0,46 

8 03* 3,57 0,74 2 05 2,92 0,67 610* 3,52 0,45 171 2,73 0,39 

601* 3,47 0,83 113 2,78 0,51 4 60* 3,40 0,55 800* 2,67 0,40 

004 3,31 0,51 801* 2,72 0,81 401 3,30 0,43 002* 2,00 1,00 

5 12 3,19 0,51 020* 1,94 1,00 061 2,96 0,41    

3 13 3,10 0,51    002* 2,00 1,00    

8 07 2,21 0,51          

020* 1,94 1,00          

* , .
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. 1. : ) xz -

 ( 2 04), (202), (020); -

 (Bi,Pb)  Pb, (Bi,In) — In; )

xz
 ( 2 05), (203), (020); -

                     ak, ck aa, ca

-

. . 1  (  1) 

 (hkl) -

dhkl (2—

4 Å). -

,

.

-

 (hkl), ,

-

.

-

. 1—3, -

-

 ( . 1). , -

 (Cd,Pb)Bi2S4,

( . 2) ,  Bi -

,  Pb  Bi ,  Bi  In  Cd 

 (  — 4 ) — 

 ( 2 04), (202)  (020), 

 24  (

: det{ 2 04/202/020}). -

y = 0 y = 1/2, xz- -

. -

(1/2b  2 Å) , . .  12 

 ( . . 1, ).  16  — 

 ( 2 05), (203), (020) (det = 32) — 

 ( . . 1, ).

, ,

 Bi3In5S12 ( . . 1). , -

, . 2, , .

det{8 02/004/020} = 64  32 ,  In  

 ( . . 2, ), -

, .  50 

,  (005), (10 02)  

 (020) (det = 100),  48 , , -

 ( . . 2, ).

 Pb4In3Bi7S18 -

,  ( . . 1). 

 ( 6 01), (3 05)  (020)  27-  28 ,

(6 01), (4 06)  (020) , , 32  36 . . 3, ,

. ,

(Pb,Bi) , -

 In  S.



. . , . . , . .536

 2  

*

a, b, c (Å),  ( .)

a, b, c (Å),  ( .)

V0, Vk, Va, Å
3,

Sm, Å2,

Nk, Na

   

(Cd,Pb)Bi2S4  [ 11 ] 

C2/m,

a 13,095, b 4,003, c 14,711, 

 115,59, Z 4 

(Bi)4(Bi,Pb)4(Bi,In)2(Cd)2 4(S,Se)4 V0 695,5,  

Vk 58,

Va 43,5, 

Sm 173,5 

Nk 12, Na 16 

ak 3,92 

bk 3,98 

ck 2,01  

k 111,92  

(Sm)k 14,5 

aa 3,65 

ba 3,69 

ca 2,01  

a 126,26  

(Sm)a 11,6 

Bi3In5S12 [ 12 ]  

C2/m,

a 33,13, b 3,873, c 14,413, 

 91,21, Z 4 

3(Bi)42(In)24(In)412(S)4 V0 1848,  

Vk 57,5,  

Va 38,5, 

Sm 478, 

Nk 32, Na 48 

ak 4,14 

bk 4,12 

ck 1,94  

k 118,97  

(Sm)k 15,0 

aa 3,20 

ba 3,31 

ca 1,94  

a 115,69  

(Sm)a 9,6 

Pb4In3Bi7S18 [ 13 ] 

P21/m,

a 21,021, b 4,014, c 18,898, 

 97,07, Z 2 

4(Pb)23(In)27(Bi)218(S)2 V0 1582,  

Vk 56,5,  

Va 44, 

Sm 394, 

Nk 28, Na 36 

ak 4,19 

bk 4,18 

ck 2,00  

k 123,42  

(Sm)k 14,6 

aa 4,34 

ba 3,52 

ca 2,00  

a 126,30  

(Sm)a 12,3 

Pb1,6In8Bi4S19 [ 14 ] 

C2/m,

a 29,167, b 3,872, c 15,554, 

 121,6, Z 2 

(Pb0,8)44(In)42(Bi)4(S)29(S)4 V0 1496,  

Vk 53,5,  

Va 39,5, 

Sm 384, 

Nk 28, Na 38 

ak 4,29 

bk 4,17 

ck 1,94  

k 123,6  

(Sm)k 14,8 

aa 3,38 

ba 3,15 

ca 1,94  

a 120,12  

(Sm)a 9,2 

Pb4In2Bi4S13 [ 15 ] 

Pbam,

a 21,344, b 26,494, c 4,002, 

Z 4 

4(Pb)42(In)2(In)44(Bi)413(S)4 V0 2263,  

Vk 57,

Va 43,6 

Sm 565 

Nk 40, Na 52 

ak 4,16 

bk 4,01 

ck 2,00  

k 122  

(Sm)k 14,1 

aa 3,78 

ba 3,57 

ca 2,00  

a 134  

(Sm)a 10,1 

Bi2In4S9 [ 16 ] 

P21/m,

a 16,167, b 3,917, c 11,111, 

 94,04, Z 2 

2(Bi)24(In)29(S)2 V0 702  

Vk 58,5,  

Va 39 

Sm 178 

Nk 12, Na 18 

ak 4,03 

bk 4,42 

ck 1,96  

k 123,10  

(Sm)k 14,9 

aa 3,87 

ba 4,00 

ca 1,96  

a 140  

(Sm)a 9,9 

* k, k, a, a  90 .

 Pb1,6In8Bi4S19  (8 03), (601)  (020) -

 26  28 , , -

 In.  ( 2 05), (801)  (020) -

 42  38  S. 

 Pb4In2Bi4S13

,  ( . . 1). -

, - -

.  (hkl)
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. 2. Bi3In5S12: ) xz-

( 8 02), (004), (020)  In  Bi;  — ,  In 

, ; ) xz- -

 (005), (10 02), (020); -

                                                                        ak, ck aa, ca

( ),hkl ( ),hkl ( ),hkl . . -

, , ,

. ,

Pbam .  (z = 0) 

8In + 8Bi + 32S,  16Pb + 8Bi + 20S (z = 1/2). 

(6 10), ( 4 60)  (002)  40  40 ,

(570), (800)  (002) — 56  52  S. 

. 2  Bi2In4S9  Ho2S3,

 [ 3 ]. 

Nk/Na,  1, 

, -

 PbS  ZnS, 

, -

-

 [ 8 ], 

.

-

, . 2. -

, -

Nk/Na (0,67—0,78) -

-

, k

 120 , . . -

. 3. Pb4In3Bi7S18: ) xz-

 ( 6 01), ( 3 05), 

(020)  Pb, In  Bi; )

xz- , -

                  ( 6 01), ( 4 06), (020) .
. 3,  In, . 3,  — 

S, 

                                                  



. . , . . , . .538

(a = b,  = 120 ). , -

, . -

ó ,

 (Vk = 53,5—58,5 Å3;  10 %), 

(Va = 38,5—44,0 Å3;  15 %). , -

,

, . . m.

Sm = Nk(Sm)k = Na(Sm)a , , , -

,  (Sm, (Sm)k, (Sm)a — -

, Å2).

-

, , , -

.

, ,

,

.

, . 2 

 (Bi)4(Bi,Pb)4(Bi,In)2(Cd)24(S)4, -

- ( -)

. ,  (heyrovskyte) Pb6Bi2S9 [ 17 ] 

: (Pb)4(Pb0,79Bi0,21)4(Pb0,79Bi0,21)8(Ag0,65Bi0,35)(Bi)84(S)8(S)4.

,  (

 Pb  Bi!), , -

 —  — ,

.

.

. -

, ,  Cd .

-

 ( ,  In  Bi  Bi3In5S12 [ 12 ]). -

, -

, , , -

,

, -

.  — -

.

( ) ,  ( -

, , . .), -

, , , -

.
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