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 (  X8 APEX, MoK - , 14169 Fhkl, R = 0,0480 

-  6261 Fhkl, R = 0,0387 - ,

). : a = 11,047(2),

b = 14,486(3), c = 32,048(6) Å;  = 91,30(3),  = 99,73(3),  = 101,61(3) , V = 4942,9(17) Å3,

Z = 8,  = 1,682 / 3 ( - ) a = 11,2124(5), b = 14,6989(7),

c = 17,1644(6) Å;  = 109,393(1),  = 94,989(2),  = 101,649(1) , V = 2576,83(19) Å3, Z = 4,
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(II) Pb(i-Bu2PS2)2.

 50%- i-Bu2PS2Na  Fluka  Pb(NO3)2

. .

 Pb( -Bu2PS2)2.  0,99  (3 ) Pb(NO3)2  10 

 3  (6 ) i-Bu2PS2Na.

,  3 .

, .  1,99  (99 %).

 20 —  (1:1

), .  2/5 

. -

, .  1,30  (69 %), T  66—68 C. , %: Pb 33,1, C

29,5, H 5,8.  C16H36P2S4Pb , %: Pb 33,1, C 30,7, H 5,8.

 (KBr, , –1): 512, 583 (PS2), 706, 765, 810, 842, 923, 1067, 1105, 1162, 1203,

1233, 1334, 1363, 1381, 1395, 1462, 2624, 2866, 2953, 3458.
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, - -  Pb(i-Bu2PS2)2
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. 1. 

 SHELX-97 [ 10 ]. 

 H 

.

. 2,

 — . 3.
 1

,

-Pb(i-Bu2PS2)2 -Pb(i-Bu2PS2)2

- -

C16H36P2PbS4 C16H36P2PbS4

625,82 625,82

, K 150(2) 293(2)

X8 APEX X8 APEX

, Å 0,71073 0,71073

-  0,5 -  0,5

. 1P 1P

, Å, .

a = 11,047(2),  = 91,30(3)

b = 14,486(3),  = 99,73(3)

c = 32,048(6),  = 101,61(3)

a = 11,2124(5),  = 109,393(1)

b = 14,6989(7),  = 94,989(2)

c = 17,1644(6),  = 101,649(1)

, Å3 4942,9(17) 2576,8(2)

Z; , / 3 8;   1,682 4;   1,613

. ., –1 72,92 69,94

F(000) 2464 1232

, 0,26 0,24 0,10 0,25 0,20 0,16

, . 1,88–25,00 1,88–25,00

Nhkl . / Nhkl . 29420  /  17128

[R(int)=0,0190]

16826  /  8853

[R(int)=0,0206]

. F 2 . F 2

Nhkl / N  / N 17128 / 16 / 983 8853  /  19  /  431

GOOF F 2 1,111 1,049

R- , I  2 (I ) R1 = 0,0480,  wR2 = 0,1220

Nhkl = 14169

R1 = 0,0387; wR2 = 0,0998

Nhkl = 6261

R-  ( Ihkl) R1 = 0,0615, wR2 =0,1296 R1 = 0,0649; wR2 = 0,1098
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 2

( 104) (Å2 103)

Pb(i-Bu2PS2)2

x y z U x y z U

1 2 3 4 5 6 7 8 9 10

-

Pb(1) 5856(1) 7807(1) 2678(1) 30(1) Pb(2) 8855(1) 7237(1) 2269(1) 28(1)

Pb(3) 6966(1) 6491(1) 3766(1) 32(1) Pb(4) 7851(1) 8407(1) 1185(1) 60(1)

S(1) 4394(2) 6183(2) 3004(1) 32(1) S(5) 11045(2) 6835(2) 2641(1) 40(1)

S(2) 5625(2) 6266(2) 2113(1) 32(1) S(6) 8325(2) 6072(2) 2979(1) 41(1)

S(3) 3712(2) 8269(2) 2267(1) 46(1) S(7) 9097(2) 8722(2) 2873(1) 36(1)

S(4) 6499(2) 8886(2) 1955(1) 34(1) S(8) 10290(2) 8904(2) 1971(1) 43(1)

S(9) 8699(3) 8088(2) 4108(1) 51(1) S(13) 6580(2) 9776(2) 771(1) 49(1)

S(10) 5710(2) 8136(2) 3693(1) 34(1) S(14) 8846(3) 8836(2) 459(1) 56(1)

S(11) 6073(2) 6118(2) 4516(1) 48(1) S(15) 6168(3) 6792(4) 820(1) 89(1)

S(12) 8331(2) 5173(2) 4200(1) 40(1) S(16) 9131(2) 6747(2) 1291(1) 41(1)

P(1) 4529(2) 5468(2) 2473(1) 27(1) P(3) 10204(2) 6203(2) 3106(1) 37(1)

P(2) 4622(2) 8781(2) 1796(1) 37(1) P(4) 10159(2) 9560(2) 2517(1) 39(1)

P(5) 7356(2) 5302(2) 4667(1) 42(1) P(7) 7598(2) 9676(2) 313(1) 41(1)

P(6) 7326(2) 8832(2) 4041(1) 35(1) P(8) 7518(3) 6029(3) 953(1) 61(1)

C(11) 5194(8) 4435(6) 2621(3) 36(2) C(13) 10789(8) 6911(7) 3599(3) 35(2)

C(21) 4809(10) 3905(7) 3003(4) 52(3) C(23) 12208(9) 7196(7) 3761(3) 40(2)

C(31) 5687(14) 3269(9) 3150(4) 67(4) C(33) 12806(10) 6409(9) 3951(4) 56(3)

C(41) 3489(15) 3374(17) 2921(8) 202(16) C(43) 12454(11) 8008(9) 4091(4) 62(3)

C(51) 2958(8) 5117(6) 2160(3) 32(2) C(53) 10694(16) 5075(8) 3147(5) 114(8)

C(61) 2802(9) 4857(7) 1685(3) 41(2) C(63) 10280(20) 4344(13) 3450(5) 310(30)

C(71) 3263(16) 3977(11) 1592(4) 80(5) C(73) 9023(18) 3805(14) 3217(11) 950(130)

C(81) 1422(10) 4750(8) 1487(3) 52(3) C(83) 10990(30) 3670(20) 3368(12) 900(140)

C(12) 4074(8) 8003(7) 1322(3) 37(2) C(14) 11752(10) 9913(8) 2817(4) 52(3)

C(22) 2663(9) 7634(8) 1178(3) 48(3) C(24) 11943(11) 10128(8) 3297(4) 58(3)

C(32) 1943(10) 8380(9) 1014(4) 61(3) C(34) 11432(14) 10988(10) 3422(5) 76(4)

C(42) 2467(11) 6844(9) 832(4) 61(3) C(44) 13346(12) 10263(12) 3479(6) 84(4)

C(52) 4300(12) 9935(7) 1653(4) 60(3) C(54) 9477(11) 10597(7) 2404(4) 52(3)

C(62) 4580(20) 10710(10) 2007(5) 136(10) C(64) 10050(20) 11267(12) 2091(8) 172(14)

C(72) 3630(30) 11387(17) 1828(10) 192(14) C(74) 10360(40) 12247(16) 2302(8) 450(50)

C(82) 5920(20) 11259(19) 2022(12) 227(17) C(84) 9030(30) 11510(18) 1763(7) 340(30)

C(15) 6629(10) 4158(9) 4817(3) 56(3) C(17) 6627(9) 9249(8) –199(3) 45(2)

C(25) 5912(12) 3399(9) 4469(4) 63(3) C(27) 5931(10) 8210(9) –239(4) 57(3)

C(35) 4701(13) 3624(11) 4244(4) 73(4) C(37) 4699(12) 8091(12) –79(5) 87(5)

C(45) 5675(19) 2452(12) 4669(7) 103(6) C(47) 5710(15) 7831(11) –691(5) 82(4)

C(55) 8369(12) 5791(10) 5161(3) 66(4) C(57) 8373(10) 10841(8) 190(3) 47(3)

C(65) 9071(13) 6806(12) 5168(4) 82(5) C(67) 9108(11) 11547(10) 553(4) 62(3)

C(75) 10308(14) 6879(10) 5034(5) 76(4) C(77) 10337(15) 11297(18) 742(5) 118(9)

C(85) 9230(20) 7300(20) 5606(7) 170(13) C(87) 9331(17) 12533(12) 395(5) 90(5)

C(16) 7930(9) 9917(6) 3803(3) 42(2) C(18) 7926(16) 5680(20) 451(4) 260(20)

C(26) 7002(10) 10533(7) 3650(3) 48(3) C(28) 6900(20) 5702(12) 77(4) 710(80)

C(36) 7300(40) 11480(16) 3885(10) 360(40) C(38) 7360(17) 5860(11) –334(5) 115(7)

C(46) 7140(40) 10850(20) 3218(7) 280(30) C(48) 6670(20) 4639(14) 22(7) 440(50)

C(56) 6914(17) 9074(9) 4561(4) 77(4) C(58) 6861(10) 5032(8) 1237(5) 70(4)
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1 2 3 4 5 6 7 8 9 10

C(66) 7900(30) 9508(18) 4915(7) 212(17) C(68) 7736(12) 4407(8) 1440(5) 74(4)

C(76) 8490(40) 10540(16) 4898(10) 214(16) C(78) 7890(30) 3630(20) 1179(10) 250(20)

C(86) 7370(30) 9590(30) 5300(7) 310(30) C(88) 7090(30) 3934(18) 1761(12) 390(40)
-

Pb(1) 6727(1) 2211(1) 2549(1) 78(1) C(22) 7023(17) 387(12) 4782(8) 205(8)

Pb(2) 6721(1) –88(1) 390(1) 70(1) C(32) 7780(30) 942(18) 5605(9) 380(20)

S(1) 5865(2) 3958(2) 3382(1) 96(1) C(42) 6710(40) –602(16) 4880(17) 610(40)

S(2) 8399(2) 3347(2) 3997(2) 103(1) C(52) 5822(9) –1113(7) 2545(7) 110(3)

S(3) 5419(2) 967(2) 3255(2) 104(1) C(62) 6547(10) –1892(7) 2230(8) 128(4)

S(4) 7932(2) 542(2) 2398(1) 88(1) C(72) 6170(40) –2724(17) 2521(19) 570(40)

S(5) 5452(2) –1908(2) –1002(1) 84(1) C(82) 6240(30) –2461(19) 1330(9) 410(30)

S(6) 8476(2) –860(2) –383(2) 95(1) C(13) 7524(15) –3080(9) –1407(11) 207(9)

S(7) 6324(2) 838(2) –743(1) 77(1) C(23) 6750(20) –4076(14) –1597(16) 337(19)

S(8) 8435(2) 1863(2) 1010(1) 81(1) C(33) 7640(20) –4738(13) –1610(18) 460(30)

P(1) 7314(2) 4309(2) 4286(1) 86(1) C(43) 6400(40) –4080(20) –790(30) 640(50)

P(2) 6686(2) 154(2) 3065(1) 85(1) C(53) 7214(7) –1740(7) –2261(5) 90(2)

P(3) 7160(2) –1923(2) –1274(1) 81(1) C(63) 8445(8) –1591(8) –2590(6) 100(3)

P(4) 7750(2) 2003(2) –51(1) 72(1) C(73) 8881(11) –2509(10) –2931(8) 156(5)

C(11) 8158(9) 5566(7) 4557(6) 115(3) C(83) 8328(11) –1135(11) –3250(8) 160(5)

C(21) 8573(10) 5941(10) 3849(7) 132(4) C(14) 8990(7) 2031(7) –670(5) 94(2)

C(31) 9614(13) 5537(13) 3472(9) 203(7) C(24) 8702(10) 1842(10) –1596(7) 124(4)

C(41) 8935(18) 7071(12) 4206(13) 244(10) C(34) 9908(13) 1777(13) –1968(9) 199(7)

C(51) 6844(9) 4367(8) 5305(6) 114(3) C(44) 8148(16) 2535(13) –1835(9) 195(7)

C(61) 6125(12) 3411(10) 5330(8) 131(4) C(54) 7210(8) 3136(6) 201(6) 93(2)

C(71) 4796(14) 3232(12) 5123(11) 188(6) C(64) 7964(13) 4081(8) 908(11) 161(5)

C(81) 6419(19) 3408(18) 6210(12) 271(12) C(74) 9060(19) 4551(14) 676(17) 350(20)

C(12) 7646(11) 393(10) 4070(7) 144(4) C(84) 7200(18) 4803(11) 1213(14) 252(11)

 3

(d, Å) ( , .)

d d

1 2 3 4

-

Pb(1)—S(3) 2,723(3) Pb(2)—S(5) 2,690(2)

Pb(1)—S(2) 2,786(2) Pb(2)—S(7) 2,803(3)

Pb(1)—S(1) 2,895(2) Pb(2)—S(8) 2,887(3)

Pb(1)—S(4) 2,932(2) Pb(2)—S(6) 2,932(2)

Pb(3)—S(9) 2,759(3) Pb(4)—S(14) 2,771(3)

Pb(3)—S(11) 2,773(3) Pb(4)—S(15) 2,773(5)

Pb(3)—S(12) 2,902(2) Pb(4)—S(13) 2,877(3)

Pb(3)—S(10) 2,984(2) Pb(4)—S(16) 3,023(3)

S(1)—P(1) 2,012(3) S(5)—P(3) 2,026(4)

S(2)—P(1) 2,027(3) S(6)—P(3) 2,016(4)

S(3)—P(2) 2,024(3) S(7)—P(4) 2,025(3)

S(4)—P(2) 2,024(3) S(8)—P(4) 2,012(4)

S(9)—P(6) 2,016(4) S(13)—P(7) 2,014(3)
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1 2 3 4

S(10)—P(6) 2,000(3) S(14)—P(7) 2,021(4)

S(11)—P(5) 2,027(3) S(15)—P(8) 2,025(5)

S(12)—P(5) 2,012(3) S(16)—P(8) 1,995(4)

P(1)—C(51) 1,819(9) P(3)—C(13) 1,814(9)

P(1)—C(11) 1,834(9) P(3)—C(53) 1,82(1)

P(2)—C(12) 1,81(1) P(4)—C(14) 1,82(1)

P(2)—C(52) 1,83(1) P(4)—C(54) 1,83(1)

P(5)—C(15) 1,80(1) P(7)—C(57) 1,82(1)

P(5)—C(55) 1,81(1) P(7)—C(17) 1,82(1)

P(6)—C(16) 1,82(1) P(8)—C(58) 1,82(1)

P(6)—C(56) 1,85(1) P(8)—C(18) 1,828(8)

S(3)—Pb(1)—S(2) 92,70(8) S(5)—Pb(2)—S(7) 91,44(8)

S(3)—Pb(1)—S(1) 90,44(8) S(5)—Pb(2)—S(8) 87,82(8)

S(2)—Pb(1)—S(1) 72,45(7) S(7)—Pb(2)—S(8) 72,59(7)

S(3)—Pb(1)—S(4) 72,67(7) S(5)—Pb(2)—S(6) 73,10(8)

S(2)—Pb(1)—S(4) 83,01(7) S(7)—Pb(2)—S(6) 82,87(7)

S(1)—Pb(1)—S(4) 149,56(7) S(8)—Pb(2)—S(6) 148,52(8)

S(9)—Pb(3)—S(11) 94,1(1) S(14)—Pb(4)—S(15) 94,8(1)

S(9)—Pb(3)—S(12) 95,20(8) S(14)—Pb(4)—S(13) 72,95(7)

S(11)—Pb(3)—S(12) 72,53(7) S(15)—Pb(4)—S(13) 98,0(1)

S(9)—Pb(3)—S(10) 71,48(7) S(14)—Pb(4)—S(16) 90,08(8)

S(11)—Pb(3)—S(10) 88,38(7) S(15)—Pb(4)—S(16) 71,17(9)

S(12)—Pb(3)—S(10) 156,15(7) S(13)—Pb(4)—S(16) 159,31(7)
-

d d

Pb(1)—S(2) 2,766(2) Pb(2)—S(6) 2,698(2)

Pb(1)—S(3) 2,767(3) Pb(2)—S(7) 2,773(2)

Pb(1)—S(1) 2,893(2) Pb(2)—S(8) 2,906(2)

Pb(1)—S(4) 2,982(2) Pb(2)—S(5) 2,918(2)

S(1)—P(1) 2,001(3) S(5)—P(3) 2,012(3)

S(2)—P(1) 2,016(3) S(6)—P(3) 2,012(3)

S(3)—P(2) 2,015(3) S(7)—P(4) 2,028(3)

S(4)—P(2) 1,996(3) S(8)—P(4) 2,004(3)

P(1)—C(11) 1,781(10) P(3)—C(13) 1,775(10)

P(1)—C(51) 1,850(10) P(3)—C(53) 1,806(8)

P(2)—C(52) 1,795(10) P(4)—C(54) 1,817(8)

P(2)—C(12) 1,837(10) P(4)—C(14) 1,823(8)

S(2)—Pb(1)—S(3) 94,84(8) C(52)—P(2)—C(12) 114,4(5)

S(2)—Pb(1)—S(1) 72,22(6) C(52)—P(2)—S(4) 111,0(3)

S(3)—Pb(1)—S(1) 97,35(8) C(12)—P(2)—S(4) 102,4(4)

S(2)—Pb(1)—S(4) 88,70(6) C(52)—P(2)—S(3) 105,5(3)

S(3)—Pb(1)—S(4) 71,50(7) C(12)—P(2)—S(3) 109,7(4)

S(1)—Pb(1)—S(4) 157,29(6) S(4)—P(2)—S(3) 114,0(1)
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1 2 3 4

S(6)—Pb(2)—S(7) 92,58(7) C(13)—P(3)—C(53) 106,7(6)

S(6)—Pb(2)—S(8) 89,11(7) C(13)—P(3)—S(6) 107,4(7)

S(7)—Pb(2)—S(8) 72,31(6) C(53)—P(3)—S(6) 109,8(3)

S(6)—Pb(2)—S(5) 72,94(6) C(13)—P(3)—S(5) 112,7(5)

S(7)—Pb(2)—S(5) 84,26(6) C(53)—P(3)—S(5) 107,8(3)

S(8)—Pb(2)—S(5) 149,86(6) S(6)—P(3)—S(5) 112,3(1)

C(11)—P(1)—C(51) 99,7(5) C(54)—P(4)—C(14) 111,7(4)

C(11)—P(1)—S(1) 111,1(3) C(54)—P(4)—S(8) 109,5(3)

C(51)—P(1)—S(1) 112,4(3) C(14)—P(4)—S(8) 107,0(3)

C(11)—P(1)—S(2) 112,3(3) C(54)—P(4)—S(7) 108,5(3)

C(51)—P(1)—S(2) 108,3(4) C(14)—P(4)—S(7) 107,8(3)

S(1)—P(1)—S(2) 112,3(1) S(8)—P(4)—S(7) 112,4(1)

 Pb : ,

 Pb(II) -  [ 7—9 ].

 Pb(i-Bu2PS2)2 ,

. C -

, -  — .

, . 1 ,

-  Pb(1)(i-Bu2PS2)2.

 Pb 

 S - i-Bu2PS 2  Pb—S,

 2,690(2)—3,023(3) Å ( . . 3). 

 PbS2P.  Pb 

,  S, . .

 ( )  PbS4.

 S4  3,336  4,264 Å.

 Pb  PbS2P  71,2—73,1 .

ó  Pb (3,220—3,538 Å, -

-  Pb  S [ 11 ] ),  S ,

 Pb .

 Pb—S 

(II), 

 S,  Pb,  S 

.

,  PbS2P, ,

 S…S. , -

SPbS  SPS  9,1 , -

 — 13,2 .

,

, -

. 1. -

Pb(i-Bu2PS2)2

                                



. . , . . , . . .992

. 2.

Pb(i-Bu2PS2)2 - .

      

.  P - -

,

 P—S 

1,996(3)—2,028(3) Å,  P—C —

1,775(10)—1,850(10) Å ( . . 3).

 P—S 

 (583 –1)  (512 –1)  PS2

.

 Pb(Me2PS2)2 [ 7 ], Pb(Et2PS2)2

[ 8 ], Pb(Ph2PS2)2 [ 9 ].

 Pb  S 

,  PbS4+2 ,

 S...S.  Pb 

 Pb...Pb,  3,986, 3,988, 4,134 Å -  4,061, 4,102 Å -

. , -

, - .

- . 2. - -

. 3  (010). ,

 S...S,  3,644 

3,650 Å ( - -  3,70 Å),

a.

 Pb(R2PS2)2 [ 7—9 ] 

-  PbS4

. ,  Pb(Me2PS2)2

,  Pb...S 3,298(3) Å (

- - ) ,

.  Pb...Pb  4,099  5,021 Å ( . 4, a).

 Pb(Ph2PS2)2  Pb(Et2PS2)2

. .

 Pb(Ph2PS2)2  Pb...S 3,270 Å
. ,

Pb...S 3,448 Å,  Pb...Pb 4,481  4,597 Å ( . . 4, ).

 Pb(Et2PS2)2 ,

 Pb...S,  3,091, 3,198, 3,269, 3,434 Å.  Pb...Pb 

 4,575, 5,754, 6,177 Å.

 Pb...S 3,099 Å.  Pb...Pb , ,  5,754  6,058 Å.

z  0,25  0,75  Pb...S 3,316 Å
 ( . . 4, ).  Pb(i-Bu2PS2)2

,  S...S. 

.

,  Pb(R2PS2)2  R 

,

.



 Pb[( -C4H9)2PS2]2 993

. 3.  Pb(i-Bu2PS2)2

               (  (010)):  — - ,  — -

. . ,

. . , . . , . .  — -

 X8 APEX.



. . , . . , . . .994

. 4.  Pb(R2PS2)2  (R=Me, Ph, Et) (

,  [ 7—9 ], :  — 

 Pb(Me2PS2)2  (001),  —  Pb(Ph2PS2)2  (010),  —

                                                  Pb(Et2PS2)2  (010)
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