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. 1.

-

,
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 1  

, Å

Ge—C Ge—N Ge—Cl Ge—P Ge—S Ge—Si 

2,043 0,067 

(1,96)* 

1,992 0,107 

(1,84)* 

2,311 0,035 

(2,15)* 

2,450 0,051 

(2,29)* 

2,346 0,095 

(2,20)* 

2,421 0,050 

(2,34)* 

, .

C—Ge—C N—Ge—N Cl—Ge—Cl P—Ge—P S—Ge—S Si—Ge—Si 

96,12±18,30 90,14±9,43 96,11±1,08 95,02±7,32 92,00±6,98 106,70±9,12 

* — .



— 863

.

,

 2007 . [ 3 ]. 

.  X—Ge—X, , -

. ,

. , [ - - ( )- ] -

 [ 6 ]  Ge  Si—Ge—Si 120 .

,  [(1,2,3,4,5- -6- [3.1.0] -6- )- -

]-  C—Ge—C  37  [ 7 ].  

 X —Ge—X .

— , . , ,

.

 C—Ge—N. -

 [ 3 ]  31 . -

,

C—Ge—N  76  123 .

.  2,4- ((2- )-2,4- ( ) )-1,3-

 [ 8 ]  C—Ge—N,  76,1 , -

:

,

1,3- ( )-2,4- (2,6- (2,6- - )- )-1,3-2,4-

 [9]  C—Ge—N,  123,2 , -

, .

,

88  111 .

 Ge—X 

0,1 Å , ,

, —

 [ 10 ]. -

.

-

 Ge—X 

 X—Ge—X.

. 2 -

 Ge . -

, -

. -

0,04 Å, 1,5 . -

-

. , . 1, -

. , ,

 ( - , -

, ( ) . .) , -

- .

, , -

, ,



. . , . .864

 2  

( Å, .)

 I [ 11 ]  VI [ 16 ] 

Ge—C Ge—N N—Ge—C N—Ge—N Ge—C Ge—Cl Cl—Ge—Cl C—Ge—Cl 

2,014(3) 

(2,038)* 

2,015(3) 

(2,040) 

95,1 .(3) 

(94,8) 

88,8(2) 

(89,5) 

2,072(4) 

(2,059) 

2,310 .(3) 

(2,398) 

97,7(2) 

(104,6) 

91,5(2) 

(91,3) 

 II [ 12 ]  VII [ 17 ] 

Ge—N Ge—Cl N—Ge—N N—Ge—Cl Ge—O Ge—Cl Cl—Ge—Cl O—Ge—Cl 

1,960 .(4) 

(2,009) 

2,340(2) 

(2,335) 

90,3(3) 

(90,6) 

94,2 .(4) 

(95,6) 

1,939(2) 

(2,061) 

2,268 .(4) 

(2,320) 

97,7(5) 

(97,9) 

94,5 .(6) 

(91,8) 

 III [ 13 ]  VIII [ 18 ] 

Ge—N Ge—O N—Ge—N N—Ge—O Ge—O  Ge—O O—Ge—O  O—Ge—O

2,008(2) 

(2,024) 

1,828(4) 

(1,873) 

89,5(2) 

(89,9) 

94,4 .(5) 

(94,0) 

1,997 .(2) 

(2,024) 

1,823(3) 

(1,840) 

72,4(3) 

(75,6) 

94,7 .(5) 

(93,4) 

 IV [ 14 ]  IX [ 19 ] 

Ge—N Ge—F N—Ge—N N—Ge—F Ge—Ge Ge—Si Si—Ge—Si Si—Ge—Ge 

1,978 .(4) 

(2,020) 

1,805(3) 

(1,834) 

91,0(3) 

(90,2) 

93,4 .(4) 

(95,3) 

2,296(2) 

(2,306) 

2,435 .(2) 

(2,402) 

115,2(5) 

(114,7) 

116,5(4)— 

125,2(4) 

(116,9) 

 V [ 15 ] 

Ge—N  Ge—N N—Ge—N N—Ge—N

1,950 .(3) 

(2,004) 

2,047(4) 

(2,009) 

79,7(3) 

(78,2) 

96,3 .(3) 

(96,5) 

________

*

.

. -

,

.

. 3 — -

,  NBO*. , -

:

— ;

—  Ge  NBO ;

— .

 [ 20 ]. 

 IX, , , , -

 Ge=Ge,  Ge—X . -

, , -

. .

. 4  Ge— -

. (r),

,  Ge  X  (3, –1) -

                                                                

*  NBO,  GAUSSIAN-98. 
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 3  

NBO- Ge—X

( .), Å

I

Ge—N 2,038 1,956 12,1 %   Ge 

87,9 %  AO N 

0,975 –0,802 

 Ge—C 2,040 1,974 25,3 %  AO Ge 

74,7 %  AO C 

0,975 –1,029 

II

Ge—N 

Ge—Cl

2,009 

2,335 

1,959 

1,986 

11,9 %  AO Ge 

88,1 %  AO N 

17,4 %  AO Ge 

82,6 %  AO Cl 

1,077 

1,077 

–0,835 

–0,600 

III 

Ge—N 

Ge—O 

2,024 

1,873 

1,957 

1,989 

11,7 %  AO Ge 

88,2 %  AO N 

13,0 %  AO Ge 

87,0 %  AO O 

1,172 

1,172 

–0,819 

–1,125 

IV

Ge—N 

Ge—F

2,020 

1,834 

1,957 

1,991 

11,4 %  AO Ge 

88,6 %  AO N 

  9,9 %  AO Ge 

90,1 %  AO F 

1,249 

1,249 

–0,836 

–0,745 

V

Ge—N

Ge—N

2,004 

2,009 

1,976 

1,957 

9,58 %  AO Ge 

90,4 %  AO N 

12,2 %  AO Ge 

87,8 %  AO N 

1,159 

1,159 

 –0,765 

 –0,824 

VI

Ge—C

Ge—Cl

2,059 

2,398 

1,973 

1,974 

17,6 %  AO Ge 

82,3 %  AO C 

15,3 %  AO Ge 

84,7 %  AO Cl 

0,960 

0,960 

–1,679 

–0,643 

VII 

Ge—O 

Ge—Cl

2,061 

2,320 

1,951 

1,986 

  7,2 %  AO Ge 

92,8 %  AO O 

17,1 %  AO Ge 

82,9 %  AO Cl 

1,054 

1,054 

–1,198 

–0,600 

VIII 

Ge—

Ge—

2,024 

1,840 

1,976 

1,979 

  8,1 %  AO Ge 

91,9 %  AO  O 

11,6 %  AO  Ge

88,4 %  AO  O 

1,363 

1,363 

–1,026 

–1,008 

IX

Ge—Si

Ge—Ge 

2,402 

2,306 

1,965 

1,956 

1,910 

53,9 %  AO Ge 

46,1 %  AO Si 

50,0 %  AO Ge 

50,0 %  AO Ge 

50,0 %  AO Ge 

50,0 %  AO Ge 

–0,126 –0,125 

r , (r) .

.

(r) -

:



. . , . .866

 4  

(rc)

--

-

-

( .), Å
(rc)

2 (rc)

1 2 3 | 1| 3 G(rc) G(rc) (rc)

V e(r) E e(r)

I Ge—N 

Ge—C

2,040 

2,038 

0,086 

0,113 

0,227 

0,048 

–0,111

–0,137

–0,099

–0,133

0,437

0,318

0,254

0,431

0,088

0,075

1,023 

0,664 

–0,119 

–0,138 

–0,031

–0,063

II Ge—N 

Ge—Cl

2,009 

2,335 

0,093 

0,069 

0,236 

0,098 

–0,124

–0,069

–0,114

–0,066

0,474

0,233

0,262

0,296

0,096

0,050

1,032 

0,720 

–0,133 

–0,075 

–0,037

–0,025

III Ge—N 

Ge—O 

2,024 

1,873 

0,089 

0,111 

0,231 

0,440 

–0,118

–0,163

–0,108

–0,155

0,458

0,759

0,258

0,215

0,092

0,148

1,034 

1,333 

–0,126 

–0,186 

–0,034

–0,038

IV Ge—N 

Ge—F

2,020 

1,834 

0,091 

0,103 

0,230 

0,535 

–0,120

–0,155

–0,111

–0,152

0,461

0,843

0,260

0,260

0,092

0,156

1,011 

1,514 

–0,126 

–0,178 

–0,034

–0,022

V Ge—N

Ge—N

2,004 

2,009 

0,094 

0,091 

0,252 

0,216 

–0,125

–0,115

–0,112

–0,109

0,489

0,441

0,256

0,261

0,099

0,090

1,061 

1,008 

–0,135 

–0,126 

–0,036

–0,036

VI Ge—C 

Ge—Cl

2,059 

2,398 

0,099 

0,060 

0,083 

0,092 

–0,118

–0,058

–0,109

–0,054

0,311

0,204

0,267

0,284

0,042

0,070

0,424 

1,167 

–0,063 

–0,117 

–0,021

–0,047

VII Ge—O 

Ge—Cl

2,061 

2,320 

0,067 

0,072 

0,226 

0,095 

–0,079

–0,074

–0,078

–0,070

0,384

0,240

0,206

0,308

0,073

0,050

1,089 

0,694 

–0,089 

–0,076 

–0,016

–0,026

VIII Ge—O

Ge—O

2,024 

1,840 

0,075 

0,119 

0,257 

0,499 

–0,091

–0,183

–0,088

–0,171

0,423

0,854

0,215

0,215

0,081

0,166

1,080 

1,395 

–0,098 

–0,207 

–0,017

–0,154

IX Ge—Si 

Ge—Ge 

2,042 

2,306 

0,088 

0,089 

–0,125

–0,041

–0,081

–0,078

–0,079

–0,057

0,035

0,095

2,314

0,821

0,010

0,031

0,114 

0,756 

–0,051 

–0,072 

–0,041

–0,041

. , . .

— , -

;

— -

, .
2 (r ) ,

. , 2 (r ) ,

, -

.

, . 4, 
2 (r )  (3, –1)  I—VIII ,

(r ) | 1| 3 . ,

,  Ge— -

 Ge .

III ( . 2, ).

. , ,

.  Ge 

. ,

,

-

, . -

 IX ( . . 2, ) ,  Ge—Ge  Ge—Si -

, .
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. 2.  III ( )  IX ( ).
,  — 

                                                            

2 (rc)

E e(rc) -

 (3, –1). 2 (rc) E e(rc)  (3, –1) -

. - - . ,

, , , -

 (3, –1) 2 (rc) > 0 E e(rc) < 0. .  — 

 [ 21 ]. . 4,  Ge—X 

I—VIII 2 (rc) > 0 E e(rc) < 0 .

.

-, - -

, . 5. , -,

- . -

, -

 (  Ge—N  1-

Ge—O - ( - , ) )

. (r) 2 (rc) -

.

,  Ge—X -

, ,

.

 [ 22 ], 

:
e

A B 1/ 2 ( ).E V r  (1) 

EA—B — ; V e(r) — 

 (3, –1) . . 6  Ge—X 



. . , . .868

 5  

(rc ) 

( .), Å
(rc)

2 (r )

1 2 3 1 / 3 G (rc) G (rc)/ (rc)

E e(rc)

Ge—O 1,767 0,146 0,624 –0,238 –0,224 1,086 0,219 0,214 1,462 –0,058 

Ge—Cl 2,158 0,103 0,113 –0,115 –0,114 0,342 0,337 0,079 0,771 –0,051 

2,2,4,4,6,6- -1,3,5,24,6-    

Ge—O 1,801 0,129 0,603 –0,201 –0,196 1,002 0,200 0,196 1,515 –0,038 

Ge—C 1,953 0,137 0,051 –0,176 –0,174 0,402 0,128 0,099 0,719 –0,086 

-1,2,3,4,5,6-

Ge—O 1,773 0,133 0,755 –0,203 –0,198 1,157 0,175 0,226 1,703 –0,037 

Ge—Cl 2,136 0,104 0,176 –0,113 –0,111 0,400 0,260 0,093 0,895 –0,049 

2,2,4,4,6,6- -1,3,5- -1,3,5,2,4,6-    

Ge—N 1,835 0,141 0,367 –0,210 –0,189 0,767 0,184 0,164 0,861 –0,072 

Ge—Cl 2,180 0,0978 0,113 –0,107 –0,106 0,330 0,296 0,076 0,779 –0,048 

1-    

Ge—F 1,802 0,128 0,678 –0,201 –0,187 1,066 0,189 0,206 1,613 –0,035 

Ge—O 1,734 0,132 0,951 –0,223 –0,223 1,398 0,160 0,261 1,982 –0,023 

Ge—N 2,306 0,052 0,124 –0,049 –0,049 0,223 0,223 0,044 0,884 –0,013 

- ( - , )

Ge—O 1,811 0,133 0,554 –0,212 –0,200 0,966 0,219 0,189 1,423 –0,050 

Ge—O 1,864 0,115 0,469 –0,174 –0,171 0,815 0,214 0,157 1,360 –0,040 

Ge—O 2,138 0,053 0,198 –0,065 –0,059 0,323 0,203 0,060 1,332 –0,010 

. , . .

, . ,

 –65 

–20 / .  Ge—OH  Ge—OMe  III  VIII, 

Ge—F  IV, Ge—N  I—V ( , -

)  Ge—C  I. C  Ge—O  VIII 

.

Ge—C  VI  Ge—Cl  II.
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 6  

Ge—X

-

V e(r), . .

EGe—X,

/ –1

-

V e(r), . .

EGe—X,

/ –1

I Ge—N 

Ge—C

–0,119 

–0,138 

–37,3 

–43,3 

V Ge—N

Ge—N

–0,135 

–0,126 

–42,3 

–39,5 

II Ge—N 

Ge—Cl

–0,133 

–0,075 

–41,7 

–23,5 

VI Ge—C 

Ge—Cl

–0,063 

–0,117 

–19,8 

–36,7 

III Ge—N 

Ge—O 

–0,126 

–0,186 

–39,5 

–58,3 

VII Ge—O 

Ge—Cl

–0,089 

–0,076 

–27,9 

–23,8 

IV Ge—N 

Ge—F

–0,126 

–0,178 

–39,5 

–55,8 

VIII Ge—O

Ge—O

–0,098 

–0,207 

–30,7 

–64,9 

 Ge—N ,

 (1),  –18  –11 / *. -

 Si—N  –10÷–20 /  [ 24, 25 ].  Ge—O  

 –16÷–23 / ;

–9÷–11 /  [ 26 ]. ,  Ge—X -

,  Si—N  

 Ge—N  Ge—O ,

.

.

1.

 Ge—X  (3, –1) , -

 Ge—X. 

2.  Ge—X ;

 Ge  NBO ; -

.

3.  Ge—X ,

.

4.  Ge—X  (  –65  –20 / )

,  Ge—N  Si—N ,

 Ge—O .
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